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ABSTRACT

The BACIP study of  large benth ic  inver tebrates began in  the fa l I  o f

1980.  Ten preoperat ional  and e ight  operat ional  surveys were conducted.

There was a genera l  dec l ine in  the abundance of  gast ropod mol lusks in

the upcoast  por t ion of  the San Onofre ke lp forest  a f ter  the San Onofre

Nuclear  Generat ing Stat ion 's  Uni ts  ? and 3 began operat ing.  This

pat tern is  par t icu lar ly  s t r ik ing for  tvro species of  predatory

gas t ropods ,  Conus  ca l i f o rn i cus  and  Ke l l e t i a  ke l l e t i i .  The  mos t  l i ke l y

mechanisms underlying the obse:rzed changes are changes in habitat

caused by loss of  ke lp and understory a1gae,  and an increase in  seston

flux and sedimentation. One of the str iking changes during the

operat ional  per iod was the accumulat ion of  a  cohesive,  f ine sediment  at

the upcoast  moni tor ing s tat ion at  San Onofre.  We f i rs t  saw th is

sediment  in  the fa l l  o f  1985.  I ts  spat ia l  d is t r ibut ion and the t iming

of  i ts  appearance suggest  that  i t  is  re la ted to  the operat ion of  SONGS

Uni ts  2 and 3.
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INTRODUCTION

Our mandate f rom the Mar ine Review Commit tee,  Inc.  (MRC) was to

conduct  a  s tudy to  determine whether  the operat ion of  Uni ts  2 and 3 of

the  San  Ono f re  Nuc lea r  Genera t i ng  S ta t i on  (SONGS)  a f fec ts  popu la t i ons

o f  l a rge  ben th i c  i nve r teb ra tes  i n  t he  San  Ono f re  ke lp  fo res t  (SOK) .

L ike most  ke lp forests  in  southern Cal i forn ia,  San Onofre conta ined a

diverse group of  p lants  and animals,  inc lud ing hundreds of  species of

benth ic  inver tebrates.  Among the la t ter  were species of  spor t  and

commerc ia l  impor tance  (e .g . ,  aba lones ,  l obs te rs ,  sea  u rch ins ,  and  sea

cucumbers )  ,  and those of  funct ional  impor tance in  s t ructur ing the ke lp

bed  commun i t y  (e .g . ,  sea  u rch ins  and  sea  s ta rs ) .  When  cons ide r ing  how

to evaluate the poss ib le  impact  o f  the d ischarged cool ing waters on such

a d iverse assemblage,  the f i rs t  problem was to se lect  the group of

spec ies  to  s tudy .  We chose  spec ies  tha t  1 )  a re  cha rac te r i s t i c  o f  ke lp

forests  in  southern Cal i forn ia,  2)  have been shown to in f luence the

st ructure and dynamics of  ke lp bed communi t ies,  and 3 )  can be counted

easi ly  by d ivers in  the f ie ld  under  condi t ions of  re la t ive ly  poor

v i s ib i l i t y .  Sess i l e  i nve r teb ra tes  such  as  b ryozoans ,  hyd ro ids ,  and

sponges,  which form a tur f  on many hard substrates,  were s tudied by

ano the r  con t rac to r  (Osman  e t  a l  1981) .

Equal ly  impor tant  was the se lect ion of  the s i tes at  w ' r ich the

species were moni tored.  Ideal ly ,  the per turbed area and the contro l

areas to  which i t  would be compared would d i f fer  on ly  in  the

per tu rba t i on .  Th i s ,  o f  cou rse ,  i s  no t  poss ib le  i n  na tu re .  I n  t he

v ic in i ty  o f  SONGS there are only  three more or  less pers is tent  ke lp

forests .  Besides San Onofre,  there are the San Mateo ke lp forest  (SMI()
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and  the  Barn  ke lp  fo res t  (BK)  (F igu re  1 ) .  Desp i te  some d i f f e rences  i n

bo t tom compos i t i on  and  re l i e f ,  we  chose  these  a reas  as  con t ro l  s i t es .

By  us ing  two  w ide l y  spaced  con t ro l s ,  w€  cou ld  es t ima te  na tu ra l

va r iab i l i t y  on  the  sca le  o f  seve ra l  k i l ome te rs .  We  a l so  es tab l i shed  two

stat ions in  the San Onofre ke lp forest .  The cool ing waters f rom Uni ts  2

and 3 are d ischarged f rom a ser ies of  por ts  upcoast  f rom the ke lp bed.

We p laced two stat ions under  the ke lp canopy,  one stat ion as e lose to

these  d i f f use r  po r t s  as  poss ib le ,  and  the  second  as  fa t  away  as

possib le .  We hoped to get  an idea of  the d is tance over  which the cool ing

water  d ischarge had an ef fect  by compar ing these two stat ions.

The exper imenta l  des ign was the Before-Af tet l  Contro l - Impact-Pai rs

(BACIP)  d i scussed  by  S tewar t -Oa ten  (1986)  and  S tewar t -Oa ten  e t  a l

(1986) .  Samples were taken at  approx imate ly  equal  in terva ls  before and

af ter  Uni ts  2 and.3 began operat ing.  For  each species,  the d i f ference

in abundance between the impact  and contro l  s i te  was ca lcu lated for  each

survey.  I f  the power p lant  had no ef fect ,  one would expect  that  the

average d i f ference between s i tes would be the same af ter  Uni ts  2 and 3

began operat ing as before.  The test  o f  th is  hypothesis  is  the subject

o f  t h i s  repo r t .
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NATURAL HISTORIES OF COMMON KELP FOREST INVERTEBRATES

Perhaps the most  s tud ied denizens of  ke lp forests  are sea urch ins.

Three species of  sea urch ins commonly occur  in  the ke lp beds near  the

San Onofre Nuclear  Generat ing Stat ion:  Red and purp le sea urch ins,

Strongylocentrotus f ranc iscanus and S.  purpuratus,  respect ive ly ,  and

whi te  sea urch ins,  Lytechinus anamesus.  The d iademat id  sea urch in,

Centrostephanus coronatus,  a lso occurs,  but  is  rare.  Red and purp le

urchins occur  a lmost  exc lus ive ly  on rocky substrates.  Whi te urch ins

are not only conmon on some hard substrates, but are also abundant on

sand and mud bot toms.  Local ly ,  whi te  urch ins are of ten most  numerous in

the  sandy  a reas  a t  t he  pe r iphe r ies  o f  ke lp  beds  (Sch roe te r  e t  a l  1983) .

Each of the three abundant urchin species is a grazet whose diet

inc ludes the g iant  ke lp,  Macrocyst is  pyr i fera (Le ighton 1950;

Booloot ian and Lasker  L964,  c i ted in  Lawrence L975;  Le ighton et  a I

f965 ) .  G ian t  ke lp  i s  t he  p re fe r red  food  o f  red  and  pu rp le  seaurch ins .

Although opinions differ on the general importance of sea urchin

grazing to the distr ibution and abundance of kelp in southern

Ca l i f o rn ia  ( f o r  a  d i scuss ion ,  see  Nor th  L974) ,  t he re  i s  f a i r l y

convinc ing ev idence that  s t rongylocentrot id  urch ins can l i rn i t ,  reduce,

or  e l iminate ke lp beds (Leighton 1968,  L97L;  Nor th and Pearse L97O;

North L974;  Iearse and Hines L979;  Dean et  _d 1984) .  A change in

behavior precedes destructive overgrazing by red and purple urchins

(Le igh ton  1960 ,  L97L ;  Le igh ton  e t  a l  L956 ;  Dean  e t  a l  L984 ;  Har ro ldand

Reed 1985 )  .  When dr i f t  a lgae is  abundant ,  i t  is  the i r  pr imary food

( I rv ine L973,  c i ted in  Lawrence L975) .  Under  these condi t ions,  the

urchins remain more or less stationary and capture the drif t ing algae
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wi th  the i r  sp ines  and  tube  fee t  (Lees  L97O;  Rosen tha l  e t  a l  L974 ;

Ma t t i son  e t  a l  L977 ;  Har ro ld  and  Reed  1985) .  However ,  when  d r i f t  a lgae

are scarce,  red and purp le urch ins move over  the substrate and graze on

a t tached  a lgae  (Le igh ton  1950 ,  L97  1 ;  Le igh ton  e t  a l  1966 ;  Ma t t i son  e t  a l

L977) .  S ince rates of  movement  are inversely  re la ted to  the

ava i l ab i l i t y  o f  d r i f t  a lgae  (Lees  1970) ,  i t  seems  l i ke l y  t ha t  ac t i ve

graz ing is  s t imulated by s tarvat ion.

Graz ing aggregat ions or  " f ronts"  o f  red sea urch ins have occurred

in both the San Onofre and San Mateo kelp beds. One urchin front

e l im ina ted  ke lp  a long  one  o f  t he  Ke lp  Eco logy  P ro jec t ' s  (KEP)  t ransec ts

in  the downcoast  por t ion of  the San Onofre ke lp bed in  1981 (Dean et  a l

1983 ) .  Another  removed near ly  a l l  a lgae f rom our  contro l  s i te  in  the

San Mateo ke lp forest .  For tunate ly ,  most  o f  the graz ing took p lace

af ter  the s tudy was completed.

gefore about  1983,  whi te  urch ins were re la t ive ly  rare on shal low

rocky substrates.  They were usual ly  found on sof t  sediments in  bays or

deepwa te r ,  o r  i na reas  j us t  ou t s i de  o f ke lp  f o res t s  (Mo r r i s  e t  a l  1980 ;

Sch roe te r  e t  a I  1983) .  The  p resence  o f ' t he  sea  s ta r ,  As te r i na  m in ia ta

(= Pat i r ia  min iata) ,  and perhaps other  astero ids in  the ke lp forest ,

appeared to  rest r ic t  the d is t r ibut ion of  whi te  urch ins to  per iphera l

areas (Schroeter  e t  a l  1983) .  A l though h igh densi t ies and dest ruct ive

graz ing by L.  anamesus on ke lp was occasional ly  observe I  (Clarke and

Neushul  1967;  personal  observat ions) ,  whi te  urch ins were genera l ly  an

unimportant  source of  ke lp morta l i ty  (Le ighton 1971) .

This situation has recently changed. During the L982-1984 El

Nino,  shal low water  astero id populat ions were drast ica l ly  reduced

throughout  the southern Cal i forn ia Bight  by a ser ies of  ep izoot ics

I
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caused-  by  a  bac te r i um o f  t he  genus  V ib r i o  (Sch roe te r  e t  a1  f988b) .

Concurrent  wi th  the decl ine in  sea stars ,  the densi ty  of  whi te  urch ins

in ke lp habi ta ts  increased at  s i tes f rom San Diego to  Santa Barbara and

at  the Channel  Is lands (Tegner  and Dayton 1987;  J .  Pat ton,  personal

communicat ion;  unpubl ished data) .  S ince L.  anamesus genera l ly  have

been uncommon in  ke lp forests ,  there have been few studies of  the i r

e f fec ts  on  g ian t  ke lp  (no tab l y ,  C la rke  and  Neushu l  1967 ;  Le igh ton  L97L ;

Dean et  a l  1984) ,  and the long- term s ign i f icance of  the recent  change in

the i r  d i s t r i bu t i on  i s  d i f f i cu l t  t o  j udge .

Lytechinus anamesus have always been present at SOK and SMK. Our

observat ions and f ie ld  exper iments ind icate that  graz lng by L.

anamesus can af fect  both recru i tment  of  juveni les and the s tanding

s tock  o f  adu l t  ke lp .  Us ing  da ta  co l l ec ted  f rom L978  to  1986 ,  we  found  a

s igni f icant  negat ive corre lat ion between urchin densi ty  and that  o f

ke lp  rec ru i t s  (Sch roe te r  e t  a1  1988a) .  l l e  a l so  no ted  tha t  ke lp  rec ru i t s

were genera l ly  absent  in  areas of  very h igh urch in densi ty .  In  fact ,

whi te  urch ins appear  to  set  the of fshore boundary of  the ke lp forest  a t

one of  o l r r  s tudy s i tes (Dean et  a l  1984) .  We have a lso observed

signif icar' t  grazing on adult kelp. In February 1985, large numbers of

whi te  urch ins began graz ing on the holdfasts  and f ronds of  adul t  p lants ,

which resul ted in  heavy morta l i ty  dur ing a per iod of  s torm waves and

associated s t rong surge (Dixon and Schroeter  f985 )  .  Graz ing on adul t

ke lp  i s  s t i l l  occu r r i ng  a t  some o f  ou r  s tudy  s i t es .

Eight  species of  sea stars  were encountered in  our  benth ic

surveys.  The four  most  abundant  were Aster ina min iata,  Ast romet is

se r tu l i f e ra ,  P i sas te r  g igan teus ,  and  Dermas te r i as  imbr i ca ta .  A11  a re

p reda to rs  on  sess i l e  o r  mo t i l e  i nve r teb ta tes .  As t romet i s  and
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Dermaster ias prey on adul t  and juveni le  purp le sea urch ins (Leighton

L97L;  Rosenthal  e t  aL L974) ,  and probably  consume juveni le  red urch ins

as  we l l  ( Le igh ton  1971) .  O the r  p rey  o f  As t romet i s  t ha t  a re  coun ted  i n

the benth ic  surveys are the tun icate,  Stye la montereyensis ,  and the

p reda to ry  sna i l s ,  Ke l l e t i a  ke l l e t i i  and  Conus  ca l i f o rn i ca  (Rosen tha l  e t

a\  L974) .  In  addi t ion to  sea urch ins,  Dermaster ias preys on at  least

two other  species counted in  our  surveys:  the so l i tary  sPonge,  Tethya

aurant ia ,  and the sea star ,  Ast romet is  ser tu l i fera (Rosenthal  and Chess

L972) .  Aster ina min iata is  an oppor tunis t  that  f i I ls  the ro les of

herb ivore and scavenger  (Gerard L976) .  I t  a lso preys on some species of

bryozoans (Day and Osman 1981)  and on whi te  sea urch ins (personal

obse rva t i ons ) .  I n  t he  San  Ono f re  ke lp  bed ,  As te r i na  s ign i f i can t l y

af fects  the d is t r ibut ion and abundance of  whi te  urch ins (Schroeter  e t

a l  1983) .  S ince graz ing by Lytechinus appears to  l imi t  the recru i tment

of  juveni le  ke lp p lants  (Dean et  a l  1984) ,  predat ion by Aster ina may

have an impor tant  ind i rect  e f fect  on the loca1 d is t r ibut ion and

abundance of  ke lp.

A d iverse assemblage of  prosobranch gast ropods is  found in  most

ke lp forests ,  inc lud ing those near  SONCS Uni ts  2 and 3.  The most

abundant  of  these snai ls  in  the San Onofre ke lp forest  were the large

whe lk ,  Ke l l e t i a  ke l l e t i i ,  t he  cone ' she11 ,  Conus  ca l i f o rn i cus ,  and  the

mur ic id ,  PLerryggpgrg fest iva.  Kel le t ia  is  a  carn ivorous scavenger

that is often found feeding on dead or moribund individuals in company

w i th  the  sea  S ta rs ,  P i sas te r  g igan teus ,  P i sas te r  b rev j - sp inus  r  o f

Dermaster ias imbr icata (Rosenthal  L97L) .  Kel le t ia  forms breeding

aggregations of 15 to 20 individuals in the early spring and lays egg

capsu les  on  1ow re l i e f  rocky  subs t ra tes  (Rosen tha l  1970) .  Each  capsu le

I
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conta ins f rom about  400 to  22OO eggs.  The larvae leave the capsule as

swimming ve l igers.

Cqnus ca l i forn icus is  the only  member of  i ts  pr imar i ly  t rop ica l

genus found in  Cal i forn ia waters.  I t  is  a  genera l is t  predator  and a

scavenger !  and  occu rs  on  bo th  ha rd  and  so f t  bo t tom subs t ra tes .  I n  a

two-year  s tudy conducted at  the Hopkins Mar ine Laboratory,  Shaf fer

(1986)  found tha t  Conus migra ted  in to  the  ke lp  fo res t  to  b reed in  the

la te  spr ing and ear ly  summer.  Shaf fer  ( f986)  a lso found that  cone

shel ls  se lect ive ly  ov ipos i t  on the red a lga,  Rhodymenia pacj . f ica.  The

eggs are la id  in  e laborate capsules that  are at tached to the b lades of

the  a lgae .

Pteropurpura fest iva occurs in  in ter t ida l  as wel l  as subt ida l

hab i ta t s .  I n  t he  sub t i da l ,  i t  o f t en  occu rs  on  rocky  subs t ra tes  i n  bays

(Mclean 1978) .  We have seen large numbers of  large ind iv iduals  on rocky

substrates in  the Agua Hedionda lagoon about  40 km south of  the San

Onofre ke lp forest  (personal  observat ions )  .  Our  knowledge of  the

feeding and reproduct ive b io logy of  Pteropurpura comes f rom studies of

in ter t j -da l  populat ions near  La Jo1la,  Cal i forn ia,  and nor thern Baja

Ca l i f o rn ia .  D ie ta ry  compos i t i on  va r ies  f rom s i t e  to  s i t e ,  bu t  cons i s t s

pr imar i ly  o f  b iva lves and snai ls ,  inc lud ing other  mur ic ids

(Fother ingham L97L,  1.974) .  Breeding in  these in ter t ida l  populat ions

occured f rcm March thr tugh July. Pteropurpura f ormed mixed

aggregat ions wi th  other  mur ic id  snai ls .  Females la id  mul t ip le  egg

capsu les ,  each  con ta in ing  500  to  600  eggs .  I n  t h ree  to  fou r  weeks ,  t he

larvae developed in to swimming ve l igers and emerged f rom the capsules.

Successfu l  recru i tment  occurred in  one out  o f  the three years these

populat ions were s tudied (Fother ingham 1971)  .
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Two o ther  spec ies o f  mur ic id  sna i l s .  Maxwel l ia  gemma and

Murexie l  1a santarosa!4, occur  in  modera te  abundances  in  the  ke lp  beds

near  SONGS. As is  the case wi th  other  mur ic ids,  they are probably

benth ic  predators.  We have seen large breeding aggregat ions of

Maxwel l ia  on  cobb les  and bou lders  a t  depths  o f  about  17  meters  in  the

Barn ke lp bed.

Mi t ra  idae,  the only  member of  the fami ly  Mi t r idae a long the

Ca l i f o rn ia  coas t ,  iS  a  spec ia l i zed  p reda to r  on  the  s ipuncu lan ,

Phascolosoma agassiz i i  (Fukuyama and Nybakken f983) .  I t  breeds f rom

February to  Ju ly  in  southern Cal i forn ia,  lay ing 100-200 e longate egg

capsu les  on  rocks .  The  capsu les  con ta in  f rom 100  to  1000  eggs .

Swimming ve l igers emerge f rom the capsules af ter  about  24 days (Morr is

e t  a l  1980 ) .

Two  ub iqu i tous  a rchaeogas t ropods ,  t he  top  she1 ls ,  Tegu la

aureot incta and Cal l iostoma supargranosum, are fa i r ly  common in  the

kelp forests  near  SONGS. Tegula aureot inct l r  occur  in  the low in ter t ida l

and commonly in kelp forests in southern California, where they feed on

mic ro -a lgae  (Schmi t t  f 982 ) .  L i t t l e  i s  known  o f  t he i r  b reed ing

behav io r ,  bu t  a  re la ted  spec ies ,  Tegu la  funebra l i s ,  l ays  sma l l

gelatinous egg masses containing several hundred eggs on rocks in the

inter t ida l .  Set t lement  of  srnal l "snai ls  occurs about  two weeks af ter  the

eggs  a re  l a id  (Mor r i s  e t  a l  1980) .

Cal l iostoma supragranosum and the less abundant  Cal l iostoma

glor iosum are commonly found on rocky substrates in  ke lp forests

(Mc l ,ean  1978) .  Ca l l i os toma g lo r i osum i s  a  scavenger ,  and  a  spec i -a l i zed

p reda to r  on  the  sponge ,  Xes tospong ia  d ip rosop ia  (Pe r ron  1975) .
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Four of  the most  abundant  sess i le  inver tebrates are:  the gorgonian

co ra1 ,  Mur i cea  ca l i f o rn i ca ,  t he  so l i t a ry  tun i ca te ,  S tye1a

mon te reyens i s ,  t he  go rgon ian  co ra l ,  Mur i cea  f ru t i cosa ,  and  the  so l i t a ry

sponge,  Tethya aurant ia .  The two species of  Mur icea are character is t ic

of  most  southern Cal i forn ia ke lp beds,  and in  many instances contr ibute

subs tan t i a l l y  t o  t he  ve r t i ca l  s t ruc tu re  o f  t he  unders to ry .  Bo th

species have been studied extensive ly  in  San Diego County by Gr igg

(1970 ,  L972 ,  L974 ,  L975 ,  L977  ) ,  who  used the  ou t f a l l  s t r uc tu re  o f  SONGS

Un i t  I  as  one  o f  h i s  s tudy  s i t es  (C r igg  L977  ) .  Mur i cea  ca l i f o rn i ca  i s

a lmost  a lways the more abundant  of  the two species,  the rat io  of  the

max imum abundances  o f  t he  two  spec ies  be ing  abou t  2 .5 :L  (Gr igg  L977) .

The d i f ference in  abundance seems to be a resul t  o f  the fact  that

Mur icea ca l i forn ica recru i ts  at  a  rate 2-3 t imes that  o f  Mur icea

f ru t i cosa  and  l i ves ,  on  ave rage ,2 -3  t imes  as  l ong  (Gr igg  L977) .  I nou r

s tudy ,  M .  ea l i f o rn i cawas  the  mos t  numerous  sess i l e  spec ies ,  abou t  3 .5

t imes more abundant  than M.  f ru t icosa.

The  so l i t a ry  tun i ca te ,  S tye la  mon te reyens i s ,  i s  t he  second  mos t

abundant  sess i le  species sampled in  our  surveys.  A l though I i t t le  is

known about  i ts  natura l  h is tory ,  Rosenthal  e t  a1 (L974)  est imated that

Stye la had a l i fe  expectancy of  12 to  20 months in  a ke lp bed near  DeI

Mar,  Cal i forn ia.  Heavy reeru i tment  usual ly  occurred in  the la te

summer,  but  i t  was balanced by heavy morta l i ty  in  the la te spr ing,  and

populat ion numbers remained fa i r ly  constant  (Rosenthal  e t  q I  L974) .

The orange demosponge,  Tethya aurant ia ,  iS a conspicuous

inhabi tant  o f  rocky substrates in  ke lp forests .  I t  reproduces both

sexual ly  and asexual ly  (Berquis t  1978 )  .  I t  is  an ov ipotous species

whose oocytes develop in  the sea water .  Wi th in  about  24 hours,  a
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t yp ica l  parenchymel la  la rva  is  fo rmed.  The la rvae o f  most  sPonges swj -m

f o r  3 - 4 8  h o u r s  b e f o r e  s e t t l e m e n t  ( B e r q u i s t  1 9 7 8 ) .  T e t h y a  r e p r o d u c e s

asexua l ly  by  budd ing .

Severa l  spec ies  o f  spor t  and cornmerc ia l  in te res t  occur  in  loca l

ke lp  beds .  Aba lones  (Ha I io t i s  spp . ) ,  l obs te rs  (Panu l i r -us  i n te r rup tus ) ,

c rabs  (Cancer  spp ) ,  and  red  sea  u rch ins  (S t rongy locen t ro tus

f raqql rc4nqq)  are a l l  harvested.  A11 occur  in  our  s tudy areas,  but  wi th

the except ion of  red sea urch ins are normal ly  too rare and too crypt ic

to  be ef fect ive ly  sampled us ing our  f ie ld  protocol .  Red sea urch ins

have been harvested in  the San Mateo ke lp bed s ince L977,  and in  the San

Ono f re  ke lp  bed  s ince  1981 .

Comparisons With Other Kelp Forests

The species we studied are character is t ic  o f  ke lp beds in  southern

Cal i forn ia.  This  asser t ion is  based largely  on personal  observat ions

and conversat icns wi th  other  workers,  but  a lso on a rev iew of  publ ished

papers and repor ts .  In  the context  o f  compar ing faunas,  i t  is

unfor tunate that  most  o f  these papers repor t  e i ther  the resul ts  of

quant i ta t ive work done on a subset  o f  the taxa we sampled,  or  o f  less

quant i ta t ive descr ip t ions of  ent i re  communi t ies.  An except ion j .s  the

study of  a  ke lp bed near  Del  Mar,  Cal i forn ia (approx imate ly  70

k i lometers south of  SONGS) conducted f rom July  L967 to February L973

(Rosen tha l ' e t  aL  L974)  .

These invest igators sampled L4 species of  conspicuous

macro inver tebrates in  95 1-rn2 quadrats  in  August  Lg72.  In  addi t ion,

so l i t a ry  tun i ca tes ,  S tye la  mon te reyens i s ,  and  go rgon ian  co ra IS ,
c

Muricea cali fornj lq4, were sampled in 12 4-m' quadrats approximately
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quar te r l y  f rom 1968  to  L972 .
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A major  d i f ference between the inver tebrate assemblage in  the De1

Mar bed and those in the beds near San Onofre was that the former was at

t imes dominated by the tub icu lous polychaete,  Diopatra ornata.

Diopatra was at f irst uncommon, but eventually became the most abundant

inver tebrate in  the bed.  This  species in f luenced the phys ica l

s t ructure and very l ike ly  the dynamics of  th is  bed,  s ince in  one

instance i t  covered 25-307"  of  a  sampl ing area.  Diopatra occurred,  but

were uncommon in the three beds sampled in our surveys. The abundances

of  whi te  sea urch ins and the predatory snai l ,  Kel le t ia  ke l le t i i ,  a lso

di f fered between De1 Mar and the ke lp beds near  SONGS. Whi te urch ins

occurred at  a l l  o f  the s i tes sampled in  our  surveys,  and were most

abundant  in  the San Onofre ke lp bed,  but  were not  present  at  DeI  Mar.

Kel le t ia  were equal ly  abundant  at  Del  Mar and in  the Barn ke lp bed,  but

were about f ive t imes more abundant at the other beds surrounding SONGS.

Gorgonian populations at Del Mar were much larger than in the San Onofre

kelp bed,  buE are only  one-seventh to  one- th i rd  the s ize of  populat ions

in the San Mateo and Barn kelp beds.

Of  the d i f ferences observed in  the inver tebrate assemblages of  the

di f ferent  beds,  two are of  c lear  ecologica l  impor tance.  The San Mateo,

Barn, and Del Mar kelp beds had much larger popul.ations of gorgonians

than the San Onofre ke lp bed ' .  This  probably  ref lects  d i f ferences in  the

s tab i l i t y  o f  subs t ra tes .  The  De l  Mar ,  San  Ma teo ,  and  Barn  ke lp  beds

occur  on shale or  boulder  reefs ,  whereas the San Onofre bed is

essen t i a l l y  a  cobb le  f i e ld  i n te rspe rsed  w i th  sand .  The re fo re ,  a t  San

Onofre the hard substrates are more prone to being turned and tumbled

dur ing per iods of  s t rong wave surge,  and are subject  to  per iod ic ,  and

of ten extensive,  bur ia l .  Thus,  the f i rs t  three beds are probably  much
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m o r e  s t a b l e  o v e r  t i m e  f o r  r o c k y  b o t t o m  o r g a n i s m s ,  w h i c h  i s  r e f l e c t e d  i n

the  pa t te rns  o f  the  d is t r ibu t ion  and abundance o f  the  longevous

g o r g o n i a n  c o r a l s .

D i f fe rences  in  u rch in  popu la t ions  among the  beds  are  a lso

important.  Urchins were more abundant at the beds surrounding SONGS

than they  were  a t  DeI  Mar ,  and behaved d i f fe ren t ly .  The sea urch ins  in

the De1 Mar bed apparent ly ate dr i f t  algae, and in any case there was no

evidence that sea urchin grazing l imited the distr ibut ion and abundance

of  ke lp  (Rosentha l  e t  a l  L974) .  In  cont ras t ,  our  coopera t ive  work  w i th

Tom Dean (KEP) has shown that white urchins may l imit  the recruiLment of

ke lp ,  and tha t  red  urch ins  have e l im ina ted  adu l t  ke lp  in  por t ions  o f  the

S a n  O n o f r e  k e l p  b e d  ( D e a n  e t  a l  1 9 8 4 ) .

Although comparisons among the beds reveal c lear and important

d i f f e r e n c e s ,  t h e  s a m e  s p e c i e s  g e n e r a l l y  o e c u r  i n  a l l  o f  t h e m .  M o s t  o f

the  spec ies  regarded as  charac ter is t i c  by  Rosentha l  e t  a1  (L974)  were

also common in the kelp beds near SONGS and were included in this study.
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FIELD METHODS:  SURVEYS OF BENTHIC INVERTEBRATES

Station Location and Configuration

The studies repor ted here were done in  ke lp forests  in  nor thern San

D iego  Coun ty ,  Ca l i f o rn ia  (F igu re  1 ) .  Fou r  mon i to r i ng  s ta t i ons  were

es tab l i shed  i n  Fa I l  1980 .  The  s i t e  nea res t  t he  Un i t s  2  and  3  d i f f use rs

was in  the upcoast ,  o f fshore por t ion of  the San Onofre ke lp bed (F igure

2 ,  SOKU) .  A  second  s ta t i on  nea r  the  d i f f use rs  was  l oca ted  i n  t he

downcoast ,  o f fshore por t ion of  the San Onofre ke lp bed at  approx imate ly

the  same dep th  (SOKD) .  D is tan t  con t ro l  s i t es  were  l oca ted  i n  t he  San

l" la teo ke lp bed (F igure 3,  SMK),  and in  the Barn ke lp bed (F ieure 4,  BK).

The locat ion of  SOKU was chosen to be wi th in  the area predic ted to

be  mos t  a f fec ted  by  the  ope ra t i on  o f  Un i t s  2  and  3 .  Mos t  o f  t he  s ta t i ons

were placed in about the same depth of water in what appeared to be

persistent areas of kelp. BK and SMK hrere thought to be far enough away

from SONGS so as not  to  be af fected by the d ischarged cool ing water .  A11

stat i .ons were located on hard substrates at  least  10 meters f rom the

nearest  sand p la in .

The g iant  ke lp populat ion at  the Barn ke lp s i te  dec l ined

throughout  1980,  and had essent ia l ly  d isappeared by the end of  the year .

Giant  ke lp was st i1 l  not  present  at  our  s tudy s i te  in  BK at  the t ime of

our  last  survey.  The caL:se of  the d ie-of f  is  not  known,  but  we have

speeulated that  i t  was due to  increased sedimentat ion .dur ' ing L978-  1980

(D ixon  e t  a l  1988  )  .

Each stat ion consis ted of  a  sur face buoy anchored by a meta l  p la te

which marked the or ig in  of  four  40-n t ransects  (or iented at  0350 ,  !25o,

2L5o,  and 3050) .  The t ransects  were marked wi th  l /4- inch s teel
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re in forc ing bar  s takes.  Ten permanent  I -m2 quadrats  were posi t ioned

every  4  me te rs  a long  each  t ransec t  (F ieu re  5 ) .  A  desc r ip t i on  o f  t he

nearshore oceanographic  condi t ions in  nor thern San Diego County and of

the cool ing system for  the power p lant  is  presented in  Dixon et  a l

( l e88 ) .

Sampl ing Frequencv

Surveys were conducted every 2-4 months from November 1980 to

Apr i l  1983,  approx imate ly  semiannual ly  f rom Apr i l  1983 to November

1984,  and every 2-4 months f rom November L984 to December 1986.  Twenty-

two surveys were done (Table 1) .  Survey 1 was not  used for  the analys is

because methods were s t i l l  be ing developed and f ie ld  technic ians were

s t i l 1  be ing  t ra ined .

T ra in ing

Training rl ives were made before al l  but one survey. Training was

done at  SMK, which was considered the most  d i f f icu l t  s ta t ion due to  h igh

diversity and abundance. Several- quadrats were randomly chosen from

the sampling array, and were sampled by each diver. The results were

used immediate ly  to  s tandard ize the surveys.  Af ter  the t ra in ing d ive,

counts were compared to  those of  the f ie ld  leader ,  sampl ing techniques

discussed,  and another  set  o f  quadrats  was sarnpled.  This  was repeated

two or  three t imes,  in  order  to  insure that  a l l  d ivers were sampl ing in

the same manner.
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Samp l ing

The species of  an imals and p lants  that  were counted are l is ted in

Tab le  2 .  (No te  Lha t  t he  ba t  s ta r ,  As te r i n tm in ia ta ,  i s  re fe r red  to  by

i t s  o ld  name,  Pa t i r i a ,  i n  t he  res t  o f  t h i s  repo r t . )  Twe lve  spec ies  o f

sna i l s  were  added  to  the  l i s t  l a te  i n  t he  p reopera t i ona l  pe r iod .  These

were not  sampled in  the ear ly  surveys because of  lack of  resources.

La te r  when  we  were  ab le  to  emp loy  a  s tab le  g roup  o f  f i e l d  ass i s tan ts ,  we

increased the number of  species counted.  In  order  to  avoid d is turb ing

the  sess i l e  spec ies ,  t he  quadra ts  were  samp led  non -des t ruc t i ve l y i  i . e . ,

on ly  those animals on the sur face of  the substrate were counted.

Animals which could escape out  o f  the quadrat  were counted f i rs t ;  those

which crawled in to the quadrat  a f ter  the eensus began were not  counted.

Giant  ke lp and other  a lgae were counted,  but  the methods and resul ts  are

repo r ted  e l sewhere  (Sch roe te r  e t  a l  1988a) .

The percent  cover  of  se lected substrates was est imated by not ing

the s ize and type of  subst rate under  15 uni formly d is t r ibuted points

w i th in  each  quadra t .  The  ca tego r ies  o f  subs t ra te  were  " s i1 t r "  sand ,

pebb le ,  cobb le ,  bou lde r ,  ree f ,  and  bed rock .  I n  add i t i on ,  t he  pe rcen t

cove rs  o f  l i ve  Mac rocys t i s  ho ld fas t ,  dead  Macrocys t i s  ho ld fas t ,  and  the

co lon ia l  po l ychae te ,  Ph ragmatopoma ca l i f o rn i ca ,  were  es t ima ted .

Subs t ra te  ca tego r ies  were  based  on  the i r  g rea tes t ' d iamete r .  Pebb les

were  l -5  em.  Cobb le  was  reco rded ,  i n  t h ree  c lasses  (6 -10  cm,  11 -20  cm,

and  21 -30  cm) ,  as  we re  bou lde rs '  ( 31 -40  cm,  41 -50  cm,  and  >50  cm) .  The

subs t ra te  ca tego r ies  co r responded  c lose l y  to  those  o f  t he  Wen twor th

sca le  (Tab1e  3 ) .

"S i1 t "  was  no t  reco rded  un t i l  Oc tobe r  1985 ,  when  a  f i ne ,  cohes i ve

sof t  sediment  was f i rs t  noted at  our  s tudy s i tes in  the San Onofre ke lp
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f o res t .  Obv ious l y ,  a  d i ve r  i n  t he  f i e ld  cou ld  no t  d i s t i ngu i sh

accurate ly  between very f ine sand and s i l t .  However ,  most  sands found

wi th in  the ke lp beds were coarse,  and the substrates normal ly

character ized as s i l t  in  the f ie ld  turned out  to  have a median phi  near

4 .0 ,  and  a  d i spe rs ion  o f  abou t  I  when  ana lyzed  i n  the  l abo ra to ry .

Beginni -ng in  I985,  patches of  th is  f ine mater ia l  were per iod ica l ly

mapped in  the f ie ld ,  and samples were co l lected for  laboratory

analys is .  Gra in s ize and Tota l  Organic  Carbon (TOC) were determined.

These f ine sediments were nominal ly  character ized as "s i l t "  in  the

f ie1d,  and in  the context  o f  our  f ie ld  surveys the term is  used in  th is

repor t ,  despi te  the fact  that  some of  these f ine sediments would be

character ized as f ine sands us ing the s tandard Wentworth scale.
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FIELD METHODS:  KELP RECRUITMENT SURVEYS

Station Location and Configuration

Eleven to 15 s tat ions were sampled in  the San Mateo ke lp forest ,

and 24-44 stat ions were sampled at  San Onofre.  Stat ions were arrayed

more or  less uni formly in  the San Onofre and San Mateo ke lp beds (F igure

5 )  .  At  San Mateo a smal ler  ar ray was establ ished which only  covered

areas where ke lp had been most  pers is tent .

Sampl ing Frequencv

Surveys were conducted approximately quarterly beginning in

September 1981.  However ,  the durat ion of  the surveys and the t ime

between them var ied considerably  and i . r regu1ar1y,  depending on sea

condi t ions.  S ix teen surveys were completed between FaI1 1981 and Fa11

1985  (Tab le  4 ) .

Samp l ing

Two sampl ing protocols  were used dur ing the course of  the ke lp

recru i tment  s tudy.  From 1981 through 1983,  g iant  ke lp,  sea urch ins,  and

sea stars  were counted in  a s ing le 4-*2 quadrat  a long each of  three

transects  at  each stat ion.  The quadrats  were randomly Placed between 2

and 10 m a long t ransects  marked wi th  a 10-m tape.  The t ransects  were

la id  out  on random compass bear ings (F igure 7) .  The quadrats  were

samp led  des t ruc t i ve l y  du r ing  s tandard  su rveys i  i . e . ,  bou lde rs  and

cobbles were turned over  and pebbles carefu l ly  searched through,  in

order  not  to  over look crypt ic  organisms.  Dur ing the October  1981

t , ?
survey,  a  1-m'  quadrat  in  the corner  of  the 4-m'  guadrat  was f i rs t
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sampled nondestruct ive ly  in  the manner  descr ibed above for  the survey

of  benth ic  inver tebrates .

F rom 1984  th rough  1986 ,  f i ve  1 - *2  quadra ts  were  p laced  be tween  10

and 35 m a long a s ing le randomly or iented t ransect  (F igure 7) .  The

quadrats  were p laced at  random points  wi th in  5-m st rata and staggered,

wi th  two on one s ide of  the t ransect  and three on the other .  Three

quadrats  were sampled dest ruct ive ly  and two non-destruct ive ly .  Dur ing

the June 1986 survey, orr. I-*2 quadrat was sampled in the manner of the

survey of  benth ic  inver tebrates,  as had been done in  1981.
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DATA BASE MANAGEMENT

Upon complet ion of  a  f ie ld  survey,  data sheets were checked,  and

er ro rs ,  amb igu i t i es ,  o r  con fus ing  en t r i es  were  reso l ved  w i th  the  he lp

of  the sampler  who took the data.  Af ter  be ing checked,  the f ie ld  data

were t ranscr ibed onto keypunch sheets.  The keypunch sheets were

checked,  corrected,  and sent  to  Hi ro 's  Keypunch Serv ice.  Keypunch

personnel  were asked to ver i fy  a l l  data by punching i t  tw ice and

checking the second entry  against  the f i rs t .

A magnet ic  tape was received f rom the keypunch fac i l i ty ,  and the

data were downloaded by TITAN. A pr in tout  o f  the ent i re  data set  (by

survey)  was made,  and st rat i f ied random pages were chosen to check for

keypunch and t ranscr ip t ion errors .  Ten percent  o f  the data was checked

I ine by l ine.  I f  no errors  were found,  checking ceased.  I f  one ormore

errors were d iscovered (e i ther  keypunch or  t ranscr ip t ion errors) ,

another  10% of  the pages was checked.  This  procedure cont inued unt i l  no

errors were d iscovered.  A11 l ines of  smal l  data f i les wete checked.

Af ter  checking for  keypunch and t ranscr ip t ion errors ,  a

Stat is t ica l  Analys is  System (SAS) program was run on a l l  data sets  to

check for  dupl icate l ines,  and these data were e l iminated i f  oresent .

The SAS programs .used to check for  er rors  are inc luded in  the h is tory

sect icn of  each data base.  F: .na l1y,  the establ ishment  sof tware

described in the MRC Data Standards Document checked for outlying or

imposs ib le  va lues .  I f  no  e r ro rs  were  de tec ted ,  t he  da ta  base  was

es tab l i shed  as  an  o f f i c i a l  MRC da ta  base .

Af ter  data bases were establ ished,  personnel  o f  the Mar ine Review

Commit tee,  Inc.  randomly se lected 10 percent  or  300 records,  whichever
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was less.  These were checked against  the raw data.  We then resolved a l l

d i sc repanc ies  and  i den t i f i ed  e r ro rs .  The  e r ro r  ra te  fo r  ou r  da ta  bases

i s  l ess  than  one  pe rcen t .

The SAS programs used to construct  data bases which were used in

th is  repor t  and the programs for  the analyses and construct ion of  the

Tables and Figures are shown in  Appendix  B.  The actual  code is

conta ined in  f i les on our  pro ject  sof tware d isk and is  avai lab le to  a l l

who have access to  the MRC computer  system.
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ANALYSIS

Th is  s tudy  was  des igned  w i th  the  Be fo re -A f te r /Con t ro l - Impac t -

Pai rs  (BACIP) analys is  in  mind.  The basic  des ign and the development  of

the analy t ic  f ramework are presented by Stewart -Oaten ( f985)  and

Stewar t -Oa ten  e t  a I  (1986) .  Th i s  expe r imen ta l  des ign  requ i res  tha t

repl icate surveys be conducted dur ing roughly  equal  in terva ls  before

and af ter  the envi ronmenta l  per turbat ion of  in terest ,  which in  the

present  case is  the commencement  of  the normal ,  susta ined operat ion of

SONGS Uni ts  2 and 3.  From the spr ing of  1980 through the spr ing of  1983,

the pumps for  one or  both of  the new generat ing uni ts  were being tested,

but  no power was generated unt i l  FaI I  1982 (F igures 8 and 9) .  S ince May

1983,  Uni ts  2 and 3 have been operat ing at  the level  that  is  expected to

be normal .  For  the benth ic  survey,  the per iod f rom October  1980 through

Apr i l  1983 is  considered "preoperat ional .  "  S ince the species we were

moni tor ing tend to  be long- l ived and to  recru i t  sporadica l ly ,  w€

thought  there should be a t ime lag between the s tar t  o f  normal  p lant

operation and the beginning of our operational surveys. We have

designated surveys made af ter  October  1984 as "operat ional . "  The

per iod f rom Apr i l  1983 to October  1984 r , ras designated the " in ter im"

per iod,  sampl ing f requency was halved,  and data co l lected dur ing the

two surveys in  th is  per iod were not  used in  the BACIP analys is .

In  order  to  obta in an accurate est imate of  the mean at  each survey,

repl icate spat ia l  samples were taken at  each impact  and contro l

locat ion at  about  the same t ime.  For  each sun/ey the d i f ference,  or

del ta ,  between the mean abundance est imates at  the impact  and contro l

s i t es  was  ca l cu la ted .  Fo r  t he  j t h  su rvey :
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D.  =  Y . .  -  Y .-  
i  

- j  inpact  ^ j  contro l

Under  the nul l  hypothesis ,  one would expect  that  the average del ta  in

the operat ional  per iod would not  d i f fer  s ign i f icant ly  f rom that  in  the

p reopera t i ona l  pe r iod .  We tes ted  the  nu11  hypo thes i s  w i th  a  t - t es t  and

a Wi lcoxon rank sum test  (Snedecor  and Cochran L967) .  The a l ternat ive

hypothesis  was s imply  that  the "Before"  and "Af ter"  de l tas d i f fered

since we had no a pr ior i  expectat ions concern ing the s ign of  any p lant

e f fec ts .  The re fo re .  two - ta i l ed  tes ts  were  used  i n  a l l  t he  ana lyses .

The t - test  is  based on the fo l lowing assumpt ions regard ing the

de l tas :  l )  E f fec ts  a re  add i t i ve ;2 )  The  samp les  i n  t he  be fo re  pe r iod

are drawn from the same population and have a common mean; 3 )

Observations are independent; 4) Observations are drawn from the same

dist r ibut ion i  5)  Observat ions are normal ly  d is t r ibuted;  and 6)

Var iances in  the two t reatments are equal .  For  equal  or  near ly  equal

samp le  s i zes ,  v io la t i ons  o f  t he  l as t  t h ree  assumpt ions  have  l i t t l e

e f f ec r  on  t he  t - t es t  (C lass  e t  a l  L972 ;  S tewar t -Oa ten  1986 ) ,  and  w i l l

not  be d iscussed here.  The f i rs t  three assumpt ions,  on the other  hand,

are very important.

The preoperat ional  data were tested for  addi t iv i ty  us ing Tukey 's

test  and,  where necessary,  log t ransformat ions were used to produce

addi t iv i ty .  In  the cas. :  o f  densi ty  est i .mates,  the sPat ia l -  rep l icates

were averaged at each location and then transformed, using logarithms

o f  t he  fo rm Y  =  l oBr ' ( x  +  c )  a f te r  cases  o f  ze ros  a t  bo th  impac t  and

contro l  were deleted.  Est imates of  percent  cover  were f i rs t

transformed using the angular transformation (Snedecor and Cochran

L967)  in  order  to  normal ize the data,  and then subjeeted to  a log
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t r ans fo rma t ion ,  i f  necessa ry ,  t o  p roduce  add i t i v i t y .  Adequa te

t rans fo rma t ions  were  found  fo r  mos t  spec ies .  A  cons tan t ,  c ,  was  added

before tak ing logs i f  the mean densi ty  was occasional ly  zero at  one of

the  s ta t i ons .  Two  cons tan ts  were  used ,  1  and  I / n ,  wheren  i s  t henumber

o f  quadra ts  samp led .

Af ter  test ing for  addi t iv i ty ,  we examined the preoperat ional  data

for  tempora l  t rends by p lot t ing the del tas against  t ime and by doing

regress ion analyses.  I f  there vrere no s ign i f icant  t rends,  we assumed

that  a l l  the preoperat ional  de l tas were f rom the same stat is t ica l

popu la t i on .

Posi t ive ser ia l  corre la t ions in  the data resul t  in  underest imates

of  the t rue error  var iance of  the del tas,  and hence wrongly  increase the

chance of  f ind ing a s tat is t ica l ly  s ign i f icant  BACIP resul t .  We tested

for  ser ia l  corre la t ions wi th  the Von Neuman test ,  and in  most  cases

found no s ign i f icant  ser ia l  corre la t ions.  However ,  i t  must  be noted

tha t  because  o f  sma l l  samp le  s i ze  (n  <10 ) ,  t he  power  to  de tec t  such

co r re la t i ons  i s  genera l l y  sma l1 .  One  so lu t i on  to  the  p rob lem o f  se r i a l

core lat ions is  to  conduct  an analys is  which expl ic i t ly  est imates the

au toco r re la ted  e r ro rs .  We  e lec ted  no t  t o  do  th i s ,  aga in  because  o f

smal l  sample s ize,  and instead per formed the s tandard BACIP analys is ,

wj . th  a ca.ut ionary note in  cases wi th  s ign i f icant  resul ts .

.  Ser .era l  screens were wr i t ten i : . to  the computer  programs used i r r

t he  s ta l i s t i ca l  ana lys i s .  F i r s t ,  we  se lec ted  those  spec ies  wh ich  were

present  and counted at  both the impact  and contro l  s i tes dur ing at  least

two preoperational surveys and which had a mean abundance at one of the

stat ions in  the San Onofre ke lp forest  o f  a t  least  1  /  l0-m2 on at  least

one occasion dur ing the s ix  years of  observat ions (Tab1e 5) .  That  is
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equiva lent  to  four  an imals at  one of  the s tat ions on a survey.  The

spec ies  tha t  passed  these  sc r i rens  were  then  sub jec ted  to  tes ts  o f  t he

assumpt ions under ly ing the BACIP analys is .  Only  those species for

wh i ch  P  >=  0 .10  f o r  add i t i v i t y ,  P  >  0 .05  f o r se r i a l  co r re l a t i on ,  andP  >

0.05 for  l inear  t rends in  the preoperat ional  per iod were analyzed for

Be fo re -A f te r  d i f f e rences  i n  t he  de l tas .  F requen t l y ,  more  than  ond

transformat ion of  the data passed the tests  we imposed.  This  would not

be cause for  comment  were i t  not  for  the fact  thar  d i f ferent

t rans fo rma t ions  o f ten  p roduce  d i f f e ren t  resu l t s  o f  t he  t - t es t .  I n

o rde r  t o  ob jec t i ve l y  se lec t  a  t rans fo rma t ion ,  w€  passed  the  da ta

through one more computer  screen.  We selected the t ransformat ion that

re tu rned  the  l a rges t  P -va lue  fo r  add i t i v i t y ,  un less  Padd  >  0 .50  fo r  more

than one t ransformat ion.  In  that  event ,  we chose the t ransformat ion

which h"d Padd > 0.50 and the largest  P-value for  a  l inear  t rend.  The

unscreened resul ts  of  the tests  of  assumpt ions are presented in

Appendix  A.

Effects of Perturbations Unrelated to SONGS

Toward the end of the study, a front of grazing red and purple sea

urchins began moving across the contro l  s ta t ion at  SMK. By the last

survey about  ha l f  the quadrats  had been gtazed.  In  order  to  test

whether  any of  the species had been af fected by the act iv i t ies of  the

urchins in the front, w€. compared, quadrats that had .been grazed with

those that  had not .  Div id ing the quadrats  in to these two categor ies was

a st ra ight forward procedure,  because we could eas i ly  te l l  where the

front had been and were able to observe its movement. After dividing

the data in to af fected and unaf fected quadrats ,  we made temPoral  p lo ts
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of  abundance by category to  see i f  there were obvious d i f ferences.  We

also ass igned surveys to  a "Before"  or  "Af ter"  per iod,  depending on when

they were conducted re la t ive to  the appearance of  the urch in f ront .

Then wi th  the unaf fected quadrats  as "Contro l "  and the af fected

quadra ts  as  " Impac t , "  we  d id  a  BACIP  ana lys i s .

The arr iva l  o f  the urch in f ront  a t  the contro l  s i te  is  obv ious by

the sudden increase in  the densi ty  of  red and purp le sea urch ins (F igure

10A and B) .  In  the present  context ,  changes caused by the urch in f ront

are only  of  in terest  i f  they af fect  the ut i l i ty  o f  the contro l .  The

fo l l ow ing  spec ies  may  have  been  a f fec ted  ( tab le  6 ;  F igu res  11 -13 ) :

As t raea  undosa ,  Cyp raea  spad icea ,  Nassa r ius  spp . ,  C rass i sp i ra

semi in f la ta,  Pat i r ia  min iata,  and Stye la montereyensis .  Rather  than

make a judgment  for  each species as to  whether  i t  was af fected by

u rch ins  (o r  s i l t  -  see  be low) ,  we  ran  the  ana lyses  tw ice ,  once  us ing

means ca lcu lated f rom al l  quadrats  and once wi th  means ca lcu lated f rom

una f fec ted  quadra ts .

During the course of our study there occurred two other events

which were a lso c lear ly  unre lated to  the operat ion of  SONGS but  which

couid cause per iod by locat ion in teract ions in  the abundance of  some

ech inoderm spec ies .  I n  1981 ,  and  espec ia l l y  i n  1983  and  L984 ,  a  se r ies

of  'ep. ' i .zoot ics s imi lar  to  the episode observed in  Baja,  Cal i forn ia

(Dungan  e t  a1  1982) ,  v i r t ua l l y  e l im ina ted  sha l l ow  wa te r  sea  s ta r

populat ions in  the southern Cal i forn ia Bight  (Tegner  and Dayton 1987) .

Since in i t ia l  densi t ies were much lower at  the contro l  s i te  in  SMK, the

absolute change was a lso lower there.  A second per turbat ion which was

unre lated to  SONGS was the commerc ia l  harvest ing of  red sea urch ins.

Red urchins were init ial ly more abundant at the control site in the San
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Mateo ke lp forest  than in  the San Onofre ke lp forest .  Harvest ing was

heaviest  dur ing the in ter im per iod.  By la te L984,  f ishermen could no

longer  f ind suf f ic ient ly  dense populat ions in  SOK to make harvest ing

economica l l y  f eas ib le .  However ,  dense  popu la t i ons  were  s t i l l  f ound  a t

SMK, a l though the roe were of  poor  qual i ty .  We have not  inc luded sea

stars or  red urch ins in  our  analys is  because of  these severe

per turbat ions.  The other  species we counted were subjected to  the

computer  screens descr ibed above and then analyzed us ing the BACIP

approach.

Evidence of an Effect of the Power Plant

The BACIP analys is  ident i f ies s ign i f icant  operat ing per iod by

locat ion in teract ions.  I t  is  a  test  o f  whether  the average d i f ference

in the abundance of organisms at the control and impact sites changed

af ter  Uni ts  2 and 3 began operat ing.  The BACIP analys is  is  not  a  d i rect

test  o f  whether  SONGS af fected the b iota,  a l though that  may wel l  be a

reasonab le  i n fe rence  i n  the  case  o f  a  s ta t i s t i ca l l y  s ign i f i can t  resu l t .

Such an in ference is  great ly  s t rengthened i f  there are p laus ib le

mechanisms by which SONGS could produce the observed changes, and

weakened by the ex is tence of  probable ext raneous causes.

Dur ing the operat ional  per iod there was a marked increase in  s i l ts

and f ine sands at , the impact  s i te  and surrounding areas.  Because

changes in  substrate could reasonably  be expected to '  a f fect  the

abundance of benthic animals, the origin of the sediment and the cause

of  i ts  deposi t ion in  the ke lp forest  immediate ly  became topics of

inqui ry .  On the one hand,  i t  is  o f  in terest  as a poss ib ly  confounding

var iab le.  On the other  hand,  i t  is  o f  concern because i t  may be a resul t

o f  the operat ion of  SONGS.
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In  the context  o f  our  moni tor ing s tudies,  there is  no thoroughly

sa t i s fac to ry  way  o f  dea l i ng  w i th  the  p rob lem,  because  the re  i s  no  way  to

comp le te l y  i so la te  the  e f fec ts  o f  sed imen ts  f rom poss ib le  e f fec ts  o f

SONGS wh ich  a re  no t  d i rec t l y  re la ted  to  sed imen ts .  Our  so lu t i on  to  the

p rob lem was  to  tes t  f o r  ope ra t i ng  pe r iod  by  l oca t i on  i n te rac t i ons

twice -  once us ing a l l  the data,  and once us ing only  data f rom quadrats

that  appeared to  be unaf fected by the in f lux of  f ine sediments.  In

addi t ion,  we d i rect ly  tested for  e f fects  of  the sediments at  the impact

s i te  by compar ing af fected and unaf fected quadrats ,  This  has the

advantage of  contro l l ing for  unre lated SONGS ef fects  because the

guadra ts  a re  c lose  to  one  ano the r  (a11  w i th in  an  80 -m x  80 -m a rea ) .  0n

the other  hand,  the determinat ion of  which quadrats  were af fected by

s i l t  a t  SOKU i s  no t  c lea rcu t ,  because  the  pos i t i on  o f  t he  s i l t  changed

somewhat  f rom survey to  survey.  We def ined af fected quadrats  as those

which had at  least  25 percent  cover  of  s i l t  on any survey.  Twenty- f ive

percent  was chosen as the cutof f ,  because i t  was our  impress ion that

when there was less cover, the sediment was generally a thin layer and

less  s tab le .  I f  t h i s  impress ion  i s  accu ra te ,  t he  ana lys i s  i s  t es t i ng

fo r  t he  e f fec ts  o f  re la t i ve l y  pe rs i s ten t  s i l t  depos i t s ,  bu t  no t

necessa r i l y  f o r  t he  e f fec ts  o f  b r i e f  i n f l uxes  o f  t h in  l aye rs  o f  s i I t .

Generali tv of the Population Estimates

In order  to  see how representat ive of  the impact  and contro l  areas

our  moni tor ing s tat ions were,  we compared the est imates of  densi ty  at

the benth ic  moni tor ing s tat ions wi th  the est imates f rom the surrounding
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ke lp  rec ru i tmen t  s ta t i ons  us ing  t - t es t s .

s ta t i ons  i n  each  a rea  va r ied  as  fo l l ows :

1981

The number of recruitment

198  5

SOKU
SOKD

SMK

o

6
5

9
6
8
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RESULTS

Effect of  Si l t  Accumulat ion

The in f luxo f  s i l t  a t  SOKU is  apparent  in  F igure  14 .  The quadra ts

tha t  accumula ted  s i l t  must  have d i f fe red  f rom the  o thers  in  depth  or

bo t tom topography ,  because the  cover  o f  sand was a lmost  a lways  l0  o r  15

percent  h igher  be fore  the  appearance o f  the  f iner  sed iment  (F igure

r4B) .

None of  the species we moni tored showed s ign i f icant  increases

where s i l t  accumulated.  This  is  not  surpr is ing,  s ince near ly  a l l  o f

them are usual ly  found associated wi th  hard substrates.  0n the other

hand,  the densi ty  of  severa l  species decl ined where s i l t  was abundant

(Tab le  7 ) .  I n  t he  case  o f  t he  p reda to ry  sna i l s ,  Ke l l e t i a  ke l l e t i i

(F igu re  15A) ,  Maxwe l l i a  gemma (F igu re  168 ) ,  and  the  sea  s ta r ,  Pa t i r i a

min ia ta  (F igure  l5A) ,  the  dee l ine  in  the  a f fec ted  quadra ts  seems to  be

an ef fect  o f  the added s i l t .  The snai l ,  F lurex ie l la  s .antarosana (F igure

l5B) ,  and  the  sponge ,  Te thya  au ran t i a  (F igu re  l 7A) ,  a l so  dec l i ned  i n the

af fected quadrats  re la t ive to  contro ls ,  and the BACIP tests  were

s igni f icant .  However ,  the resul ts  are somewhat  less convinc ing because

both species decl ined in  the contro l  quadrats .  One other  species

appears to  have been adversely  af fected by the accumulat ion of  s i l t  a t

SOKU. The whi te  sea urch in,  Lytechinus anamesus,  dec l ined sharp ly  in

densi ty  where s i l t  was abundant  (F igure 178) .  BACIP tests  could not  be

done because changes pr ior  to  the appearance of  the s i l t  were not

add i t i ve .

I t  seems obvious that  accumulat ions of  f ine sediments are

deleter ious to  animals that  prefer  hard substrates,  as do most  of  the
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spec ies  we  mon i to red .  Pe r iod i c  i n f l uxes  o f  sand  a re  no rma l  even ts  i n

kelp beds and may contr ibute to  communi ty  s tab i l i ty  by c lear ing space.

However ,  a  per :s is tent  increase in  the percent  cover  of  sand and s i l t

would undoubtedly  change communi ty  composi t ion.  In  order  to  evaluate

the s ign i f icance of  the changes we observed at  SOKU, one needs to  know

i f  the increase in  s i l t  is  a  natura l  event  or  i f  i t  is  a  funcEion of  the

operat ion of  SONGS Uni ts  2 and 3.

There have been severa l  s tud ies designed to determine the

dis t r ibut ion and character is t ies of  the cohesive sof t  sediments that

appeared at  SOK. Dur ing the course of  our  moni tor ing s tudies of  benth ic

inver tebrates and ke lp recru i ts ,  the percent  cover  of  s i l t  was

es t ima ted .  I n  add i t i on ,  i n  Oc tobe r  L985  and  aga in  i n  Ju l y -Augus t  L987 ,

we col lected sediments for  laboratory analys is  at  about  60 s i tes in  a

uni form gr id  that  inc luded the San Onofre ke lp forest .  F ina l ly , .  in

December 1986 and in  September-October  1987,  we est imated the percent

cove r  o f  s i l t  i n  l -m2  quadra ts ,  and  the  cove r  o f  a lgae  and  sess i l e

inver tebrates on random boulders at  about  25 s i tes located a long two

t ransec ts  pe rpend icu la r  t o  t he  d i f f use r  l i nes .

In  the laboratory,  sediments were subjected to  gra in s ize

analys is ,  and to ta l  organic  carbon was determined.  A subset  o f  the

sediment samples and samples from the lay-down pad at the SONGS

cons t ruc t i on  s i t e  were  ana lyzed  fo r  m ine ra l  con ten t .  The  Iay -do tn  pad

was re leased between la te Deeember L984 and ear ly  January 1985,  and i t

i s  poss ib le  tha t  i t  was  the  sou rce  o f  some o f  t he  f i ne  ma te r ia l s  l a te r

obse rved  i n  the  ke lp  fo res t .

The resul ts  of  these var ious s tudies are s t iL l  be ing analyzed and

w i l l  be  repo r ted  under  separa te  cove r  (Sch roe te r  1988) .  However ,  we

wi l l  g ive a br ie f  prev iew here:
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I .  A th ick deposi t  o f  cohesive,  f ine sediments appeared at  the

upcoas t  impac t  s i t e  i n  1985 ,  and  was  s t i l 1  p resen t  i n  Ju l y

1987 .

These sediments were general ly more abundant near the

d i f f use rs  than  fa r the r  away  (F igu res  18 -20 ) ,  and  th i ck

deposi ts  were observed in  the upcoast  par t  o f  the ke lp

fo res t .

This  cohesive sediment  was f iner  and h igher  in  to ta l  organic

carbon than the other  sof t  sediments in  the ke lp forest .

The percent cover of algae on boulders was lower near the

di f fusers than far ther  downcoast ,  and was s ign i f icant ly

negat ive ly  corre lated wi th  the percent  cover  of  the cohesive

sediment .

Operating Period by Location Interactions

Dur ing the course of  our  s tudy of  benth ic  inver tebrates,  w€

monitored the abundance o spec ies .  0 f  t hese ,  19  passed  the  va r ious

s taE is t i ca l  sc reens ,  and  the  da ta  fo r  t hese  spec ies  were  sub jec ted  to

the BACIP test  for  an operat ing per iod by locat ion in teract ion.

Gastropod Mollusks

?he pattern that is most apparent and convincing is a general

dec l ine in  the abundance of  gast ropod mo-1" lusks at  the impact  s i te  in  the

uPcoast  por t ion of  the San Onofre ke lp forest  re la t ive to  the d is tant

con t ro l  s i t es  (Tab les  8  and  9 ;  F i gu res  24 -69 ) .

2.

3 .

4 .
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Catl iostomasPp .

These t rochid gast ropods (F igures 2L-24)  are omnivores that  are

of ten found on g iant  ke lp and other  a lgae in  ke lp forests .  The animals

inc luded in  th is  category are most ly  Cal l iostorna supragranosum, but

a lso some _9.  g lor iosum and an occasional  g .  annulatum. T imothy

Herr l inger  (personal  communicat ion)  est imated that  about  75% of  these

snai ls  were C.  supragranosum. Cal l iostoma was only  sampled twice

dur ing the preoperat ional  per iod.  In i t ia l ly ,  i t  was most  abundant  at

the impact  s i te ,  but  dec l ined throughout  the in ter im per iod,  whereas

populat ions at  the contro l  s i tes increased somewhat  (F igures 21 and

23) .  The pat terns were essent ia l ly  the same whether  a l l  the data vras

used or  on ly  data f rom quadrats  unaf fected by s i l t  or  urch ins.  The

changes in  densi ty  resul ted in  s ign i f icant  d i f ferences in  the del tas

for  the two operat ing per iods (Tables 8 and 9;  F igures 22 and 24) .

Tegu la aureotincta

The pat tern for  Tegula aureot incta is  s imi lar  to  that  o f

Cal l iostoma in  that  in i t ia l  densi t ies were h ighest  a t  the impact  s i te

and c lose to  zero e lsewhere (F igures 25 and 27) .  The pat terns were

s imi lar  for  both types of  quadrats ;  At  the impact  s i te  the densi ty

declined and remained 1ow, whereas the control populations showed

modest  increases.  This  resul ted in  dec l ' r -nes in  the del tas (F igures 26

and28) ,  bu t  t hed i f f e rence  i n  the  "be fo re "  and  "a f te r "  de l tas  was  on l y

s ign i f icant  for  the SMK compar ison (Tables 8 and 9) .
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CVpraea spadicea

Cypraea spadicea occurred in  1ow numbers at  a l l  four  moni tor ing

s ta t i ons  th roughou t  t he  p reopera t i ona l  pe r iod  (F igu res  29  and  3 l ) .  I n

the operat ional  per iod there was a marked increase in  the San Mateo ke lp

fo res t ,  bu t  no t  e l sewhere .  I n  f ac t ,  t he re  was  a  dec rease  a t  Ba rn  ke lp

where densi t ies had been h ighest .  These changes are ref lected in

s ign i f icant  changes in  the del tas for  compar isons between the impact

s ta t i onand  one  (Tab le  8 ;  F i gu re  30 )  o rbo th  (Tab le  9 ;  F i gu re  32 )  o f  t he

dis tant  contro ls .  There vras no s ign i f icant  change in  the del tas when

the two SOK stat ions were compared.  The lack of  recru i tment  at  SOK

re la t i ve  to  SMK i s  sugges t i ve ,  bu t  one  hes i ta tes  to  asc r i be  the  cause  to

SONGS wi thout  addi t ional  ev idence,  s ince there was a marked decl ine and

1i t t1e subsequent  recru i tment  at  BK.

Conus ca l i forn icus

Conus ca l i forn l lgs (F igures 33-36)  is  a  predatory snai l  that  is

of ten associated wi th  ke lp holdfasts ,  perhaps because that  is  the home

of  the i r  prey.  These common snai ls  were most  abundant  at  the s tat ions

in the San Onofre ke lp forest  dur ing the operat ional  per iod,  and wi th in

SOK, more abundant  at  SOKU (Figures 33 a: rd 35) .  Dur ing the operat j -onal

per iod,  populat ions in  SOK decl ined re la t ive to  those in  SMK and BK.

There apparent ly  was recru i tment  at  both d is tant  contro l  s i tes,  but  not

at  San Onofre.  Wi th in  SOK, the upcoast  populat ion decl ined re la t ive to

the  downcoas t  popu la t i on .

Al though there was a s t rong seasonal  component  to  the changes in

popu la t i on  dens i t i es ,  t h i s  was  genera l l y  ev iden t  a t  a l l  t he  s ta t i ons .

The re lat ive ly  larger  dec l ine at  the impact  s i te  dur ing the operat ional
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per iod  resu l ted  i n  sma l l e r  de l tas  fo r  a l l  compar i sons  (F igu res  34  and

36) .  The  d i f f e rences  i n  t he  ave rage  "be fo re "  and  "a f te r "  de l tas  were

s ign i f i can t  i n  each  case  (Tab les  8  and  9 ) .  The  pa t te rns  were

essen t i a l l y  t he  same rega rd less  o f  t he  p resence  o f  l a rge  quan t i t i es  o f

s i 1 t .

Crass isp i ra semi in f la ta

Crass i sp i ra  semi in f l a ta ,  occu r red  a t  re la t i ve l y  l ow  dens i t i es  a t

a l l  the s tat ions,  a l though i t  was most  abundant  in  SOK. Dur ing the

course of  our  observat ions the populat ion densi t ies have var ied widely

and asynchronously .  The populat ion at  the impact  s tat ion decl ined

sharp ly  dur ing the ear ly  in ter im per iod and then f luctuated about  a

lower mean densi ty .  At  the contro l  s i tes,  abundances stayed about  the

same or  increased.  These changes resul ted in  smal ler  average del tas

dur ing the operat ional  per iod (F igures 38 and 40) .  The d i f ferences were

s igni f icant  for  a l l  the compar isons us ing data f rom quadrats  that  were

unaf fected by s i l t  or  urch ins,  and s ign i f icant  for  the BK compar ison

us ing  a l l  t he  da ta  (Tab les  8  and  9 ) .

Kel le t ia  ke l le t i i

Kel le t ia  ke l le t i i  is  a  large predator  and scavenger  that  is  a

conspicuous member o. f  the fauna in  most  ke lp forests .  These snai ls  were

abundant  at  a l l  the moni tor ing s i tes dur ing the preoperat i .onal  per icC,

but  genera l ly  were more numerous at  San Onofre than e lsewhere (F igures

41  and  43 ) .  Th roughou t  t he  i n te r im  pe r iod ,  dens i t i es  dec l i ned  i n  bo th

areas of  the San Onofre ke lp bed re la t ive to  the d is tant  contro l  s i tes.

This  resul ted in  smal ler  average del tas dur ing the operat ional  per iod
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(F igures 42 and 44) .  The d i f ference in  the average del tas in  the two

operat ing per iods was s l ight  and not  s ign i f icant  for  the compar ison of

the  two  s ta t i ons  i n  SOK (Tab les  8  and  9 ) .  The  d i f f e rence  was

stat is t ica l ly  s ign i f icant  for  the SMK compar isons and for  the BK

compar i son  fo r  da ta  f rom a l l  quad ra ts  (Tab1es  8  and  9 ) .  A  s t r i k i ng

pat tern is  the sudden and ephemeral  dec l ine in  abundance est imates in

la te L982.  We suspect  that  the snai ls  were ptesent  but  crypt ic .  One

conjecture is  that  they bur ied themselves in  response to large swel ls .

Maxwel l ia  gemma

In  the  preopera t iona l  per iod ,  Maxwel l ia  genma was counted  tw ice .

At that  t ime i t  was present  at  low densi t ies at  the contro l  s ta t ions but

qui te  abundant  at  the impact  s i te  (F igures 45 and 47) .  I t  dec l ined at

the impact  s i te  dur ing the in ter im per iod and remained at  low densi t ies,

whereas the average abundances at  the contro l  s ta t ions increased.  The

pat tern was essent ia l ly  the same for  both groups of  quadrats .  These

shi f ts  in  densi ty  resul ted in  lower  average del tas dur ing the

operat ional  per iod (F igures 46 and 48 )  .  The operat ing per iod by

locat ion in teraet ion was s ign i f icant  for  a l l  compar isons (Tables 8 and

e).

Mitra i dae

Mi t ra  idae is 'a  re la t i ve ly  abundant  sna i l  tha t  was  genera l l y  more

numerous in  SOK than at  the contro l  s i tes.  Wi th in  SOK i ts  densi ty  was

highest  in  the upcoast  por t ion of  the bed.  Dur ing the operat ional

per iod,  the mean densi ty  of  Mi t ra  increased at  a l l  the moni tor ing

stat ions except  the impact  s tat ion in  upcoast  SOK, where i t  dec l ined
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s l ight ly  (F igures 49 and 51) .  The changes in  the re la t ive abundance at

the impact  s i te  resul ted in  lower  average del tas dur ing the operat ional

pe r iod  (F igu res  50  and  52 ) .  The  d i f f e rences  were  no t  s ign i f i can t  when

data f rom al l  quadrats  were used.  However ,  there was a negat ive t rend

in the del tas dur ing the operat ional  per iod for  the SMK and BK

compar isons which was s ign i f icant  for  the la t ter  (Table 8 )  .  When data

f rom quadrats  unaf fected by urch ins or  s i l ts  were analyzed,  the BACIP

resul ts  were s ign i f icant  for  both the SOKD and BK compar isons.

Murex ie l la  santarosana

The pat tern for  Murex ie l la  santarosana is  genera l ly  the same as

for  Maxwel l ia  gemma. The densi t ies at  the SOK stat ions decl ined dur ing

the interim period and remained low, whereas the abundances of these

sna i l s  i nc reased  a t  t he  d i s tan t  con t ro l  s i t es  (F igu res  53  and  55 ) .  As  a

resul t ,  the average del tas are smal ler  dur ing the operat ional  per iod

(Figures 54 and 56) .  However ,  the resul ts  of  the BACIP analys is  are

shor t  o f  s tat is t ica l  s ign i f icance for  a l l  but  the SOKD compar isons for

data f rom al l  quadrats  (Tables 8 and 9 )  .

N a s s a r i u s  s p p .

Nassar ius were genera l ly  more abundant  at  the s tat ions in  SOK than

elsewhere unt i l  the last  few surveys (F igures 57 and 59) .  The 1 'ag lerns

in the del tas are roughly  s imi lar  to  those of  the other  species of

snai ls  (F igures 58 and 60) ,  but  the d i f ferences in  the "before"  and

"af ter"  de l tas are not  s ign i f icant  for  any of  the compar isons (Tables 8

and  9 ) .
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Ophiodermel la  inermis

Like Nassar ius,  Ophiodermel la  inermis were only  counted twice

dur ing the preoperat ional  per iod.  These snai ls  were uncommon,  and

there was l i t t le  d i f ference in  densi ty  in  the preoperat ional  and

opera t i ona l  pe r iods  (F igu res  61  and  63 ) .  The re  were  no  s ign i f i can t

d i f ferences in  the average del tas of  the two operat ing per iods (Tables 8

and  9 ;  F i gu res  62  and  64 ) .

Pteropurpura fest iva

Pteropurpura  fes t i va  were  counted  tw ice  dur ing  the  preopera t iona l

per iod .  Dur ing  tha t  t ime they  occur red  a t  re la t i ve ly  low numbers  a t  the

d is tan t  con t ro l  s i tes  bu t  were  qu i te  abundant  in  the  San Onof re  ke lp

fo res t  (F igures  65  and 67) .  They  dec l ined a t  bo th  SOK s ta t i .ons  dur ing

the  in te r im per iod .  The average dens i ty  o f  popu la t ions  a t  SMK and BK

increased dur ing  the  "a f te r "  per iod .  The pa t te r r r  was  the  same fo r  da ta

f rom both  types  o f  quadra ts .  These changes in  dens i ty  resu l ted  in

smal le r  de l tas  dur ing  the  opera t iona l  per iod  fo r  compar isons  w i th  bo th

d is tan t  con t ro ls  (F igures  65  and 68  )  wh ich  were  a l l  s ta t i s t i ca l l y

s ign i f i can t  (Tab les  8  and 9) .  There  was no  s ign i f i can t  change in  the

S O K U - S O K D  d e l t a s .

Sessile I nvertebrates

The changes in  the densi ty  of  the other  species of  inver tebrates

that  could be analyzed d id not  f i t  a  s ing le pat tern.  A l though there are

some suggest ions of  an ef fect  o f  SONGS, the ev idence is  less compel l ing

than  fo r  t he  sna i l s .
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Tethva aurant ia

The densi ty  of  Tethya was a lways low,  pat t icu lar ly  in  the

downcoas t  po r t i on  o f  SOK and  a t  San  Ma teo  (F igu re  59  and  71 ) .  Dens i t i es

at  the upcoast  s tat ion in  the San Onofre ke lp bed and in  Barn ke lp forest

were h igher ,  but  dec l ined dur ing the in ter im per iod.  There was no

consis tent  pat tern in  the del tas (F igures 70 and 72) ,  and none of  the

d i f f e rences  i n  t he  "be fo re "  and  "a f te r "  de l tas  were  s ign i f i can t  (Tab1e

10  and  11 ) .

Mur icea ca l i forn ica

Dur ing the preoperat ional  per iod,  M.  ca l i forn ica was rare in  the

San Onofre ke lp forest  and abundant  at  the contro l  s i tes (F igures 73 and

75) .  The re  was  subs tan t i a l  rec ru i tmen t  a t  a l l  t he  s ta t i ons ,  bu t  l ess  a t

the impact  s i te  than at  the downcoast  s tat ion in  SOK. On the other  hand,

the propor t ional  increase was greater  a t  the impact  s i te  than the

d is tan t  con t ro l s ,  wh ich  resu l ted  i n  s ign i f i can t  BACIP  tes ts  (Tab les  8

and  9 ;  F igu res  74  and76) .  To  add  comp lex i t y ,  t he  p ropo r t i ona l  dec rease

in densi ty  dur ing the operat ional  per iod was a lso greater  a t  the impact

s i te ,  which res.u l ted in  s ign i f icant  negat ive t rends in  the del tas

(Tab les  8  and  9 ;  F igu res  74  and75) .  I n  t he  absence  o f  a  demons t ra ted

mechanism, t re  do not  th ink the observed densi ty  changes should be

in te rp re ted , ras  e f  f  ec t s  o f  SONGS.

Muricea fruticosa

ke lp

was

Like i ts  congener ,  Mur icea f ru t icosa was rare

forest  dur ing the preoperat ional  per iod (F igures

some recru i tment  in  1984.  but  less than for  M.

in the San Onofre

77 arrd 79) .  There

ca l i f o rn i ca .  The
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dens i t y  o f  M .  f ru t i cosa  was  s t i l 1  ve ry  l ow  in  the  ope ra t i ona l  pe r iod ,

but  h igher  in  the  downcoast  than upcoast  por t ion  o f  the  San Onof re  ke lp

fo res t .  Th is  resu l ted  in  a  s ign i f i can t  d i f fe rence in  the  average de l tas

f o r  t h e  t w o  o p e r a t i o n a l  p e r i o d s  ( T a b 1 e  1 0 ;  F i g u r e  7 8  ) .  A  d e c l i n e  i n

dens i ty  a t  SMK resu l ted  in  a  s ign i f i can t  d i f fe rence in  the  de l tas  in  the

o t h e r  d i r e c t i o n  ( T a b l e  1 0 ;  F i g u r e  7 8 ) .  T h e r e  i s  n o  e v i d e n c e  o f  a n

e f f e c t  o f  S O N G S .

Stron gvlocentrotus p urpuratus

Purple sea urchins have always been more abundant at San Mateo than

elsewhere (F igures 79 and 81) .  This  may be re la ted to  habi ta t

avai lab i l i ty .  L ike Cypraea,  purp le urch ins are genera l ly  found in  the

crypt ic  habi ta ts  that  are in  greater  supply  at  SMK than at  the other

s i tes.  At  SanMateo there was a genera l  dec l ine in  S.  purpuratus dur ing

the preoperat ional  per iod,  and a genera l  increase dur ing the

operational period. Within SOK, purple urchins were more abundant

upcoast  than downcoast  dur ing the preoperat ional  per iod,  but  were

s l ight ly  less abundant  at  the impact  s i te  dur ing the operat ional

per iod.  This  resul ted in  a s ign i f icant  d i f ference in  the average del tas

fo r  t he  two  ope ra t i ng  pe r iods  (Tab les  10  and  11 ;  F igu res  80  and  82 ) .

There was a lso a s ign i f icant  BACIP resul t  for  the SMK compar ison for

data f rom quadrats  which were not  a f fected by s i l t  or  urch in f ronts

(Tab1e  11 ;  F igu re  82 ) .  Hov reve r ,  t h i s  resu l t  re f l ec t s  even ts  a t  SMK,

par t icu lar ly  a  large increase dur ing the operat ional  per iod.  This  may

indicate that recruitrnent was inhibited at SOK or that SOK was a poor

habi ta t  for  purp le urch ins,  s ince they were a lways uncommon there.
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Lvtechinus anamesus

Dur ing the preoperat ional  per iod,  Lytechinus anamesus was more

common in  the San Onofre ke lp forest  than at  the contro l  s i tes (F igures

83  and  85 ) .  S ince  1983  the re  has  been  an  i nc rease  i n  the  dens i t y  o f

whi te  urch ins at  many s i tes in  the Cal i forn ia Bight  (Tegner  and Dayton

1987) .  I n  some p laces ,  as  a t  t he  San  Ono f re  and  San  Ma teo  ke lp  fo res ts ,

th i s  resu l ted  i n  h igh  dens i t i es  o f  t hese  u rch ins  i ns ide  ke lp  beds .  I n

the past  they have been most  conmon outs ide the ke lp beds and in  deeper

water .  We th ink the change may be re la ted to  the decl ine of  predatory

star f ish due to  d isease.  At  our  s tudy s i tes the increases have been

grea te r  a t  San  Ono f re  than  a t  t he  con t ro l  s i t es .  La te r  i n  1986  '

however ,  there was a rapid increase at  the s tat ion at  SanMateo.  0n

average,  densi t ies increased at  SOKU re lat ive to  d is tant  contro ls ,  but

increased at SOKD relative to SOKU. Although many of the changes in the

de l tas  a re  s ta t i s t i ca l l y  s ign i f i can t  (Tab les  10  and  11 ;  F igu res  84  and

86 )  ,  because of  the la t ter  t rend and the poss ib le  confounding ef fect  o f

changes in  sea star  predat ion,  we th ink i t  is  un l ike ly  that  the observed

changes are a resul t  o f  the operat ion of  SONGS.

$yglg monterevensis

This sol i tary tunicate was very abundant in the downcoast port ion

of SCI{. during the preoperational period, and was common elsewh.ere

(Figures 87-90) .  I t  dec l ined to  near  zero everywhere before Uni ts  2 and

3 went  on l ine.  Dur ing the operat ional  per iod there was a

propor t ionate ly  greater  increase in  densi ty  at  BK than at  the impact

s i t e .  Th i s  resu l ted  i n  s ign i f i can t  BACIP  t - t es t s  fo r  t h i s  compar i son

(Tables I0  and 11;  F igures 88 and 90) .  Both s tat ions in  SOK behaved
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s im i l a r l y ,  and  the  d i f f e rence  i n the  ave rage  de l tas  fo r  t he  "be fo re "  and

"a f te r "  pe r iods  was  no t  s ign i f i can t .  The  resu l t s  a re  sugges t i ve  o f  a

nega t i ve  e f fec t  o f  SONGS on  rec ru i tmen t .
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DISCUSSION AND CONCLUSIONS

The resu l ts  o f  th is  s tudy  demonst ra te  tha t  there  was a  genera l

dec l ine  in  the  abundance o f  many spec ies  o f  inver tebra tes  in  the  San

Onof re  ke lp  fo res t  a f te r  Un i ts  2  and 3  o f  the  San Onof re  Nuc lear

Genera t ing  Sta t ion  began opera t ing .  The ev idence s t rong ly  suggests

tha t  the  changes in  the  b io ta  were  caused by  the  opera t ion  o f  the  new

genera t ing  un i ts  and were  no t  s inp ly  cor re la tes .  The resu l ts  o f  the

BACIP ana lyses  were  genera l l y  h igh ly  s ign i f i can t  and,  fo r  severa l

spec ies ,  the  decrease in  abundance was more  severe  a t  the  s ta t ion  in  SOK

t h a t  w a s  c l o s e s t  t o  t h e  d i f f u s e r s .

Most  o f  the  spec ies  a f fec ted  were  gas t ropod mol lusks  and can be

d iv ided in to  two groups :  spec ies  fo r  wh ich  there  were  few samples  in  the

preopera t iona l  per iod ,  and spec ies  fo r  wh ich  there  were  many samples .

A l though the  tempora l  pa t te rns  o f  abundance were  s imi la r  fo r  sna i l s  in

bo th  g roups ,  the  in fe rence o f  a  power  p lan t  e f fec t  i s  much s t ronger  fo r

t h e  l a t t e r .  I n  a d d i t i o n  t o  t h e  s n a i l s ,  t h e  p u r p l e  s e a  u r c h i n ,

S t rongy locent ro tus  purpura tus ,  seems to  have been adverse ly  a f fec ted  by

SONGS.  The ev idence is  weaker ,  s ince  i t  i s  based on  much be t te r

recru i tment  a t  a  cont ro l  s i te ,  where  abundances  o f  th is  spec ies  have

a lways  been h igher ,  than a t  the  impact  s i te .  S imi la r ly ,  the  so l i ta ry

t u n i c a t e ,  S t y e l a  m . o n t e r e y e n s i s ,  r e c r u i t e d  b e t t e f  3 t  : r  c o n t r o l  s i t e  t h a r r

a t  the  impact  s i te  dur ing  the  opera t iona l  per iod .  The presumpt ion  o f  an

ef fec t  o f  the  power  p lan t  i s  s t ronger  fo r  th is  spec ies ,  because i t  had

been abundant in SOK during some earl ier surveys.

Although we do not have the information necessary to ident i fy the

mechan ism under ly ing  the  s ta t i s t i ca l  ev idence o f  a  power  p lan t  e f fec t ,
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a l ike ly  cause is  an increase in  f ine sedimentss in  the San Onofre ke lp

fo res t .  Two  o f  t he  spec ies  fo r  wh ich  the re  was  s ta t i s t i ca l  ev idence  o f

a n  e f f e c t  o f  S O N G S ,  K e l l e t i 4  k e l l e t i i  a n d  M a x w e l l i a  g e m m a ,  a l s o

a p p e a r e d  t o  b e  a d v e r s e l y  a f f e c t e d  b y  a  b u i l d - u p  o f  a  c o h e s i v e ,  f i n e

sed iment  a t  the  impact  s i te .  However ,  the  appearance o f  deep depos i ts

o f  t h i s  m a t e r i a l  i s  n o t  a  s u f f i c i e n t  c a u s e  f o r  t h e  o b s e r v e d  p o p u l a t i o n

d e c l i n e s ,  b e c a u s e  t h e  n u m b e r s  o f  m o s t  s p e c i e s  b e g a n  t o  d e c r e a s e  b e f o r e

la rge  depos i ts  were  no ted .  A  re la ted  phenomenon tha t  may have negat ive

e f fec ts  i s  the  inc rease in  the  f lux  o f  f ine  mater ia ls  a t  SOK caused by  an

in te rac t ion  be tween the  d i f fusers  and na tura l  sources  o f  sed iments .

Inman (1987)  p roposed a  s imi la r  in te rac t ion  be tween the  d i f fusers  and

t h e  m a t e r i a l s  r e l e a s e d  f r o m  t h e  l a y - d o w n  p a d  i n  1 9 8 4  a n d  1 9 8 5 .  I t  i s

poss ib le  tha t  the  d i f fusers  in te rac ted  in  a  s imi la r  way  w i th  the  la rge

amount  o f  f ine  mater ia l  in t roduced to  nearshore  waters  f rom s t reams

d u r i n g  t h e  w i n t e r  s t o r m s  o f  1 9 8 3  ( R e i t z e l  e t  a 1  1 9 8 7  )  t o  i n c r e a s e  t h e

f lux  o f  f ine  mater ia l  a t  SOK.

A f requent  dus t ing  o f  f ine  sed iments  on  hard  subs t ra tes  in  the  San

Onof re  ke lp  fo res t  cou ld  in te r fe re  w i th  1arva1 se t t lement  and might

decrease the  chances  o f  the  success fu l  a t tachment  and deve lopment  o f

eggs .  A11 the  gas t ropods  we have d iscussed a t tach  ge la t inous  egg masses

o r  e g g  c a p s u l e s  t o  h a r d  s u b s t r a t e s  o r  a l g a e .  A f t e r  s e v e r a l  d a y s  o r

weeks ,  the  ve l iger  la rvae are  re le ; ' -sed .  The length  o f  t ime be fore

set t lement  i s  no t  k r r=own fo r  these spec ies .  However ,  in  genera l  ,  the

f ree  ve l iger  s tage las ts  f rom a  few hours  o r  days  to  two to  four  weeks

(Hyman L967) .  I f  the  la rva1 l i fe  i s  less  than a  day  or  so ,  a  negat ive

e f fec t  on  egg lay ing  or  deve lopment  cou ld  resu l t  in  a  decrease in  1ocaI

a d u l t  p o p u l a t i o n  d e n s i t i e s  .
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F ina l l y ,  one  m igh t  reasonab ly  ask ,  how genera l  a re  the  resu l t s?

Are the moni tor ing s tat ions representat ive of  the surrounding area?

The compar ison of  the densi ty  est imates made at  the benth ic  moni tor ing

stat ions wi th  those made at  the surrounding ke lp recru i tment  s tat ions

indicates that  there are few d i f ferences among s i tes (Tables l2-L4) .

However ,  one set  o f  compar isons demands specia l  comment .  In  1981,  Conus

cal i forn ica was more abundant  at  the benth ic  s tat ions than at  the ke lp

recru i tment  s ta t ions  a t  San Onof re .  In  1986,  the  pa t te rn  was reversed.

There  were  no  d i f fe rences  in  the  San Mateo ke lp  bed.  S ince  these

e s t i m a t e s  r e a l l y  c o n s t i t u t e  a  s i m p l e ,  u n r e p l i c a t e d  ( i n  t i m e )  s a m p l e  i n

the  "Before"  per iod  and one in  the  "A f te r "  in  the  BACIP contex t ,  one

ought  no t  t rea t  them as ,  representa t ive .  We s imp ly  may be  undu ly

i m p r e s s e d  w i t h  s a m p l i n g  e r r o r .  N o n e t h e l e s s ,  w e  f i n d  i t  d i f f i c u l t  n o t  t o

wonder  a t  the  d i f fe rences ,  espec ia l l y  s ince  they  are  so  s imi la r  in  the

two parts of SOK. The only colnmon element that we can think of is the

change in  the  dens i ty  o f  ke1p.  In  1981,  bo th  benth ic  survey  s ta t ions

were  in  a reas  o f  abundant  ke lp ,  whereas  in  1986 there  was no  ke lp  a t

e i ther  s ta t ion .  There  was s t i l l  ke lp  a t  many o f  the  ke lp  recru i tment

s ta t ions ,  however .  I t  i s  poss ib le  tha t  d i f fe rences  in  the  abundance o f

Conus may be"a  func t ion  o f  ke lp  dens i ty ,  and tha t  th is  may a lso  be  one o f

the  mechan isms under ly ing  the  BACIP resu l ts .
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Tab le  1 . Date  and dura t ion  o f benthic surveys

BEGINNING
SURVEY DATE

ENDING
DATE

MID
DATE

SURVEY
LENGTH
(DAYS )

DAYS DAYS
BETWEEN BETWEEN
SURVEYS STARTS

2

3
4
5
6

I
I
I
I

7
8
9

10

13N0V80

14JAN8 1
25MAR8 1
O8JUN8 1
210CT8  1

26JAN82
22APR82
29JUL82
I8NOV82

11MAR83
190cT8 3

24I.,IAY84
06Nov84

O5MAR85
24|,IAY85
020cT85

1OFEB86
031,1AR86
27MAY85
O5 SEPS 5
01DEC8 6

17NOV80

27JAN8 1
O6APR8 1
17JUNB1
05NOV81

O2FEB82
13MAY82
3OAUG82
29NOV82

26APR83
11NOV83

O5JUN84
27NOV84

22MAR85
O4JUN85
180cT85

14FEB86
07t{AR86
13JUN86
11SEP8 6
05DEC86

r5Nov80

21JAN81
3 1MAR8 1
13JUN8 1
290CT81

3OJAN8
03t{AY8
14AUG8
24NOV8

lej$,PR8
3 10CT8

3OI.,IAY8
r7NOV8

1zFEB85
05l,tAR86
O5JUN86
O8SEP86
03DEC86

2
z

h

t

58
57
63

L26

82
79
77
80

L22
L76

183
l s4

98
63

L20

115
136

81
84
81

5

L4
13
10
L5

52
70
75

135

97
85
98

112

133
202

zLB
L56

119
80

13'1

131
L52

85
101

87

I 
-dh'

8
22
33
L2

27
24

13
22

18
L2
L7

5
5

18
7
5

<-ri
L4I

t
I
I

15
15
L7

192
1 9 3
2A
2L
22

I
I
I
I
I
I

N o t e s :

rNo sample  a t  SOKD;  poor  sea cond i t ions .

2Abor ted  due to  s to rms.

3Dura t ion  ca lcu la ted  f rom Survey  1-7 .
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Tab le  2 . Sample s ize by per iod for  the var ious
for  which abundances were est imated as
the ef fects  of  SONGS on large benth ic

spec ies  and  subs t ra tes
pa r t  o f  t he  s tudy  o f

o rgan isms .

SPECIES
PREOPERATIONAL

PERIOD
INTERIM

PERIOD
OPERATIONAL

PERfOD

8
8
8
8
8
8
8
8
8
8
8
8
8
8
I
8
8
8
8
8
8
8
8

2
2
2
2
2
2
2
2
2
2
2
2
z
2
2
2
I
2
2
2
2
2
2

10

10
10

10
10

2
2
6
5

10
IO
10
10
10
10
2

10
6
2
2

10
z
2
2
2
2

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

Por i fera:

Tethya aurantia

Cn ida r ia :

Mur icea ca l i forn ica
Mur i cea  f ru t i cosa

Mo l lusca :

As t raea  g ibbe rosa
Astraea undosa
Bursa ca l i forn ica
Ca l l i os toma  spp .
Conus ca l i forn icus
Crass i sp i ra  semi in f  l a ta
Cypraea spadicea
Hal io t is  corrugata
Ha l i o t i s  ru fescens
Ha l i o t i s  spp .
Hinnites giganteus
Ke l l e t i a  ke l l e t i i
Maxwell ia gemma
Megathura crenulata
M i t ra  i dae
Murexie l la  santarosana
Na.ssar ius spp.
Norr is i -a  norr is i .
Ocenebra  s : ,p .
Oc topus  spp .
Ophiodermella inermis
Pteropurpura fest iva
Pteropurpura macroptera

s4
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T a b l e  2  ( c o n t . )

SPECIES
PREOPERATIONAL

PERIOD
INTERIM

PERIOD
OPERATIONAL

PERIOD

10

10
10
10
10
10

8
8
8
8
8
8
8

I
I
I
I
I
I

Phaeophyta (cont) :

Pterygophora ca l i forn ica

Substrata:

Bedrock
Ree f
Boulder
Cobb1e  +  Pebb le
Sand
Bou lde r  >50  cm
Bou lde r  41 -50  cm
Bou lde r  31 -40  cm
Cobb le  21 -30  cm
Cobb le  t t -20  cm
Cobb le  5 -10  cm
Pebb le  1 -5  cm

8
8
8
8
8
8
8
I
8
8
8
8

2
2
2
2
2
2
2
2
2
2
2
2

t
I
t
t
I
I
I
I
I
I
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Tab le  3 Subs t ra te  c l ass i f i ca t i on .
f r om Shepa rd ,  F .  P .  1973 .
N .Y . :Ha rpe r  &  Row.  )

( W e n t w o r t h  s c a l e
Submarine GeobEX,

taken from
3 r d  e d .

u. s.  c.
DESIGNATION

DIAI.{ETER
(lo{)

PHI
(  -Locz (MM)

WENTWORTH
SCALE

t
I
I
I
I
I
I

BOULDER

COBBLE

300
256
L28

64
50
32
L5

8
4
2
1

t lz
L l4
1 /8
L l  L6
L l32
L l64
L lL28
Llzss

- 8 .2
-8
-7
-6
-5  . 6
-5
-4
-3
-2
-1

0
+ t
+ /

+ l
+la
+ J
+ $
+ J
+ $

COBBLE

PEBB[.8
PEBBLE

SAND

_ _ qRANULE

SAND

SILT SILT

BOULDER

I
I
I
I
I
I
t
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Tab le  4 . Date and durat ion of kelp recru i tment  surveys.

BEGINNTNG
SURVEY DATE

ENDING
DATE

MID
DATE

SURVEY
LENGTH
(DAYS )

DAYS
BETWEEN
SURVEYS

DAYS
BETWEEN
STARTS

t
I
t
t
I
I
I
I
I

1

2

3

4

5

6

7

8

9

10

11

L2

13

L4

15

16

21SEP8 1

15DEC8I

24JUN82

060c r82

09ICAY8 3

25JUL83

28NOV83

17l,tAY84

020c r84

28DEC84

01r,1AY85

O9JUL85

290c r85

2I},IAR86

1BJUN8 5

06NOV8 6

200cr8 1

18JAN82

27JVL82

280CT82

27JUN83

19AUG83

3oDEC83

O5JUN84

300c r84

14FEB85

15I.,1AY85

OzAUG85

17DEC85

O4APR86

16JUL86

19NUV85

060c r8  I

O1JAN82

11JUL82

170CT82

O3JUN83

O7AUG83

14DEC83

27t'tLy84

160CT84

21JAN85

0814AY85

21JUL85

23N0V85

28MAR86

O2JULB6

13N0V86

30

35

34

23

50

26

33

20

29

49

15

25

50

15

29

L4

56

L57

7L

193

28

101

t39

119

59

75

55

88

94

75

113

85

19 I

104

2Ls

77

L26

171

138

87

t24

69

LL2

143

89

141
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Tab le  5 . Ave rage  dens i t y  (number  /  m t )  o f  spec ies  se lec ted  fo r
BACIP analys is .  Species which were counted dur ing two or
more preoperat ional  surveys and which had an average
dens i t y  i n  t he  San  Ono f re  ke lp  fo res t  o f  a t  l eas t
L I  10 m2 on one or  more surveys were se lected
fo r  f u r the r  ana lys i s .  S ta t i on  means  ove r  a l I  su rveys
dur ing the preoperat ional  and operat ional  per iods
a re  tabu la ted .

PREOPERATIONAL
BK SMK SOKD SOKU

OPERATIONAL
BK SMK SOKD SOKU

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

As t raea  undosa

Ca l l i os toma  spp .

Conus ca l i forn icus

Crass i sp i ra  semi in f  l a ta

Cypraea spadicea

Ke l l e t i a  ke l l e t i i

Lytechinus anamesus

Maxwell ia gemma

Mit ra idae

Murexie l la  santarosana

Mur icea ca l i forn ica

Mur i cea  f ru t i cosa

Nassa r ius  spp .

Ocenebra  spp .

Pa t i r i a  m in ia ta

Phragmatopoma
ca l i f o rn i ca

P isas te r  g igan teus

Pteropurpura fest iva

0.00  0 .02

0 .00  0 .00

0 .60  0 .66

0 .  11  0 .01

0 .16  0 .07

0 .88  2 .50

3 .89  0 .44

0 .06  0  .22

0 .20  0 .05

0 .31  0 .40

4 .7  6  s  .04

1 .  93  0 .85

0 .09  0 .20

0 .01  0 .05

0 .06  0 .06

0 .00  0 .03

0 .03  0 .  14

0 .16  0 .47

0 .02  0 .01

0 .05  0  .L2

2 .9L  4 .4L

0 .  10  0 .  14

0 .03  0 .07

2 .90  2 .87

7  .89  8  .35

0 .20  0 .75

0 .32  0 .74

0 .  17  0 .40

0 .21  0 .  17

0 .01  0 .02

0 .72  0 .34

0 .05  0 .00

0  .50  L .L2

0 .02  0 .03

0 .00  0 .03

4 .26  2 .95

0 .39

0 .02

L .7  5

0 .04

0 .  t8

2 .27

13 .06

0 .40

0 .  18

0 .  39

7 .01

1 .36

0 .  19

0 .02

0 .08

0.03

o.02

1.  65

0 .  t7

0 .02

0 .79

1 .58

0 .23

0 .72

o  .57

8  .65

2 .79

0 .07

0 .02

0 .03

0 .04

0 .01

0 .70

0.08 0 .01

o.Lz  0 .03

L.67  1 .11

0 .07  0 .03

0 .02  0 .0s

L .44  1 .00

34 .90  15 .61

0 .  t l  0 .10

0 .78  0 .75

0 .04  0 .08

5  .27  1 .51

0 .27  0 .L2

0 .43  0 .2L

0 .00  0 .01

0 .26  0 .08

1 .00  0 .8s  0 .  12

0 .04  0 .01  0 .01

1 .  03  L .29  0  .  80

59



I
I
T
I

Tab le  5  ( con t . )

PREOPERATIONAL
BK SMK SOKD SOKU

OPERATTONAL
BK SMK SOKD SOKU

I
I
I

Strongylocentrotus
f ranc iscanus

S.  purpuratus

StyeIa montereyensis

Tegula aureot incta

Tethya aurant ia

o . t2  1 .05  0 .  19  0  .  04

0 .17  L .37  0 .05  0 .14

o .47  0 .30  2 .L3  0  .42

0 .01  0 .00  0 .00  0 .  16

0 .20  0 .04  0 .02  a  .L2

0 .04  1 .20  0 .00  0 .0s

0 .03  l .  60  0  .  06  0 .  08

0 .  11  0 .  10  0 .01  0 .00

0 .00  0 .0s  0 .02  0 .01

0 .  13  0 .01  0 .03  0 .07
l t l
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T a b l e  6 .

SERIAL
TRANS- ADDITI- CORRE-

FOR}'ATION NI N2 VITY TREND LATION

Effect  o f  an urch in f ront  a t  SMK on benth ic  inver tebrates.
A moving aggregat ion of  red urch ins was f i rs t  noted graz ing
on the s tudy t ransects  in  September 1986.  Surveys conducted
p r io r  t o  t ha t  t ime  a re  de f i ned  as  "Be fo re " ;  a l l  o the rs  a re
"A f te r " .  " Impac t "  quadra ts  a re  those  tha t  were  a f fec ted
by the urch in f ront ;  the unaf fected quadrats  are considered
the  "Con t ro l " .  Cases  whe re  P  >  0 .05  f o r  t he  t es t  o f
add i t i v i t y  and  where  P  <  0 .20  fo r  t he  t - t es t  a re  tabu la ted .
NI  = number of  surveys in  the "Before"  per iod;  N2 = number
of  surveys in  the "Af ter"  per iod.

AVERAGE DENSITY
(NUMBER/sQ M)

IMPACT CONTROL
BEFORE AFTER BEFORE AFTER P>T

l5

I
I
I
I
I
I
I
I

LOG(X+ .025 )  LZ  2
SPECIES =  As t raea undosa
. 8 7  . 3 8  N S  0 . 1 0 0.48  0 .06 0 .99  . L4

SPECIES = Crass isp i ra semi in f la ta
.64  .  s I  UN  0 .09  0 .0s  0 .05 0.07  .L4LoG (X+  .  025  )

NONE

LOG (X+  . 025  )

LOG (X+  . 025  )

Loc (X+0 )

LOG (X+  . 025  )  16  2

SPECIES =  Cypraea spad icea
. 4 7  . 2 0  N S  0 . 0 9  0 .  1 5 0.  12  0 .35  .08

SPECIES =  Murex ie l la  santarosana
. 8 7  . 7 2  N S  0 . 3 3  0 . 0 0  0 . 4 3  0 . 0 5

SPECIES = Nassar ius spp.
. 67  . 44  NS  0 .  19 0.  10  0 .  16  0 .00  .00

SPECIES = Pteropurpura fest iva
.55  . 90  NS  0 .  60  0  . 25  0 .  84 0.20  .L7

SPECIES =  Stye1a montereyens is
. 4 9  . 5 9  N S  0 .  t 5  0 . 0 3 0 .  15  0 .L7  . 07

61

I
I
I
I
I



I
I
I
I
t
I

Tab le  7 .

SERIAL
TRANS- ADDITI- CORRE-

FORMATION Nl N2 VITY TREND LATION

Effect  o f  s i l t  accumulat ion at  SOKU on benth ic  inver tebrates.
La rge  depos i t s  o f  s i l t  we re  f i r s t  no ted  i n  Oc tobe r  1985 .
Surveys  p r i o r  t o  t ha t  t ime  a re  de f i ned  as  "Be fo re " ;  a l l
o therS a ie "Af ter" .  " Impact"  quadrats  are thoSe that  had
at  least  257"  cover  of  s i l t  on one or  more surveys;  a l l  o thers
a re  "Con t ro l "  quadra ts .  Cases  where  P  >  0 .05  fo r  t he  tes t  o f
add i t i v i t y  and  where  P  <  0 .20  fo r  t he  t - t es t  a re  tabu la ted .
Nl  = number of  surveys in  the "Before"  per iod;  N2 = number
of  surveys in  the "Af ter"  per iod.

AVERAGE DENSITY
(NUMBER/ SQ M)

IMPACT CONTROL
BEFORE AFTER BEFORE AFTER P>T

I
I
I
I
I
I
I

NONE

LOG(X+  .025 )  13

LoG (X+  .  025  )

LOG (X+  .A25 )

LoG (X+0  ) L22

SPECIES = Conus ca l i forn icus
.  19  . 87  NS  3  . 40  0 .41

SPECIES =  Ke l l e t i a  ke l l e t i i
. 16  . 92  NS  r . 87  0 .39

SPECIES = Maxwel l ia gemma
. 5 9  . 8 4  N S  0 . 2 8

4.08  0 .39  .15

2 .24  1 .  13  .00

0 .01  0 .31  0 .07  . 04

SPECIES = Murex ie l la  santarosana
.57  . 31  NS  a .25  0 .03 0.  14  0 .  13  .03

SPECIES = Pat i r ia  min iata
.3s  . 14  NS  0 .60  0 .06 o .66  0 .  19  .00

0 .  13  0 .  16  . 00Loc (X+0 )
SPECIES = Tethya aurant ia

L2 4  .  s0  .90  NS 0 .09  0 .0s
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Tab le  8 . Resu l t s  o f  t he  BACIP  ana lys i s  on  va r ious  spec ies  o f
snai ls .  The average del tas in  the preoperat ional  and
opera t i ona l  pe r iods  were  compared  w i th  a  t - t es t  (P  >  T ) .
The del tas are the d i f ferences in  the mean densi t ies
of  organisms at  the impact  and contro l  s ta t ions on
each survey.  A l l  quadrats  were used in  the analys is  .
N l ,  N2  =  Samp le  s i zes  fo r  "Be fo re "  and  "A f te r "  pe r iods ,
respect ive ly .  TREND = P-value for  a  test  for  a  l inear  t rend
dur ing  the  ope ra t i ona l  pe r iod .  l t  =  Tes t  f o r  se r i a l
co r re la t i on  i n  p reopera t i ona l  da ta  was  s ign i f i can t .

AVERAGE DENSITY
(NUMBER/sQ M)

TRANS- IMPACT CONTROL
SPECIES CONTROL FOR},IATION TREND BEFORE AFTER BEFORE AFTER P>T

Mesogastropoda

Cypraea spad icea SOKD LOG(X+0)
S M K  L o c ( X + 0 )
B K  L O c ( X + 0 )

T e g u I a
a u r e o t i n c t a

Neogastropods

Conus ca l i fo rn ica  SOKD
SMK
BK

Archeogastropoda

C a l l i o s t o m a  s p p .

Cras s i -sp i ra
semi in f l a ta

SOKD NONE
SMK NONE
BK NONE

SOKD NONE
SMK NONE
BK NONE

SOKD
BK

LoG (X+  .O25)
LoG (X+  .025 )
NONE //

LOG (x+  1 )
NONE

LOG (X+  1 )
LOc  (X+  1 )
Loc  (X+  I )

NONE
NONE
NONE

LOc (X+0  )
LOG (X+  .025  )
LOG (X+  .025  )

0.  16  0 .02
0 .  16  0 .01
0 .  16  0 .03

0 .09  0 .04
0 .07  0 .04
0 .05  0 .04

4 .23  0 .64
4  .23  A  .64
4 .4L  1 .  11

0 .14  0 .04
0 .  14  0 .03

2 .63  0 .96
2 .63  0  .96
2 .5L  0 .95

0 .75  0 .10
0 .75  0 .  t0
0 .75  0 . r0

0 .56  0 .43
0 .57  0 .46
o .57  A .46

0 .06  0 .  14  .07
0 .00  0 .03  .  13
0 .00  0 .02  .03

0 .00  0 .04  .27
0 .00  0 .06  .24
0 .01  0 .00  .43

0 .04  0 .0s  .27
0 .05  0 .  l s  .00
o  .20  0 .03  .02

2 .72  0 .85  .04
0 .56  1 .01  .00
0 .  60  1 .  65  .00

0 .  10  0 .08  .  i l
0 .  l i .  0 .  18  .05

2  .64  L  .34  .07
2 .2L  2 .23  .00
0 .82  0 .75  .01

0 .20  0 .  11  .00
0 .23  0 .39  .0 r
0 .06  0 .23  .00

0 .29  0 .52  .08
0 .04  0 .14  .  16
0 .  13  0 .5s  .08

.26

.33

.03

.77

.34

.39

.30

.4A

.22

.46

.52

.19

.94

.18

.08

.70

.16

.60

.96

.07

.03

0 .  13
0 .  13
0 .  13

0 .04
0 .05
0 .04

Ke l le t i a  ke l l e t i i  SOKD
SMK
BK

Maxwel l ia gemma SOKD
SMK
BK

SOKD
SMK
BK

Mit ra  idae
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Tab le  8 . ( c o n t .  )

AVERAGE DENSITY
(NUMBER/sQ M)

TRANS- IMPACT CONTROL
SPECIES CONTROL FORMATION TREND BEFORE AFTER BEFORE AFTER P>T

Murex ie l l a
santarosana

Nassar ius  spp .

Ophiodermel la
inermis

Pteropurpura
fes t i va

SOKD NONE
SMK NONE
BK NONE

SOKD NONE
SMK NONE
BK NONE

SOKD NONE
SMK NONE
BK NONE

SOKD NONE
SMK NONE
BK NONE

0.40  0 .09
0 .40  0 .09
0 .40  0 .08

0 .34  0 .24
0 .  34  0  .2L
0 .34  0 .2L

0 .06  0 .06
0 .06  0 .06
0 .06  0 .04

2 .9s  0 .80
2 .95  0 .80
2 .9s  0 .80

0 .  18  0 .05  .04
0 .40  0 .4s  .06
0 .31  0 .57  .08

0 .73  0 .50  .72
0 .20  0 .19  .s6
0 .09  0 .08  .53

0 .08  0 .02  .07
0 .00  0 .0 r  .72
0 .0 r  0 .02  .24

4  .26  L .29  .85
0 .48  1 .03  .01
0 .  16  0 .70  .00

.08

.25

.61

.19

.56

.28

.32

.30

.23

.24

.31

.78

I
I
I
I
I
I
I
I
I
I

64



65

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

Tab1e  9 . Resu l t s  o f  t he  BACIP  ana lys i s  on  va r ious  spec ies  o f
snai ls .  The average del tas in  the PreoPerat ional  and
opera t i ona l  pe r iods  were  compared  w i th  a  t - t es t  (P  >  T ) .
The del tas are the d i f ferences in  the mean densi t ies of
organisms at  the impact  and contro l  s ta t ions on each
survey.  Only  quadrats  not  impacted by urch in f ronts
or  heavy (>= 257"  cover)  deposi ts  of  s i l t  were used in  the
ana lys i s .  N l ,  N2  =  samp le  s i zes  fo r  "Be fo re "  and  "A f te r "
pe r iods ,  respec t i ve l y .  TREND =  P -va lue  fo r  a  tes t  f o r  a
l inear  t rend dur ing the operat ional  per iod.

AVERAGE DENSITY
(NUMBER/sq M)

IMPACT CONTROLTRANS-
SPECIES CONTROL FORI"IATION TREND BEFORE AFTER BEFORE AFTER P>T

Archeogastropoda

Ca l l i os toma spp

Tegu Ia
au reo t i nc ta

Mesogastropoda

Cypraea spadicea

SOKD NONE
SMK NONE
BK NONE

SOKD NONE
SMK NONE

SOKD LOG (X+ .O25)
SMK LOG (X+,1)
BK LOG (X+  .O25)

0.  17  0 .03
0 .  17  0 .06
0 .  17  0 .04

0 .28  0 .01
0 .28  0 .02

0 .  t1  0 .07
0 .13  0 .09
0 .08  0 .09

4 .53  0 .95
4 .48  0 .60
4 .53  0 .95

0 .00  0 .05  .2 r
0 .00  0 .  10  .04

0 .  15  . 05
0 .04  . 07
0 .03  . 02

0.02  .80
0 .19  .03
0 .02  .  t6

.32

.67

.02

.L2

.75

.19

.63

.52

. 49

.34

.13

.86

.99

.45

.31

.26

.14

.76

.67

.60

0.07
0 .00
0 .00

0 .03
0 .  10
0 .09

Neogastropoda

Conus ca l i fo rn ica  SOKD
SMK
BK

C r a s s i s p i r a  S O K D
semi in f la ta  SMK

BK

Ke l le t i a  ke l l e t i i  SOKD
SMK
BK

SOKD
SMK
BK

LoG (X+ 1)
LOG (X+ .OZS)
Loc  (x+  1)

Loc  (X+ 1)
LOG (X r  1 )
NONE

LOG (X+  1 )
LOG (x+0  )
LoG (X+0  )

NONE
NONE
NONE

0"14
0 .  14
0 .  14

0 .02
0 .03
0 .01

2 .83  t .27
2 .53  t .24
2 .35  L .24

0 .78  0 .  13
0 .  78  0 .  13
0 .78  0 .  t3

2 .67
0 .58
0 .38

L.32  .00
0 .86  .00
1 .31  .00

0 .10  0 .08  .04
0 .01  0 .07  .01
0 .  11  0 .  r8  .03

2 .7L  1 .43  .34
2 .07  2 .A3  .00
0 .77  0 .63  .31

0 .19  0 .  12  .00
0 .18  0 .28  .01
0 .06  0 .23  .00

Maxwel l ia gernma
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Tab1e  9 . ( c o n t .  )

AVERAGE DENSITY
(NUMBER/ sQ M)

TRANS- IMPACT CONTROL
SPECIES CONTROL FORMATION TREND BEFORE AFTER BEFORE AFTER P>T

Mi t ra  i dae

Murex ie l l a
santarosana

Nassar ius  spp .

Ophioderrnel la
inermis

Pteropurpura
fes t i va

SOKD LoG (X+ .O25)
BK LOG (X+  .025 )

SOKD NONE
SMK NONE
BK NONE

SOKD NONE
SMK NONE
BK NONE

SOKD NONE

SOKD NONE
SMK NONE
BK NONE

0.67  0 .33
0 .67  0 .33

0 .39  0 .08
0 .39  0 .08
0 .39  0 .07

0 .36  0 .  15
0 .36  0 .18
0 .36  0 .  13

0 .03  0 .08

4 .03  0 .91
4 .03  0 .91
4 .03  0 .91

o.29
0.  13

0 .  16
0  . 40
o .32

0.  s6  .04
0 .55  . 05

0 .05  . 08
0 .51  . 06
0 .58  .  10

0.70  0 .51  .96
0 .  13  0 .24  .08
0 .06  0 .07  .50

0 .08  0 .02  .10

4 .53  1 .33  .99
0  .40  r .  l s  .00
0 .  17  0 .71  .00

.85

.11

.48

.L4

.73

.13

.15

.87

.08

.L4

.26

.4L

I
l
I
t
I
I
I
I
I
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T a b l e  1 0 . Resul ts  of  the BACIP analys is  on var ious inver tebrates
other  than snai ls .  The average del tas in  the
preoperat ional  and operat ional  per iods were compared wi th  a
t - t es t  (P  t  T ) .  The  de l tas  a re  the  d i f f e rences  i n  t he  mean
densi t ies of  organisms at  the impact  and contro l  s ta t ions on
each  su rvey .  A l l  quad ra ts  were  used  i n  the  ana lys i s .
N l ,  N2  =  Samp le  s i zes  fo r  "Be fo re "  and  "A f te r "  pe r iods ,
respec t i ve l y .  TREND =  P -va lue  fo r  a  tes t  f o r  a  l i nea r  t rend
dur ing the operat ional  per iod.  l t  =  Test  for  ser ia l
corre lat ion in  preoperat ional  data was s ign i f icant .

AVERAGE DENSITY
(NUMBER/ sQ M)

TRANS- IMPACT CONTROL
SPECIES CONTROL FOR},IATION TREND BEFORE AFTER BEFORE AFTER P>T

10
L2
l3

I
t
I
t
l
I
I
t
I

Sponges

Tethya aurant ia

Sea Urchins

Strongylo centrotus
PurPuratus

Lytechinus anamesus

Tunicates

S tye Ia
montereyensis

SOKD LOG(X+0)
SMK LOG (X+ 1)
BK NONE

SOKD NONE
SMK LOG(X+ .025 )

SOKD NONE II
sMK LoG(x+1) / i
BK NONE

0 .17  1 .  10  4 .99  6 .86  . 00

.75

.68

.80

.73

.00

.10

.00

.02

0 .
0 .
0 .

0 .06
0 .07
0 .08

0 .04
0 .04
0 .20

0 .03  .45
0 .01  .78
0 .  t3  .46

Gorgonians

Mur i cea  ca l i f o rn i ca  SMK LOG(X+ .O25)  .00

Mur icea f ru t icosa SOKD NONE .27
BK  LoG(X+0 )  . 31

13
18

SOKD LOG(X+ .O25)
BK  LoG(X+ .025  )  . L9

0.03  0 .
0 .03  0 .

0 .  t 4  0 .08
0 .13  0 .06

8 .35  15 .51
7  . 68  L5 .37
8 .64  15 .51

0.30  0 .01
o  .29  0 .00

0 .03  0 .27  .04
1 .83  2 .83  .00

0 .05  0 .06  . 05
L .29  L .L2  . 36

7  . 89  34 .90  . 00
0 .35  r0 .41  . 00
3  . 89  r . 58  . 00

L .37  0 .02  . 39
0 .41  0 .12  . 0 r

I
I
I
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Tab1e  11 . Resul ts  of  the BACIP analys is  on var ious inver tebrates
other  than snai ls .  The average del tas in  the '
preoperat ional  and operat ional  per iods were compared wi th  a
t - t es t  (P  >  T ) .  The  de l tas  a re  the  d i f f e rences  i n  t he  mean
densi t ies of  organisms at  the impact  and contro l  s ta t ions on
each survey.  Only  quadrats  not  impacted by urch in f ronts
or  heavy ( t= 25% cover)  deposi ts  of  s i l t  were used in  the
ana lys i s .  N l ,  N2  =  samp le  s i zes  fo r  "Be fo re "  and  "A f te r "
pe r iods ,  respec t i ve l y .  TREND =  P -va1ue  fo r  a  tes t  f o r  a
I inear  t rend dur ing the operat ional  per iod.

AVERAGE DENSITY
(NUMBER/ sq M)

TRANS- IMPACT CONTROL
SPECIES CONTROL FORI.IATION TREND BEFORE AFTER BEFORE AFTER P>T

0.
0 .
0 .

.04

.26

.4L

SMK
BK

I
T
I
I
l

TeEhya aurant ia

Mur i cea  ca l i f o rn i ca

Strongylocentrotus
PurPuratus

SOKD Loc (X+0)
sMK LOG (X+ I )
BK NONE

L O G  ( X + 0
LOG (X+ I

LOG (X+ t

t3  0 .L2
L4  0 .13
15  0 .  12

a .32  L .73
0 .32  1 .  90

0 .20  0 .02
0 .  t8  0 .01
o .2L  0 .03

9  .2L  2L .49
9 .18  21 .38
9 .65  2L .49

0 .44  0 .00

0 .05  0 .03  .62
0 .06  0 .0 r  .2L
0 .20  0 .  13  .31

5 .53  6 .86  .00
4 .87  8 .51  .07

0 .05  0 .07  .00
0 .67  0 .78  .00
0 .  16  0 .04  .35

8 .s1  37 .00  .00
0 .  t8  10 .75  .00
3  .99  1 .59  .00

0 .40  a .L2  .00

SOKD
3MK
BK

LOG (X+  .O25)
LOG (X+ I  )

.52

.22

.94

.00

.00

- .24
.02
.30

Lytechinus anamesus SOKD NONE
SMK LoG(X+0)
BK NONE

Stye Ia
montereyensis BK  LOG(X+ .025 )  . 11

T
t
t
t
I
I
I
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Table L2.  Compar ison of  densi ty  est imates at  the benth ic  survey
stat ion (SOKU) and at  the ke lp recru i tment  s tat ions in  the
upcoas t ,  o f f sho re  po r t i on  o f  t he  San  ono f re  ke lp  fo res t .

SPECIES
KELP BENTHIC

DATE SURVEY SURVEY P > T

t
l
I

Ca l l i os toma  spp .

Conus  ca l i f o rn i cus

Crass i sp i ra  semi in f l a ta

Cypraea spadicea

Ke l l e t i a  ke l l e t i i

Lytechinus anamesus

Maxwell ia gemma

Mit ra idae

Murexie l la  santarosana

Mur icea ca l i forn ica

Mur i cea  f ru t i cosa

Nassa r ius  spp .

Pa t i r i a  m in ia ta

Pteropurpura festiva

Strongylocentrotus purpuratus

Tegula aureot incta

Tethya aurarrt ia

19  81
1985
198  1
198  5
198  I
198  6
19  8 I
1986
198  I
1986
19  81
L986
19  81
1986
1981
1986
198  I
1986
1981
1986
19  81
1986
19  81
1986
198  1
L986
1981
1986
19  81
1986
198  1
1986
19  81
1986

0.  17
0 .44
2 .  18

0 .05
4 .22
0 .06
2 .44
0 .56

L2 .07
L4  .94

0 .  11
0 .07
0 .22

0 .00
0 .30
3 .11
0 .  11
0 .22

0 .  11
0 .  93
o .L7

r - .39
0 .04
0 .05

0 .00
0 .04
0 .  06

0 .00
3 .93
0 .07

0 .00
0 .03
o .02
2 .78
o .77
3 .03

L3 .07

a .02
0 .  15
0 .  17

0 .00
o .23
o.4s
0.03
0.00

o.L2
0.75
0 .07

0 .80
0 .  13
0 .05

0 .00
0 .  10
0 .  10

0 .37  0 .187
0 .83  0 .000
0 .  s l  0 .023

0 .00  0 .331
o .96  0 .059
0 .50  0 .620
0 .60  0 .  ss  I
0 .82  0 .4L4
0 .47  0 .  r s4
0 .31  0 .758

0 .07  0  .295
0 .99  0 .326
0 .35  0 .730

0 .40  0 .687
0 .48  0 .023
0 .01  0 .320
0 .20  0 .041

0 .10  0 .9L7
0 .  ss  0 .582
0 .92  0 .367

0 .35  0 .188
0 .98  0 .330
0 .07  0 .941

0 .04  0 .3 ( i3
0 .55  0 .585

I
T
t
I
t
l
I
I
I
I
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Tab Ie  13 .  Compar i son  o f  dens i t y  es t ima tes
s ta t i on  (SOKD)  and  a t  t he  ke lp
downcoas t ,  o f f sho re  po r t i on  o f
f o res t .

at the benthic survey
recru i tment  s tat ions in  the

the San Onofre ke lp

SPECIES DATE
KELP BENTHIC

SURVEY SURVEY P > T

I
I
I

t
t
I
t
t

Ca l l i os toma  spp .

Conus ca l i forn icus

Crass i sp i ra  semi in f l a ta

Cypraea spadicea

Ke l l e t i a  ke l l e t i i

Lytechinus anamesus

Maxwell ia gemma

Mit ra idae

Murexie l la  santarosana

Mur icea ca l i forn ica

Mur i cea  f ru t i cosa

Nassa r ius  spp .

Pa t i r i a  m in ia ta

Pteropurpura fest iva

Strongy locentrotus purpuratus

Tegula aureot incta

Tethya aurant ia

198  1
1986
198  I
198  6
198  1
L986
r98 1
198  6
198  I
198  6
198  I
198  6
198  I
198  5
198  1
198  6
198  1
198  6
198  I
198  6
198  I
198  6
198  1
198  6
198  I
198  6
198  I
198  6
198  1
198  6
1981
798( ,
198  1
198  6

0.00
0 .50
L .67

0 .00
0 .00
0 .05
L .22
L .Z2

19 .00
19  .55

0 .05
0 .  17
0 .28

0 .00
0 .00
L .67
0 .00
0 .00

0 .05
0 .22
0 .11

1 .  11
0 .00
0 .00

0 .00
0 .00
0 .00

0 .00
L .56
0 .35

0 .05
0 .00
0 .05
2 .L6
r .  15

10 .61
35  .87

0 .00
o .26
0 .  15

0 .00
0 .  18
2 .85
0 .00
0 .17

0 .02
0 .39
o .27

L .47
0 .00
0 .00

0 .00
0 .03
0 .00

o. sg o.  oor
o .2L  0 .038

0 .43  0 .  t - 50

o.og o.ggr
0 .79  0 .079
0 .  t 6  0 .877
0 .29  0 .203
0 .27  0 .025

0 .00  0 .331
0 .  s5  0 .580
0 .69  0 .500

0 .89  0 .006
0 .67  0 .  I 01

0 .48  0 .018

o. so o.  ezo
0.91  0 .367
0 .29  0 .201

o .52  0 .605

: :

0 . 00  O . .32 t r
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Tab le  14 . Compar ison of  densi ty  est imates at  the benth ic  survey
s ta t i on  (SMK)  and  a t  t he  ke lp  rec ru i tmen t  s ta t i ons  i n  t he
San Mateo ke lp forest .  The two kelp recru i tment  s tat ions
which were located in  a whi te  urch in barrens were not
inc luded in  the analys is .

SPECIES
KELP BENTHIC

DATE SURVEY SURVEY T  P>T

t
I
I
I
t
I
I
t
T
I

Conus  ca l i f o rn i cus

Crass i sp i ra  semi in f l a ta

Cypraea spadicea

Ke l l e t i a  ke l l e t i i

Lytechinus anamesus

Maxwell ia gemma

Mi t ra  i dae

Murexie l  Ia  santarosana

Mur i cea  ca l i f o rn i ca

Mur i cea  f ru t i cosa

Nassa r ius  spp .

Pa t i r i a  m in ia ta

Pteropurpura fest iva

Strongylocent fotus purpuratus

Tegu la  au reo t i nc ta

Tethya aurantia

198  I
1986
1981
198  6
198  1
198  5
198  1
1985
198  I
1985
198  1
198  5
19  81
1986
1981
198  6
198  1
198  5
198  1
1986
198  1
198  6
198  1
198  5
198  1
1986
198  1
198  6
198  1
198  5
198  I
1986

o.46
0 .40

0 .  13
0 .  17
0 .20
0 .  17
0 .60
5 .75

24  .53

0 .20
0 .00
0 .  13

0 .  13
2 .42
3  .60
0 .58
0 .80

0 .00
0 .37
o .47

o .47
o .92
5 .20

0 .00
0 .  13
0 .00

0 .  30
0 .  15

0 .00
0 .08
0 .  15
2 .32
1 .87
0 .40
8 .30

0 .  17
o .02
0 .07

0 .20
4  . 47
5  . 65
0 .82
1 .  15

0  . 05
0 .07
0 .  17

0 .05
0 .  90
1 .50

0 .00
0 .05
0 .03

0.87  0 .391
0 .  13  0 .275

0 .00  0 .334
o .72  0 .478
0 .33  0 .740
o .29  0 .025
0 .75  0 .000
0 .95  0 .053
0 .70  0 .016

0 .  19  0 .847
0 .00  0 .323
0 .49  0 .624

o .44  0 .55s
0 .45  0 .015
0 .95  0 .057
0 .88  0 .380
0 .93  0 .355

0 .43  0 .  160
0 .53  0 .  t38
0 .  18  A .254

0 .  10  0 .052
0 .02  0 .980
0 . .67  0 .  115

o .97  0 .338
0 .00  0 .324

t
t
I
I
t
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SOKU -  SMK UNTRANSFORMED

PREOPERAT I ONAL OPERAT I ONAL
o.4

I

a

- o .2

,JULao JANAI JULaI JANa2 ,rUL83 JAN85 JANaS t UL85 JANE6 JULaG JANET
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OPERAT I  ONAL

9 o .z
F

L
T
A

o.o

- o .2

J U L A O  J A N A l  J U L 8 l  J A N A 2  J U L E z  J A N A S . J A N A S  J U L E s  J A N A 6  J U L 8 6  J A N A T
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O JA JO JAJO JA JO JA JO JA JO JA JOJ
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J U L A O  . J A N A  1  J U L A l  J A N A 2  . J U L 8 2  J A N A 3 J A N A s  J U L A 5  J A N 8 6  J U L A 6  J A N 8 7

P R E O P E R A T  I  O N A L O P E R A T  I  O N A L
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L
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EEf, SOKU-BK OeO SoKU-SMK

JAJOJAJOJ
1 985 1 986

o+0 soKU-sOKD

OPERAT I ONAL

L62



I
t
I
I

I
I
I
I

I
I
I
I
t
I
l
I
I
t
I
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SO KU

l . u

-  SOKD U NTRA,NSFO RM E D

D

L
T
A

o .5

o.o

- o .5

- 1  . O

. J U L a o  t J A N a l , r U L 8 1  J A N a 2  . J U L a 2  J A N a 3 , r A N 8 5  i r U L 8 5 , J A N 8 6  J U L a 6  J A N 8 7

SOKU -  SMK UNTRANSFORMED

D

L
T
A

1 . O

o .5

o.o

-o .5

- 1 . O

JULSO JANaI  JUL81 JAN82 ,JuLE2 t  AN83 JANES JULas JANE6 ! ,UL85 JANET

SOKU -  BK U NTRANSFO RM ED

OPERAT I  ONALPREOPERAT I  ONAL

E
L
T
A

1 . O

o . 5

o.o

-o .5

- 1  . O

J U L E O  J A N A  1  J U L 8 1  . J A N 8 2 JUL82 JANAS JAN85 JULAS JANA6 . 'ULA6 JAN87

PREOPERAT I  ONAL OPERAT I  ONAL

PREOPERAT I  ONAL OPERAT I ONAL
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T,IAXW E LLIA GE ]I,I T,I A
STAT I ON MTANS

1981 1982 1983 1984 1985 1986
ElEt BK OeO sMK O-eO SSKD e+C SgKU

D I FTERENCE BETWEEN STAT I ON MEANS

1 98 1 1982 1 gBJ 1 984 1 985 1 986
EEf, SOKU-BK eeo S0KU-SMK 0o0 SOKU-SoKD

1.0
0.9
0,8
0.7
0.6
0.5
0.4
0.3
4.2
0,1
0.0I

l

1.
0.

N 0.

\  0.
tL -n
t !  v '

e -0.
.2, n
f  - u .

z -9.
-0.
-1.

I

0
n

0
0

.0

.8

.o
A

,)

.0
, L

A

.o

.8
t l

PREOPTRAT I ONAL INTERIM OPERAT I ONAL

O JA JO JA JOJA JOJAJO JA JO JA JOJ

PREOPERAT I ONAL OPERAT I ONALINTERIM

OJ A JOJA JOJA JOJA JO JA JO JA JOJ
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SOKU _  SOKD UNTR,A ,NSFORMED

o.5
F

I

- o  . 5

- 1 . O

. J U L a O  J A N a I , J U L a 1  . J A N a 2 , J U L a 2  J A N 8 3  . J A N 8 5  J U L 8 5  . J A N a 6  J U L 8 6 , J A N 8 7

SOKU -  SMK UNTRANSFORMED

OPERAT I  ONAL

o .5
n
L
L
T  0 . o
A

- 0 . 5

- 1 . O

J U L S O iJANAI  JULAl  .JAN82 JULA2 .JANAS .JAN85 JUL85 JAN86 .JUL86 JAN87

SOKU

1 n

o .5

BK U  N T R A N S F O  R M E D

OPERAT I  ONALPREOPERAT I  CNAL

n

L
T

.o
J U L A O  J A N A l  J U L A l  J A N A 2  J U L A 2  J A N A 5  J A N A s  J U L A S  J A N 8 6  J U L A 6  J A N A T

P R E O P E R A T  I  O N A L OPERAT I  ONAL
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STAI I ON MEANS

OJA J OJA JOJAJ OJA JO JAJOJA JOJ
1981 1982 1983 1984 1985 1986

EEE BK Cre€ SMK O* SOKD ffi SOKU

=l"lPREOPERAI I ONAL INTERIM OPERAT I ONAL

D I FFERENCE BETWEEN STAT I ON MEANS

N

E.
bJ
m
f
z

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 983 1 984

EEE SOKU-BK OeO SOKU-SMK

JAJOJAJOJ
1 985 1 986

€-o SOKU_SOKD

PREOPERAT I ONAL OPERAT I ONALINIERIM
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D

I
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A

2 . O

1 . 5

1 . O

o .5

o.o
-o  .5
- 1 . O

- 1  q .

TIITRA IDAE
SOKU -  SOKD LoG(x)

PREOPERAT I  ONAL OPERAT I  ONAL

J U L S O JANA 1  i , |ULA 1  JANA2 JULA2 JANAS JANAS JULA5 . 'ANA6 JULA6 JAN87

S O K U  -  S M K LOG(X+O.ozs)

OPERAT I  ONALP R E O P E R A T  I  O N A L
2 . O

1 . 5

1 . O

o . 5

o.o
-o  .5
- 1 . 0

- , |

J U L A O JANEI  JULEI  . ,ANE2 JULE2 JAN83 .JANES JUL85 JANE6 t  uLEo IJANET

SOKU -  BK LoG(X+O.O2s)

OPERAT I  ONALP R E O P E R A T  I  O N A L
2 - O

1 . 5

' i . o

o .5

o .o

-o .5

- 1 . O

- 1  q

J A N 8 2  J U L 8 2  J A N 8 5  J A N 8 5  J U L 8 5  J A N 8 6  J U L A 6  J A N A TJ U L A O  J A N A l  J U L A l
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SIAT I ON MEANS
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EIEE BK OeO SMK Oeg SgKD €'O+ SSKU

DIFFERENCE BETWEEN STATION MEANS

OJA J OJAJOJAJOJA JO JA JOJ AJO J
1981 1982 1983 1984 1985 1986

EEf, SOKU-BK OEO SOKU-SMK O.OO SOKU-SOKD

I
il
T
I
I
l
I
I
I
I
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OJAJOJAJOJAJOJAJOJAJOJAJOJ
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ASSU M PTIONS NOT M ET

SOKU -  SMK

SOKU -  BK

2 . O

1 . 5

1 .o

o .5

o .o

-o .5

-1  .O
- , 1  E

PREOPERAT I  ONAL

LOG(X-FO.O2s)

O P E R A T  l O l r A L

J U L S O  J A N A l  J U L A l  J A N A 2  J U L A 2  J A N 8 5  J A N A s  J U L 8 5  J A N A 6  J U L A 6  J A N A T

SOKU -  SOKD LOG (X+ O.  O2s )

OPERAT I  ONALPREOPERAT I  ONAL
2 . O

1 . 5

o .5

o.o
-o  .5
- 1 . O

- 1  . 5

. J U L A O  J A N a I  J U L 8 l , J A N a 2  . r U L a 2  J A N A S , J A N 8 5  J U L 8 5 , r A N 8 6  J U L a A J A N a 7
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M U RE XIE LLA S/AITAft O S/Ai/
STAT I ON MEANS

OJAJOJ
1981

E}Efl BK

AJOJAJOJAJOJ
1982 1983 1984
OEE SMK O'EO SOKD

AJOJAJOJ
1 985 1 986
E'{ SOKU

JAJOJAJOJ
1 985 1 986

0o-o SOKU-SOKD

1.+
1.2

1.0

0.8

0.6

0.4

0.2

0.0

,+
.2
.0
,2
,+
.6
.8
.0
.2
.+
.6
.8
.0

D I FFERENCE BETWTEN STAT I ON MEANS

0.
0.

-0.
0
0
0

N_n
> -0.

l--6:
i  E -0.

t !  Y '
cn - , l .
>-1
z-1.

I

I- t .
-2.

0
1
I
I

1
1
I
I

2

OJAJOJAJOJAJOJAJO
1981 1982 1983 1984

EEf SOKU-BK OEO SOKU-SMK

PREOPERAT I ONAL OPERAT I ONALINTERIM
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SOKU -  SOKD U NTRANSFORMED
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SOKU -  BK U NTRANSFORMED
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o .5

o .o

-o .5

-1  .O
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J U L A O  J A N A l  J U L S l  J A N A 2  J U L A 2  J A N A S  J A N A s  J U L A S  J A N 8 6  J U L A 6  J A N A T
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o .o

-o .5

- 1  . O

- 1  . 5

SOKU -  SMK UNTRANSFORMED
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o .o

-o .5

- 1 . O

- , 1  R
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PREOPERAT I  ONAL OPERAT I ONAL
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1.
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]T I] RE XI E LLA S AI{ T Aft O S/AI/
STAT I ON MEANS
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OJAJOJAJOJAJOJAJOJAJOJAJOJ
1981 1982 1983 1984 1985 1986

ElEfl BK O€O SMK O€g SSKD O++ S'KU

1,+
1.2

1.0

0.8
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0.4
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0.0

I
t
I
I
t
I
l
t
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D I FFERENCE BETWEEN STAT I ON MEANS

0.
C.
0.

N -0 .
> -0.
\  -0.
o: -c.
H -9.
= - ! .
z-1 .

- 1 .
1- t .

-2.

I

^l
11u
21
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u
6l
8l
0-1
2,1

PREOPTRAT I ONAL
0
0
0
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i

.2

.0
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A

.o

.8

.0

.2
A

. ' t

.6

.8

.0

OJAJOJAJOJAJOJAJO
1981 1982 1983 1984

EIEE SOKU-BK OeO SoKU-SMK

JAJOJAJOJ
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O+O SOKU-SOKD
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D
E
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- 1  . 5

-  SOKD UNTRANSFORMED
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a
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a a
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o .o
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0 . 5

o.o

-o .5

- 1 . O
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D
E
L
T
A

PREOPERAT I ONAL OPERAT I ONAL
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-  SOKD UNTRANSFORMED
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-o  .5

- 1  . O

J U L E O , J A N S l  , , U L A 1  J A N a 2  J U L a 2 , J A N E S J A N E S  J U L a S  J A N 8 6 , J U L 8 6  J A N 8 7

SoKU -  BK
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1 . O
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D
L
T o .o
A

- o .5

- 1 . O

D
L
L
T
A

D
E
L
T
A

I

a * -
I

a

I

PREOPERAT I  ONAL

U N T R A N S F O R M E D
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1 . O

o .5

o .o

-o .5

- 1  . O
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l
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1.6
1,+
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N Fu.o
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> -0.2
\  -0.4
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L, l  -0 .8
m_
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z-

.0
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- t .o
-1.8
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eeo sMK oso soKD eo+ soKU
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1 .80
1 .60
1 .40
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1nn

0. 80
0. 60
0. 40
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. U U
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.60
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EEE BK

D I FFERENCE BTTWEEN STAT I ON MEANS

U

U
0

1
1
2

OJA JO JAJOJA JO JAJ OJA JO JAJ O J
1981 1982 1983 ' l  984 1985 1986

EEf SOKU-BK OOO S0KU-SMK e€ S0KU-SOKD

PREOPERAT I ONAL INTERIM OPERAT I ONAL

OJA JOJAJ OJA JO JAJOJA JO JA JOJ
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4 . 2
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L
L
T
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T , R E O P E R A T  I O N A L OPERAT I  ONAL
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t
I
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I
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I
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t
T
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5'2.
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I
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5
3
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I
l '

3
5
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.0

.0

.0

.0
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.0

.0

.0
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D I FFERENCE BETWEEN STAT I ON MEANS

1981 1982 1gBJ 1 984 1 985 1 986
ElEfl SoKU-BK OeO SoKU-SMK 0O0 SOKU-S0KD

.17

.15

.13

.11

.09

.07

.05

.03

.01

.01

.03

.05

.07

.09

STAT I ON MTANS

0.1
N 0.1
> 0.1
)0. '

,17
.16
.1+
.12
.10
.08
.06
.04
.02
.00

1 98 1 1982 I  985 1 984 1 985 1 986
E}EIE BK OEO SMK OOO SOKD A++ SOKU

PREOPERAT I ONAL INTERIM OPERAT I ONAL

OJAJOJAJOJAJOJAJOJAJOJAJOJ

PREOPERAT I ONAL INTERIM OPTRAT I ONAL

OJAJO JAJOJAJOJAJO JAJOJAJOJ
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SOKU -  BK

A P HI 0 D E RIIE LLA I ]\t E Rl,il S
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J U L 8 1  J A N A 2  J U L 8 2  J A N 8 3  J A N 8 5  J U L 8 5  J A N A 6  J U L A 6  J A N A T

P R E O P E R A T  I  O N A L O P E R A T  I  O N A L

S O K U  -  S M K
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ASSUMPTIONS NOT MET
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STAT I ON MTANS
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L
T
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a
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f
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OJAJOJAJOJAJOJAJO
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PREOPERAT I ONAL
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- t

-5

-5

n

E
L
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0.02
0.03
0.rJ8
0.13
0. 1B

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 98J 1 984

ElEf SOKU-BK eeo SoKU-SMK

JAJOJAJOJ
1 985 1 986

O-OO SOKU-SOKD

INTERIM OPERAT I ONAL
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t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I

TETHYA AURANTIA
SOKU -  SOKD Loc(x)

D

L
T
A

1 . O

o.8

o .6

o .4

o .2

o .o

-o .2

. J U L a O , J A N E I  . J U L A I  . r A N a 2 , J U L 8 2  . J A N E J J A N A S  J U L 8 5  J A N 8 6  J U L A S  J A N E T

soKU -  sMK LOG(X+l )

D

L
T
A

1 . O

0 . 8

o.6

0 . 4

o.2

o.o

- o .2

.JULAO JANEl JUL8l I 'ANE2 JULA2 .JANE5 JAN65 ..tULSS .JANEE .'UL86 .JANE7

SOKU -  BK UNTRANSFORMED

OPERAT I  ONALPREOPERAT I  ONAL
o .2

o .1
D
L

a a

JANAl  JULAl  JANA2 JUL82 . 'ANA5 JAN85 JUL85 JANAS JULA6 JANAT

PREOPERAT I  ONAL OPERAT I ONAL

PREOPERAT I ONAL OPERAT I ONAL

L
T -o .o
A

- o .  1

-o .2

2LZ



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

TETHYA AURA]{TIA

PRTOPERAT I ONAL INTERIM OPERAT I ONAL

EEf BK

D I FFTRENCE BETWIIhI STAT I ON MTANS

STAT I ON MEANS

AJOJAJOJAJOJAJOJ
1982 1983 1984 198s
oeo sMK SOKD o++

JAJOJAJOJ
1 985 1 986

O-eO SOKU-SOKD

AJOJ
1 986

SOKU

. L O
,2+
.22
.2A
.18
.16
.14-
.12
.10
.08
.06
.04
.42
.00

0 .27
4.22
0 .17
0 .12
0.07
0. 02

.03

.08
0. 13

0
0
0

NO
>0
\0
s0
t !0
tDn
=o
ZU

0
0
0

N

v.
t!
m

:)
z

a
. L

,2
2

,2
.1

.0
n

.U

.U
n

V AJOJ
1981

0.27.
0.2
0.1
0 .12
0.07
0.0

-0. 0
-0.0
-0. 1

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 98J 1 984

E}EE SOKU-BK O€O SOKU-SMK

PRTOPERAT I ONAL OPERAT I ONALINTERIM
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I
I
t
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I

TETHYA AURAI,ITIA

SOKU -  BK UNTRANSFORMED

OPERAT I  ONALPREOPERAT I  ONAL
4 . 2

o .1

-o .  o

-o ,  1

-o .2
JULAO t ,AN81 JUL61 JANAz JULA2 . 'ANEs JANAS . 'ULAs JAN86 JUL86 JAN87

SOKU -  SOKD LoG(x)

PREOPERAT I ONAL OPERAT I  ONAL
1 . O

o .8

o .6

0 .4

o .2

o.o

- o .2

.JULAO . 'AN8 I JULAi . . |ANA2 . 'ULA2 . 'ANES .JAN85 . 'ULAS JANA6 . 'ULA6 .JANA7

SOKU .  SMK LoG(x+ 1 )

OPERAT I ONALPREOPERAT I ONAL

D

L
T
A

1 .O

o .8

o .6

4 .4

o .2

o.o

-o .2
.JULAO JANE: ,JULal JANA2 ,JULE2 JAN83 JANaS JULaS ,JANE6 .JUL86 JANaT

zL6



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

I,IU RI C E A C ALIF O RI\I I C A
C T A T I N N I  I I T ^ I \ I . .
J I A I I V I \  I V I L A I \ )

OJAJOJAJOJ AJOJAJOU
1 983 1 984

SMK O.* SOKD

AJOJAJOJ
1 4 6 -  /  n  A Arv03 rvuo
# SOKU

JAJOJAJOJ
1985 1986

E* SOKU_SOKD

1981 1 982
EEf BK O610

D I FFIRENCI BTTWTEN STAT I ON MTANS

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 983 1 984

EEfl SOKU-BK oeo SOKU-SMK

10
v

X

1

n
n

A+
1

,
L

1
I

n
U

1
I

n
1- l

_ L

- 1

A- +

-

-o

_-7

- X
U

t
I

PREOPIRAT I ONAL INTER IM OPTRAT I ONAL

/ u-'
/ t

---4'

PREOPERAT I ONAL INTIRIM OPERAT I ONAL

2L8



T,IURICEA CALIFORNICA
SOKU -  SOKD

NO TEST

,A,SSUMPTIONS NOT MET

SOK

-o .

P -0 .
L
T
A

U

4 -

8 -

2 -

6 -

,JU

PREOPERAT I ONAL

Loc(x+o.ozs)

OPERAT I ONAL

t

LAO- JANAl JULAl ! ' |ANE2 . 'ULE2 JAN85 JANAS t 'ULAS JAN86 . 'U186 JAN87

SOKU -  BK

NO TEST

ASSUMPTIONS NOT MET



MURICEA CALIFARNICA

DIFFERENCE BEIWEEN STATION MEANS

N

v.
L-J
m

f
z

1
0

-1
-2
- ?

-+
-5
-6
-7
-8

OJAJOJAJOJAJOJAJO
1981 1982 1983 1984

ElEfl SoKU-BK o€o SoKU-SMK

JAJOJAJOJ
1 985 1 986

o+9 s0KU-soKD

STAT I ON MEANS

N

E.
hJ
m
l
z

10
I
I
7
6
5
+
3
2
1
I

0

1981 1982 1 983 1 984 1 985 1986
ElEfl BK OOO SMK gOO SoKD ea+ S0KU

PREOPERAT I ONAL INIERIM OPERAT I ONAL

OJAJOJAJOJAJOJAJOJAJOJAJOJ

PREOPERAT I ONAL

@

INTERIM OPERAT I ONAL
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t
I
I
t
I
I
t
l
I
I
I
I
I
I
I
I
I
I
I

T,IURICEA CALIFARNICA
SOKU -  SOKD

NO TEST

ASSUMPTIONS NOT MET

SOKU

-o .4

-  SMK Loc(x)

PREOPERAT I ONAL . OPERAT I ONAL
a

I

-o .8

.,ULEO JANSI JULAl JANA2 JULA2 .JAN8J JANA5 .'ULAS .JANE6 JULA6 JANET

SOKU -  BK Loc(x+ 1 )

PREOPERAT I  ONAL OPERAT I  ONAL- o . 4

D
E
L
T
A

-o .  a

- 1  . 6

JANA2 JULA2 I 'ANA5 JANEs JULAs JANA6 JUL85J U L A O  J A N A l  J U L A I
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I
I
I
I
I
I
t
I
t
I
I
I
t
I
I
I
I
I
I

IIIURICEA FRfITIC0SA

N

x.
LLI
m

f
z

STAT I ON MEANS

OJA JOJAJO JAJO JA JO JAJOJA JOJ
1981 1982 1983 1984 1985 1986

EEfl BK EE.O SMK ffi SOKD E+<} SOKU

D I FFERINCT BETWETN STAT I ON MEANS

v.
LI
U

f
z

I

_ L

_J

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 98J 1 984

EEfl SOKU-BK OeO SOKU-SMK

JAJOJAJOJ
1 985 1 986

o+0 sOKU-SOKD

PRIOPERAT I ONAL INTERIM OPERAT I ONAL

PREOPERAT I ONAL INTERIM OPERAI I ONAL

226



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

T,IURICEA FRUTICOSI

PREOPERAT I ONAL

SOKU

o.5

o .3
D
E o.1
T
A-o . t

- o  . 3

-o  . 5

-  SOKD UNTRANSFORMED

JULaO JANaI ,rULa1 .|ANA2 ,rULa2 .rANAS JAN85 JULAS JANaB JULAA t ANaT

SOKU -  SMK

NO TEST

ASSUMPTIONS NOT MET

SOKU

-o .5

-BK Loc(x)

PREOPERAT I  ONAL OPERAT I  ONAL

P- t .o
L
T
A

- 1 . 5

- 2 . O

JULAO JANAl  JULAl  JANA2 .JULEz JANAS JANAs JULES .JANA6 JULA6 JANAT
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t
I
I
I
I
I
l
I
I
I
I
T
I
I
I
I
I

S Tft O^IG YLA C E N T RA TU S PU RPU RATUS

D I FFERENCE BETWEEN SIAT I ON MTANS

O JA JO JA JO JA JOJAJO JA JO JA JO J
1 98 1 1982 1 983 1 984 1 985 1 986

EIEE SOKU-BK OeO S6KU-SMK OOg SgKU-SSKD

1

0

-1

-2

-3

-4

-5

I
I

STAI I ON MEANS

N

E.
IlJ
m
:)
z

1981 1982 1 983 1 984 1 985 1986
EIEIE Bt( OeO SMK S0KD +e+ S0KU

PREOPERAT I ONAL INTERIM OPIRAT I ONAL

O J A J O J A.I  O J A JO JA JO J A J O J A J O J

PREOPERAT I ONAL INTERIM OPERAT I ONAL
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I
I
I
I
I
t
I
I
I
I
I
l
t
I
I
I
I
I
I

S TR OTT GYLA C E N TROTU-S PU RPU RATUS
SOKU

o.2

-  SOKD UNTRANSFORMED

-o ,  1
. J U L A O . J A N E l  . J U L A l .,ANA2 JUL82 .. ,ANAs JANAS . ' |ULAs JANA6 .JULA6 .JAN87

SOKU -  SMK LOG(X-|.,O. O2s)

Dr
L
T
A

o.5

o.o

- 0 . 5

- 1 . O

- 1  . 5

- 2 . O

,JUL8o I ,ANEl  JUL8l  JANa2 JULa2 IJANEJ JANES,rUL65 JANao JULaO JANET

SOKU -  BK

NO TEST

ASSUMPTIONS NOT MET

PREOPERAT I  ONAL OPERAT I  ONAL

PREOPERAT I ONAL OPERAT I ONAL
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I
I
I
I
I
I
t
I
I
I
I
I
I
T
I
I
I
t
I

S TR O^IG YLO C E N TRATUS PU RPU RATUS

N

E.
Lil
m
3
z

STAT I ON MEANS

OJAJOJAJOJAJOJAJOJAJOJAJOJ
1 98 1 1982 1 98J 1 984 1 985 1 986

ElEif, BK o€o sMK SOKD o{+ SOKU

D I FFTRENCE BETWEIN STAI I ON MEANS

PREOPERAT I ONAL INTTRIM OPIRAT I ONAL

PREOPTRAT I CNAL OPERAT I ONALINTIRIM

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 gBJ 1 984

ElEf, SOKU-BK OeO SoKU-SMK

JAJOJAJOJ
1 985 1 986

OOO SOKU-SOKD
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T
t
I
I
t
t
I
I
t
I
I
I
t
t
I
I
I
I
I

,S TR O^I GYL O C E N T ROTIIS PU RPU RATUS

0 .
h

i -  - u ,

T

- t  -

SOKU -  SOKD Loc(X+ 1  )

o .5

o .o

-o .5

- 1  . 5

- 2 . O

. JULaO JANa 1  JULa 1  JANa2 ,JULa2 iJAN83 ,JAN85 . rUL85 . rAN86 JULaG JANaT

soKU -  sMK LOG(X_FO.O25 )

P R E O P E R A T  I  O N A L OPERAT I  ONAL
5

o

5

o
. tuLao . J A N a 1  J U L a I  J A N a z , J U L a 2  . r A N 8 3  . r A N E S  J U L E S  J A N E 6  . l u L 8 6  J A N E T

SOKU -  BK Loc(x-F 1 )

O P E R A T  I  O N A L
o . 5

o . o

- o  . 5

- t - u

- 1  . 5

- 2 . O

J U L E O J A N 8 1  J U L 8 1  J A N 8 2  J U L 8 2  J A N A S  J A N 8 5  J U L 8 5  J A N 8 6  J U L 8 6  J A N 8 7

E
L
T

rt

L
T
A

1

-2

P R E O P E R A T  I  O N A L

a:-.-:--

P R E O P E R A T  I  O N A L O P E R A T  I  O N A L
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t
I
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I
I
I
I
I
I
I
I
l
t
I
t
I
I
I
I

LY T E C H I I{ tis /Ir/iff'S t/S
I
I

-3

STAT I ON MEANS

I

I
0-l
I
I

0l

+

N1

8 . ,
l d L
m
: ) 1
z l

^ i PREoPERAiT oNAL
t F-i

I

I IRIM OPERAT I ONAL

OJAJOJAJOJAJOJAJOJAJOJAJOJ
1981 1982 1983 1984 1985 1986

ElElfl BK cloo sMK soKD o++ soKU

DIFFERENCE BETWEEN STATION MEANS

^., i  PREoPERAT IoNAL
zw

I
I

10

20

I

N loi

\0j
w l
b l

t ! l
g -10i
2 l
l i

Iz _2U

30

OJAJOJAJOJAJOJAJO
1981 1982 1983 1984

EEIE S0KU-BK OOO S0KU-SMK

JAJOJAJOJ
1 985 1 986

€O SOKU-SOKD

INTERIM OPERAT I ONAL
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T
t
I
I
I
I
I
I
I
t
I
I
t
I
I
t
I
I
I

LY T E C H I N I/S /AI/MT'S t/.S

S O K U

2 . 5

2 . O

P 1 .s
F

L
T  1 . O
A

o.5

o .o

-o  .5

-  S M K uoc(x+ r )

JULAO JANEl T,ULA1 JANAz 'JULAz 'JANEs JANES 'JULE5 JANE6 JUL85 JANET

SOKU -  BK UNTRANSFORMED

OPERAT I  ONALPREOPERAT I  ONAL
27

1 A

9

o

-9

- 1 8

-27

J A N A l  J U L 8 1  J A N A 2  J U L A 2  J A N 8 5  J A N 8 5 . ' U L A s  J A N A 6  J U L A 6  J A N A T

SOKU -  SOKD U NTRANSFO RM ED

OPERAT I  ONALPREOPERAT I  ONAL
27

1 8

9

o

-9

- 1 8

-27

. JULAO JANA 1 JULAl .JANA2 .JULA2 .JANAS .JANAs JULA5 JANA6 JULA6 . 'ANA7

PREOPERAT I  ONAL OPERAT I  ONAL

J U L A O
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I
I
I

LYTECHINUS ANAMT'SIIS

D I FFERENCT BETWEEN STAT I ON MEANS

OJAJOJAJOJAJOJAJO JAJOJAJOJ
1 98 1 1982 1 983 1 984 1 985 1 986

EIEIE SOKU-BK OOO SoKU-SMK OO€' SoKU-SoKD

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

3

2
N

E
hl
m
>-1
f
z.}

- L

-3

30

20

10

0

10

20

30

I
I

STAT I ON MTANS

A

N I

\3
E.
l!
c0?

f
z1

1981 1982 1983 1 984 1 985 1 986
EIEE BK O€O SMK OOO SoKD O€+ S0KU

PREOPERAT I ONAL INTERIM OPERAT I ONAL

OJAJOJAJOJAJOJAJOJAJOJAJOJ

PRIOPERAT I ONAL OPERAT I ONALINTERIM
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I
I
t
t
I
I
t
I
I
I
I
I
t
I
I
l
I
I
I

LYT E C H I N U S A]{ AMT'S I/S
S O K U  _  S O K D

I  p R E o p E R A T T  o N A L
a r 1

I. ' "1
I

D  o l
F  

- l  I  r
L l a - '
T  O J  

'  1
A l  r .

l r-s ' i  *
I- 1 8 i
I
I-27

JULEO JAN81 JULA 1  JANA2 .JUL82 JAN83

S O K U  -  S M K

i  pREopERAT r  oNAL
2.s1

l f
^ ^ l2 . r , 1

l *t _
P 1 .5-. .1 I

L I
T 1 .0 - l  rA l

I
0.s l

I
o.o - l

I
t .- o .5  

-
J U L E O  J A N A l  J U L A l  J A N 8 2  J U L S 2  J A N 8 5

SOKU -  BK

I  pREopERATt  op41
^ - l' '1

I
18J

I
^ l  t
U  9 J  *
F l  . '
t I

U NTR,ANSFO RM ED

O P E R A T  I  O N A L

JAN85 JULAS JAN86 .JULA6 .JANA7

Loc(x)

OPERAT I  ONAL

. JAN85 JULES JAN86 .JULA6 JAN87

U N T R A N S F O R M E D

OPERAT I  ONAL

i n l  -
.  v l  i  

-

A I
-9

- 1 8

-27

J U L S O  J A N A l  J U L A l  J A N A 2  J U L 8 2  J A N A S  J A N 8 5  J U L A 5  J A N 8 6  J U L A 6  J A N 8 7
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t
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I
l
I
t
T
t
I
I
I

S TYE LA I,l ANTE RI'ru' rSIS

D I FFERENCE BETWEEN STAT I ON MEANS

-2

-3

-4

OJAJOJAJOJAJOJAJO
1 98 1 1982 1 gBJ 1 984

ElEf, SoKU-BK O€O S0KU-SMK

JAJOJAJOJ
1 985 1 986

SOKU-SOKD

STAT I ON MTANS

N

E.
KJ
m
:)
L

OJAJOJAJOJ
1 98 1 1982

EIEIB BK OeO

AJOJAJOJ
1985 1984

SMK SOKD

AJOJAJOJ
1 985 1 986
9++ SoKU

PREOPERAT I ONAL INTERIM OPERAT I ONAL

PREOPERAT I ONAL INTERIM OPERAT I ONAL
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S TY E LA II 0 ]\t T E Rg fE.\iS/S

PREOPERAT I  ONAL

-BK

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

LOG (X - r  O.  O2s )

OPERAT I  ONAL

LOG(X+O.O2s)

PREOPERAT I  ONAL OPERAT I  ONAL

SOKU -  SMK

NO TEST

ASSUMPTIONS NOT MET
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t
I
I
I
I

S TY E LA l,l 0 N T E RI' ru'ffS/S

N

v.
LtJ
m

f
z

D I FFERENCE BETWEEN STAT I ON MEANS

OJAJOJAJOJAJOJAJOJAJOJAJOJ
1981 1982 1 983 1 984 1 985 1 986

EElf, SoKU-BK o€o SoKU-SMK oo0 SOKU-S0KD

2

I

0
,|- l

-2

-3

-4

STAI I ON MEANS

N

v.
UJ
m
l
z

1981 1982 1 98J 1 984 1 985 1 986
EIEE BK O€O sMK O'OO SSKD .*+ S'KU

PRTOPERAT I ONAL INTERIM OPERAT I ONAL

OJAJOJAJOJAJOJAJOJAJOJAJOJ

PRIOPERAT I ONAL INTERIM OPERAT I ONAL
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I
I
I
t
l
T
I
t
t
I
t
T
I
t
t
I
l
I
I

S TYE LA fuI A N T E RT' ru'ffS/S
SOKU -  SOKD

NO TEST

ASSU M PTIONS NOT M ET

S O K U  -  S M K

NO TEST

ASSUMPTIONS NOT MET

SOKU -  BK LOG (X -F o.  Ozs)

OPERAT I  ONAL
o .6

o .5

o .o

-o .5

-o .6

-o .9

- 1  . 2

PREOPERAT I  ONAL

D

L
T
A

J U L E O  J A N A l  J U L A l  J A N A 2  J U L 8 2  J A N A S  J A N 8 5  J U L 8 5  J A N A 6  J U L A 6  J A N A T
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I
t
T
t

Append ix  A -1 .

S P E C I E S
TRANS-

CONTROL FOR}'IATION

Resu l t s  o f  t es t s  o f  t he  a .ssumpt ions  under l y ing  the  t - t es t
used in  the BACIP analys is .  A l l  quadrats  were used in
the  ana lys i s .  N l ,  N2  =  samp le  s i zes  fo r  "Be fo re "  and
"Af ter"  per iods,  r 'espect ive ly .  TREND = l inear  t rend in
the  "Be fo re "  pe r iod .

SERIAL
ADDITI- CORRE-

Nl N2 VITY TREND LATION

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

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

Astraea undosa
Astraea undosa
Astraea undosa
Astraea undosa

As t raea  undosa
Astraea undosa
Astraea undosa
As t raea  undosa

As t raea  undosa
Astraea undosa
Astraea undosa
Astraea undosa

Ca l l i os toma spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .

Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma spp .

Ca l l i os toma spp .
Ca l l i os toma spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .

Conus eal i forn icus
Conus  ca l i f o rn i cus
Conus ca l i forn icus
Conus ca l i forn icus

Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus

Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus

SOKD LOG (X+ .025)
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG (X+ .025)
SMK LOG(x+0)
SMK LOG(X+1)
SMK NONE

BK LoG(X+ .025 )
BK  LOG(x+0 )
BK  LOG(x+1 )
BK NONE

SOKD LoG (X+ .O25)
SOKD LoG(X+0)
SOKD LOG(x+1)
SOKD NONE

LoG (X+ .02s  )
LoG (x+0 )
LoG (x+  1)
NONE

LoG (X+ .025 )
LoG (X+ 0 )
LoG (x+  1)
NONE

SOKD LOG(X+ .025 )
soKD LOG(x+0)
SOKD LOc(x+1)
SOKD NONE

LoG (X+  . 025  )
LOG (X+0  )
LoG (X+  1 )
NONE

LoG (X+  .025 )
LOG (X+0  )
LOG (x+  1 )
NONE

88
22
88
88

78
33
78
78

36
01
36
36

27
24
2.7
27

8
8
I
8

8
8
8
8

2
0
2
2

2
0
2
2

5
5
5
6

6
6
6
6

6
5
6
6

5
2
5
5

7
I
7
7

8
8
8
8

.43

.40

.40

.91

.00

.37

.34

.00

:

.53

.52

.66

.61

.L4

.13

.94

.01

.00

.02

.07

.50

. 00

.00

.00

.02

.99

.02

.02

.46

.46

.46

:

.08

.08

.07

.05

.10

.11

.03

.38

.20

.35

.26

.11

SIG
UNK
SIG
SIG

SIG
UNK
SIG
SIG

UNK

UNK
UNK

UNK
UNK
UNK
UNK

UNK

UNK
UNK

UNK

UNK
UNK

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
SIG

254



I
t
I

Append i x  A -1  ( con t . )

SPECIES
TRANS-

CONTROL FORMATION Nl N2

SERIAL
CORRE-

TREND LATION
ADDITI-

VITY

I
I

SMK
SMK
SMK
SMK

BK
BK
BK
BK

I

Cras s i  sp i ra
Crass  i sp i ra
Cras  s  i sp i ra
Cras s  i  sp i ra

Cras  s i sp i ra
Cras  s  i sp i ra
Crass i sp i ra
Cras s  i  sp i ra

semi in f l a ta
semi in f la ta
semi in f la ta
semi in f l a ta

semi in f la ta
semi in f la ta
semi in f la ta
semi in f la ta

C r a s s i s p i r a  s e m i i n f l a t a
Crass isp i ra  semi in f  la ta
C r a s s i s p i r a  s e m i i n f  l a t a
C r a s s i s p i r a  s e m i i n f l a t a

Cypraea spad icea
Cypraea spad icea
Cypraea spad icea
Cypraea spad icea

Cypraea spad ieea
Cypraea spad icea
Cypraea spad icea
Cypraea spad icea

Cypraea spad icea
Cypraea spad icea
Cypraea spad icea
Cypraea spad icea

Ke l l e t i a
Ke1  l e t i a
Ke  1  l e t  i a
Ke l  I e t i a

Ke  1  l e t  i a
Ke  I  l e t  i a
Ke  1  l e t  i a
Ke I  l e t  i a

Ke1  l e t i a
Ke  I  l e t  i a
Ke l  l e t i a
Ke  1  l e t  i a

ke l l e t i i
ke l  l e t  i i
ke l l e t i i
ke l  le t  i i

ke I  1e t  i i
ke 1 le t  i i
ke l l e t i i
ke l  l e t  i i

ke1 le t  i i
ke  1  l e t  i i
ke1  l e t  i i
ke1  Ie t  i i

SOKD LOG(X+ .025 )
SOKD LOG(x+0)
SOKD LOG(X+L)
SOKD NONE

LoG (X+ .02s  )
LOG (X+0 )
Loc (X+ 1)
NONE

LoG (X+  .025 )
LoG (x+0  )
LoG (X+  1 )
NONE

SOKD LOG (X+ .025)
SOKD Loc (X+0)
SOKD LOG(x+1)
SOKD NONE

SMK LoG (X+ .O25)
SMK LOG(X+0)
SMK LOG (x+ 1)
SMK NONE

BK LOG (X+ .025)
BK LoG (X+ 0 )
BK LOG (X+ 1)
BK NONE

SOKD LoG (X+  .025 )
SOKD LOG(X+0)
soKD LOG(X+1)
SOKD NONE

SMK LOG(X+ .025 )
SMK LoG(X+0)
sMK LoG (X+ 1)
SMK NONE

BK LOG (X+ .025)
BK  LOG(X+0 )
BK  LOG(X+1 )
BK NONE

57
43
57
57

55
T2
55
55

N S
NS
N S
N S

58
53
58
58

98
64
98
98

98
98
98
98

98
54
98
98

10
10
10
10

10
L0
10
10

.23

.92

.76

.82

.4L

.28

.22

.26

.19

.42

.43

.30

.83

.83

.85

.87

.92

.70

.68

.04

.38

.00

.00

.20

.15

.94

.60

.23

.18

.93

.32

.08

.07

.14

.07

.64

.07

.23

.20

.03

.02

.02

.25

.27

.28

.29

.05

.36

.20

.22

.13

.15

.10

.10

.18

.s4

.L7

.17

.08

.08

.L4

.13

.07

.07

.L2

.28

.09

.10

.11

.26

N S
N S
N S
N S

NS
UNK
S I G
S I G

S I G
N S
S I G
S I G

N S
N S
NS
N S

N S
N S
N S
NS

N S
N S
N S
NS

N S
NS
N S
N S

N S
N S
N S
NS

r
t
t
I
I
I
I
I
t
I
I
t
I

9
9
9
I

8
8
8
8

8
8
8
8

I
8
8
8
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I
t
t

Append i x  A -1  ( con t . )

SPECIES
TRANS-

CONTROL FORMATION
ADDITI-

Nl N2 VITY TREND

SERIAL
CORRE-
LATION

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

Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus

Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus

Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus

Maxwel l ia gemma
Maxwel l ia genrma
Maxwel l ia genma
Maxwel l ia gemma

Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma

Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia genma

Mi t ra  idae
Mi t ra  idae
Mi t ra  idae
Mi t ra  idae

Mi t ra  idae
Mi t ra  idae
Mi t ra  idae
Mi t ra  idae

Mi t ra  idae
Mi t ra  idae
Mi t ra  idae
Mi t ra  idae

SOKD LoG (X+ .O25)
SOKD LOG(X+0)
SOKD LoG(X+1)
SOKD NONE

SMK LOG (X+ .O25)
SMK LoG(X+0)
SMK LoG(X+1)
SMK NONE

BK LOG (X+ .A25)
BK  LOc (X+0 )
BK LOG (x+ 1)
BK NONE

soKD LoG (X+ .O25)
SOKD LoG(x+0)
SOKD LOG(x+1)
SOKD NONE

SOKD LoG(X+ .025 )
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

LoG(X+ .O25 )
LOG (x+0  )
LOG (x+  1 )
NONE

LoG (X+  .025  )
LoG (X+0  )
LOG (x+  1 )
NONE

LoG (X+  .OZS)
LOG (X+0  )
LoG (X+  1 )
NONE

LoG (X+  .025  )
LOG (X+0  )
LoG (X+  1 )
NONE

10
10
10
10

10
5

10
10

.25

.25

.30

.52

.00

.07

.65

.00

.00

.04

.05

.54

.38

.38

.43

.81

.31

.23

.51

.10

.05

.24

.L4

.72

S I G
S I G
S I G
S I G

S I G
N S
S I G
NS

S l G
NS
N S
N S

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

N S
N S
NS
N S

N S
N S
N S
NS

N S
S I G
N S
N S

8
I
8
8

8
8
8
8

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

98
88
98
98

28
27
28
28

28
27
28
28

28
18
28
28

68
68
68
68

58
57
68
68

68
58
68
58

:

.28

.32

.05

.01

.52

.50

.00

.00

.63

.68

.T7

.03

.47

.46

.58

.55

.42

.74

.48

.57

.78

.04

.45

.51
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I
I
I

A p p e n d i x  A - 1  ( c o n t . )

SPECIES
TRANS-

CONTROL FOR}'IATION
ADDITI-

Nl N2 VITY

SERIAL
CORRE-

TREND LATION

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

Murexie l  Ia  santarosana
Murexie l  1a santarosana
Murexie l  la  santarosana
Murexie l  1a santarosana

Murexie l  la  santarosana
Murexie l la  santarosana
Murexie l  la  santarosana
Murexie l la  santarosana

Murexie l  la  santarosana
Murexie l la  santarosana
Murexie l  la  santarosana
Murexie l  la  santarosana

Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur icea ca l i forn ica
Mur icea ca l i forn ica

Mur i cea  ca l i f o rn i ca
Mur i cea  ea l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca

Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca

Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa

Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa

Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa

SOKD LoG (X+ .O25)
SOKD LOG(x+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG(X+ .025 )
SMK LOG(x+0)
SMK LoG (x+ 1)
SMK NONE

BK LoG(X+ .025 )
BK LoG(X+0)
BK LoG (x+ 1)
BK NONE

SOKD LOG (X+ .O25)
SOKD LOG(X+0)
SOKD LoG(X+1)
SOKD NONE

27
24
27
27

27
25
27
27

5
4
6
6

10
6

10
10

:

.00

.00

.00

.00

.27

.L4

.00

.00

.03

.01

.07

.00

.24

.63

.80

.84

.01

.06

.00

.00

.04

.2 t

.00

.00

.29

.33

.16

.L4

.34

.4L

.03

.01

.53

.55

.30

.26

.24

.27

.11

.11

.30

.26

.66

.78

.98

.64

.13

.10

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

N S
N S
N S
N S

N S
N S
N S
S I G

N S
N S
N S
NS

N S
N S
N S
N S

N S
N S
NS
N S

N S
NS
N S
N S

28
24
28
28

108
108
108
108

108
108
108
108

98
98
98
98

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

LoG (X+  .025  )
LOG (X+0  )
LoG (x+  1 )
NONE

LoG (X+  .O25)
LoG (X+0  )
LoG (X+  1 )
NONE

SOKD LoG (X+ .O25)
SOKD LOG(x+0)
SOKD LOG(X+1)
SOKD NONE

LoG (X+  .Ozs )
LOG (X+0  )
LoG (X+  1 )
NONE

LoG (X+  .A25)
LOG (X+0 )
LoG (X+  1 )
NONE

9
5
9
9

I
5
8
8

I
5
8
8

I
5
8
8
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I
I
I

Append i x  A -1  ( con t . )

SPECIES
TRANS-

CONTROL FOR},TATION
ADDITI-

NI N2 VITY

SERIAL
CORRE-

TREND LATlON

BK
BK
BK
BK

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

Nassa r i us  spp .
Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .

Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .

Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .

Ophiodermel la
Ophiodermel la
Ophiodermel la
Ophiodermel la

Ophiodermel la
0phiodermel la
Ophiodermel la
Ophiodermel la

Ophiodermel la
Ophiodermel la
Ophiodermel la
Ophiodermel la

Parast ichopus
Parast ichopus
Parast ichopus
Parast ichopus

Paras t i chopus
Paras t i chopus
Parast ichopus
Parast ichopus

Paras t  i  chopus
Parast ichopus
Parast ichopus
Paras t i chopus

SOKD
SOKD
SOKD
SOKD

SMK
SMK
SMK
SMK

BK
BK
BK
BK

inermis SOKD
inermis SOKD
inermis SOKD
inermis SOKD

r-nermt-s
inermis
inermis
inermis

inermis
inermis
inermis
inermis

parvimensi SOKD
parvimensi SOKD
parvimensi SOKD
parvimensi SOKD

parvimensi SMK
parvimensi SMK
parvimensi SMK
parvimensi SMK

Parvlmensl
parvimensi
parvimensi
parvimensi

LoG (X+  .A25)
LoG (X+0  )
LoG (X+  1 )
NONE

LOG (X+  . 025  )
LoG (X+0  )
LoG (x+  1 )
NONE

LoG (X+  .02s )
LoG (X+0  )
LoG (x+  1 )
NONE

LoG (X+  .025  )
Loc (X+0 )
LoG (X+  1 )
NONE

LoG (X+  .O25)
LOG (X+0 )
LoG (X+  1 )
NONE

LoG (X+  .025  )
LoG (x+0  )
LOG (X+  1 )
NONE

LoG (X+  .025 )
LoG (x+0  )
LoG (X+  1 )
NONE

LoG (X+  . 02s  )
LoG (X+0  )
LoG (x+  1 )
NONE

LoG (X+  . 025  )
LOG (X+0  )
LoG (x+  1 )
NONE

10
2

10
10

.27

.00

.00

.01

.00

.00

:

.80

.68

.66

.25

.49

.58

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK

UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

NS
UNK
NS
NS

NS
UNK
NS
NS

27
16
27
27

28
17
28
28

z8
15
28
28

25
23
25
25

25
02
25
25

27
12
27
27

25
12
25
25

8
3
I
8

8
3
I
8

SMK
SMK
SMK
SMK

BK
BK
BK
BK

9
1
9
9

2s8



il
I
I

Append i x  A -1  ( con t . )

SPECIES
TRANS-

CONTROL FORI,IATION Nl N2

SERIAL
CORRE-

TREND LATION
ADDITI-

VITY

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

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

Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva

Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva

Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva

S.  purpuratus
S.  purpuratus
S.  purpuratus
S.  purpuratus

S.  purpuratus
S.  purpuratus
S.  purpuratus
S.  purpuratus

S.  purpuratus
S.  purpuratus
S.  purpuratus
S.  purpuratus

Styela montereyensis
StyeIa montereyensis
StyeIa montereyensis
Styela montereyensis

StyeIa montereyensis
S tye la  mon te reyens i s
S tye la  mon te reyens i s
Styela montereyensis

Styela montereyensis
Styela montereyensis
Styela montereyensis
Styela montereyensis

SOKD LOG(X+ .025 )
SOKD LoG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG (X+  .025 )
SMK LoG(X+0)
SMK LOG (x+ 1)
SMK NONE

BK LoG (X+ .AZ5)
BK LOG (X+0 )
BK LoG (x+ 1)
BK NONE

SOKD LOG (X+ .O25)
SOKD LOG(X+0)
SOKD LoG(x+1)
SOKD NONE

8
8
8
I

8
8
8
8

8
8
8
8

8
3
8
8

2
2
2
2

2
2
2
2

2
1
2
2

UNK
UNK
UNK
UNK

10
7

10
10

10
10
10
10

9
8
9
9

10
10
10
10

10
10
10
10

.02

.06

.92

.88

.95

.68

.00

.00

.00

.02

.01

.01

.22

.49

.00

.00

.04

.03

.07

.06

.31

.35

.20

.L7

.37

.zo

.46

.54

.15

.19

.42

.01

.99

.88

.45

.37

.L7

.34

.00

.00

.01

.01

.00

.00

.L4

.L7

.05

.03

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

NS
N S
N S
N S

N S
NS
N S
N S

NS
N S
N S
N S

NS
N S
S I G
S I G

S I G
S I G
S I G
S I G

N S
NS
S I G
s lG

LOG (X+  . 02s  )
Loc  ( x+0  )
LoG (X+  1 )
NONE

LoG (X+  .025 )
Loc  ( x+0  )
LoG (X+  1 )
NONE

SOKD LoG (X+ .025)
SOKD LoG(X+0)
SOKD LoG(X+1)
SOKD NONE

L o G ( X + . 0 2 5 )
L O G  ( X + 0  )
L O G  ( X +  1 )
NONE

L o G  ( X +  . O Z 5 )
L O G  ( X + 0  )
LoG (x+  1)
NONE

9
9
9
9

8
7
8
8

7
5
7
7

2
0
2
2

8
1
8
I

6
I
6
6
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I
I
I

Append i x  A -1  ( con t . )

SPECIES
TRANS-

CONTROL FOR},IATION Nl N2

SERIAL
CORRE-

TREND LATlON
ADDITI-

VITY

2
0
2
2

2
0
2
2

2
1
2
2

SMK
SMK
SMK
SMK

BK
BK
BK
BK

I
I
I
I
I
I
I
I
I

Tegu la
Tegu la
Tegu la
Tegu la

Tegula
Tegula
Tegu la
Tegu la

Tegu la
Tegu la
Tegu la
Tegula

Tethya
Tethya
Tethya
Tethya

Tethya
Tethya
Tethya
Tethya

Tethya
Tethya
Tethya
Tethya

aureo t i nc ta
aureot incta
aureot incta
au reo t i nc ta

aureot incta
aureot incta
aureot incta
au reo t i nc ta

au reo t i nc ta
aureot incta
aureot incta
au reo t i nc ta

aurantia
aurantia
aurantia
aurantia

aurant ia
aurantia
aurantia
aurantia

aurantia
aurant ia
aurant ia
aurantia

SOKD LOG(X+ .025 )
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

LoG (X+  .025  )
LOG (X+0  )
LOc  (X+  1 )
NONE

LoG (X+ .  025 )
LOG (X+0 )
LOG (X+  1 )
NONE

10
5

10
10

10
10
10
10

:

. 01

.15

.92

.73

.L7

.04

.61

.46

.58

.46

.69

.56

:

.01

.27

.00

.00

.13

.15

.08

.08

.13

.11

.27

.30

UNK

UNK
UNK

UNK

UNK
UNK

UNK
UNK
UNK
UNK

NS
NS
SIG
SIG

NS
NS
NS
NS

NS
NS
NS
NS

4
3
4
4

6
2
6
6

3
0
3
3

8
7
8
8

SOKD LOG (X+ .025)
SOKD LoG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LoG (X+ .025)
SMK LoG(X+0)
SMK LOG (X+ 1)
SMK NONE

BK LoG(X+ .025 )
BK LOG (x+0 )
BK LOG (X+ 1)
BK NONE

9
9
9
9

8
2
I
8

8
8
8
8

I
I
I
I
I
t
I
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SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

BK
BK
BK
BK

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

Append ix  A -2 .  Resu l t s  o f  t es t s  o f  t he  assumpt ions  under l y ing  the  t - t es t
used in  the BACIP analys is .  Only  quadrats  not
impacted by urehin fronts or heavy (t= 25% cover)
depos i t s  o f  s i l t  we re  used  i n  the  ana lys i s .
N l ,  N2  =  samp le  s i zes  fo r  "Be fo re "  and  "A f te r "  pe r iods ,
respect ive ly- .  TREND = l inear  t rend in  the "Before"
per iod.  SERIAL

TRANS- ADDITI- CORRE-
SPECIES CONTROL FOR},IAT]ON Nl N2 VITY TREND LATION

As t raea  undosa
As t raea  undosa
As t raea  undosa
As t raea  undosa

As t raea  undosa
As t raea  undosa
Astraea undosa
Astraea undosa

Astraea undosa
As t raea  undosa
Astraea undosa
Astraea undosa

Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .

Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma  spp .

Ca l l i os toma  spp .
Ca l l i os toma  spp .
Ca l l i os toma spp .
Ca l l i os toma  spp .

Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus

Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus
Conus ca l i forn icus

Conus ca l i forn icus
Conus  ca l i f o rn i cus
Conus ca l i forn icus
Conus ca l i forn icus

SOKD LOG (X+ .O25)
SOKD LOG(X+0)
SOKD LOG(x+1)
SOKD NONE

LoG (X+ .025)
LoG (x+0 )
LoG (x+  1)
NONE

LoG (X+  .OZS)
LOG (x+0  )
LoG (x+  1 )
NONE

S0KD LoG (X+ .025)
SOKD LOG(x+0)
SOKD LOG(x+1)
SOKD NONE

LoG (X+  .025 )
LOG (x+0  )
Loc  ( x+  1 )
NONE

LoG (X+ .  025 )
Loc (X+0 )
LoG (X+  1 )
NONE

SOKD LOG(X+ .025 )
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG (X+ .025)
SMK LOG (x+0 )
SMK LOG (x+ 1)
SMK NONE

LoG(X+ .025 )
LOG (X+0  )
LoG (X+  1 )
NONE

26L

88
22
88
88

58
22
58
58

36
01
36
36

27
23
27
27

24
02
24
24

25
01
25
26

68
67
68
68

68
57
68
68

68
57
68
58

.20

.L4

.L4

.50

.23

.2L

.00

.00

.00

.04

.02

.42

SIG
UNK
SIG
SIG

NS
UNK
NS
NS

UNK

UNK
UNK

UNK
UNK
UNK
UNK

UNK

UNK
UNK

UNK

UNK
UNK

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

.90

.91

.57

.05

.78

.66

.02

.00

.01

.02

.19

.11

:

.09

.09

.16

.55

.27

.27

.7L

.95

.24

.40

.46

.73



I
I
I
I

Append i x  A -2  ( con t . )

SPECIES
TRANS-

CONTROL FORMATION
ADDITI-

NI N2 VITY TREND

SERIAL
CORRE-
LATION

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

Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f l a ta
Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta

Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta

Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta
Crass i sp i ra  semi in f  l a ta

Cypraea spadicea
Cypraea spadicea
Cypraea spadicea
Cypraea spadicea

Cypraea spadicea
Cypraea spadicea
Cypraea spadicea
Cypraea spadicea

Cypraea spadicea
Cypraea spadicea
Cypraea spadicea
Cypraea spadicea

Ke l l e t i a  ke l l e t i i
Ke l l e r i a  ke l l e t i i
Ke l l e t i a  ke l l e t i i
Ke l l e t i a  ke l l e t i i

Ke l l e t i a  ke l l e t i i
Ke l l e t i a  ke l l e t i i
Ke l l e t i a  ke l l e t i i
Ke l l e t i a  ke l l e t i i

Ke l l e r i a  ke l l e r i i
Ke l l e t i a  ke l l e r i i
Ke I l e t i a  ke l l e t i i
Ke l l e t i a  ke l l e t i i

SOKD LOG (X+ .025)
SOKD LOG(X+0)
SOKD LOG(x+1)
SOKD NONE

SMK LoG (X+ .025)
SMK LOG(x+0)
SMK LoG (X+ 1)
SMK NONE

BK LoG (X+ .025)
BK  LOG(x+0 )
BK LoG (X+ 1)
BK NONE

SOKD LOG(X+ .025 )
SOKD LoG(X+0)
SOKD LOG(X+1)
SOKD NONE

57
42
57
57

s4
L2
54
54

58
52
58
s8

98
53
98
98

98
57
98
98

10
10
10
10

10
10
10
10

.35

.87

.89

.94

.95

.10

.07

.29

.23

.41

.41

.69

.02

.11

.08

.78

.61

.90

.86

.45

.41

.31

.28

.46

.43

.65

.66

.87

.87

.80

.43

.L2

.L2

.13

.03

"67
.22
.29
.26

.05

.09

.09

.4L

.43

.40

.4L

.22

.4L

.64

.68

.80

.42

.89

.88

.24

.54

.20

.zo

.23

.23

.27

.24

.54

.54

.54

.63

.09

.09

.L4

.38

N S
NS
N S
NS

N S
UNK
NS
NS

N S
NS
N S
NS

NS
N S
NS
N S

N S
S I G
NS
NS

NS
NS
NS
N S

N S
N S
NS
NS

N S
N S
N S
N S

N S
N S
S I G
N S

SMK
SMK
SMK
SMK

BK
BK
BK
BK

LOG (X+  .025 )
LOG (X+ 0 )
LOG (x+  1 )
NONE

LOG (X+  .025 )
LOG (x+0  )
LoG (X+  1 )
NONE

SOKD LoG(X+ .025 )
SOKD LoG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG (X+ .025)
sMK LOG(X+0)
sMK LOG (x+ 1)
SMK NONE

BK LoG(X+ .025 )
BK LOG (X+0 )
BK LOG (x+ 1)
BK NONE

9
4
I
9

9
9
9
9

7
4
7
7

I
8
8
8

8
8
I
I

8
8
8
8

262



I
I
I
I

Append i x  A -2  ( con t . )

SPECIES
TRANS-

CONTROL FORI'{ATION NI N2
ADDITI-

VITY TREND

SERIAL
CORRE-
LATION

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

Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus

Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus

Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus
Lytechinus anamesus

Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma

Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia gemma

Maxwel l ia gemma
Maxwel l ia gemma
Maxwel l ia genma
Maxwel l ia gemma

Mi t ra  idae
Mi t ra  idae
Mi t ra  idae
Mi t ra  idae

M i t r a  i d a e
Mi t ra  idae
Mi t ra  idae
Mi t ra  idae

Mi t ra  idae
Mi t ra  idae
Mi t ra  idae
Mi t ra  idae

SOKD LOG(X+ .025)
SOKD LOG(X+0)
SCKD LOG(X+1)
SOKD NONE

SMK LOG(X+ .025 )
SMK LOG (x+0 )
sMK LOG(X+1)
SMK NONE

BK LOG (X+  .A25)
BK  LOG(x+0 )
BK LoG (X+ 1)
BK NONE

SOKD LoG(X+ .A25)
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

SOKD LoG(X+ .025 )
SOKD LoG(X+0)
SOKD LOG(X+1)
SOKD NONE

LoG (X+  .025  )
LoG (x+0  )
LoG (X+  1 )
NONE

LoG (X+  .025 )
Loc (x+0 )
LOG (X+  1 )
NONE

LOG (X+ .OZ5)
LoG (x+0 )
LOG (X+  1 )
NONE

LOG (X+  .025 )
Loc (x+0 )
Loc  (X+  1 )
NONE

10
10
10
10

10
4

10
10

.62

.62

.68

.92

.08

.85

.00

.00

.01

.10

.15

.92

.64

.64

.74

.89

.92

.65

.15

.06

.08

.40

.25

.90

:

src
S I G
S I G
S T G

N S
N S
S I G
S I C

S I G
N S
N S
NS

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

N S
N S
N S
N S

S I G
NS
N S
N S

NS
S I G
N S
N S

8
I
8
8

8
8
8
8

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

98
88
98
98

28
27
28
28

28
27
28
28

28
18
28
28

68
67
68
68

68
45
68
58

68
57
58
68

:

.2L

.24

.03

.00

.4s

. 00

.00

.65

.62

.09

.01

.33

.33

.38

.47

.02

.L6

.23

.35

.63

.02

.2L

.31

263



I
I
I
I

Append i x  A -2  ( con t . )

SPECIES
TRANS-

CONTROL FORI.{ATION
ADDITI-

Nl N2 VITY

SERIAL
CORRE-

TREND LATION

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

Murexie l la  santarosana
Murexie l la  santarosana
Murexie l la  santarosana
Murexie l la  santarosana

Murexie l la  santarosana
Murexie l la  santarosana
Murexie l la  santarosana
Murexie l la  santarosana

Murexie l la  santarosana
Murexie l la  santarosana
Murexie l la  santarosana
Murexie l  la  santarosana

Mur icea ca l i forn ica
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn iea

Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca

Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca
Mur i cea  ca l i f o rn i ca

Mur ieea  f ru t i eosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa

Mur i cea  f ru t i eosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa

Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa
Mur i cea  f ru t i cosa

SOKD LoG(X+ .025)
SOKD LOG(X+0)
SOKD LOG (X+ 1)
SOKD NONE

SMK LoG (X+ .025)
SMK LOG (x+ 0 )
sMK LOG (X+ 1)
SMK NONE

BK LoG (X+  .025 )
BK  LOG(X+0 )
BK LOG (x+ 1)
BK NONE

SOKD LoG (X+ .025)
SOKD LoG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG(X+ .025 )
SMK LoG (X+0 )
SMK LoG (X+ 1)
SMK NONE

BK LOG(X+ .025 )
BK LOG (x+ 0 )
BK LoG (X+ 1)
BK NONE

SOKD LoG(X+ .025 )
SOKD LOG(x+0)
SOKD LOG(x+1)
SOKD NONE

SMK LoG(X+ .025 )
sMK LOG(X+0)
SMK LOG (x+ 1)
SMK NONE

BK LOG (X+  .OZ5)
BK  LOG(X+0 )
BK LoG (X+ 1)
BK NONE

27
24
27
27

27
25
27
27

28
24
z8
28

108
108
108
108

108
108
108
108

98
98
98
98

.01

.00

.01

.00

.46

.60

.00

.00

.06

.04

.26

.00

:

.4L

.4s

.20

.17

.18

.20

.03

.02

.50

.51

.32

.27

.7L

.7L

.7L

.48

.49

.50

.07

.07

.08

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

N S
N S
NS
NS

N S
N S
N S
N S

N S
NS
N S
NS

N S4
0
4
4

10
0

10
10

8
5
8
8

8
5
8
8

I
5
8
8

.00

NS
N S

N S

N S
N S

9
0
9
9

N S

NS
NS

264
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I
I
I

Append ix  A -2  ( con t .  )

SPECIES
TRANS-

CONTROL FOR},IATION Nl N2

SERIAL
CORRE-

TREND LATION
ADDITI.

VITY

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

Nassar ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .

Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .

Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .
Nassa r ius  spp .

Ophiodermel la
Ophiodermel la
Ophiodermel la
Ophiodermel la

Ophiodermel la
Ophiodermel la
Ophiodermel la
Ophiodermel la

Ophiodermel la
Ophiodermel la
Ophiodermel la
Ophiodermel la

Parast ichopus
Paras t i chopus
Parast ichopus
Parast ichopus

Paras t i chopus
Paras t  i  chopus
Parast ichopus
Paras t i chopus

Parast ichopus
Parast ichopus
Parast ichopus
Parast ichopus

SOKD
SOKD
SOKD
SOKD

SMK
SMK
SMK
SMK

BK
BK
BK
BK

inermis SOKD
inermis SOKD
inermis SOKD
inermis SOKD

inermis
inermis
inermis
inermis

inermis
inermis
inermis
inermis

parvimensi SOKD
parvimensi SOKD
parvimensi SOKD
parvimensi SOKD

Parvr-mensL
parvimensi
parvimensi
parvimensi

parvimensi
parvimensi
parvimensi
parvimensi

LoG (X+ .  025 )
LOG (x+0  )
LoG (X+  1 )
NONE

LoG (X+  .025  )
LoG (X+0 )
LoG (X+  1 )
NONE

LoG(X+ .025 )
LoG (x+0  )
LoG (X+  1 )
NONE

LoG (X+  .025  )
LOG (X+0 )
LoG (x+  1 )
NONE

LOG(X+ .O25 )
LoG (x+ 0 )
LoG (x+  1 )
NONE

LoG(X+ .O25 )
LOG (X+0  )
LoG (X+  1 )
NONE

LoG (X+  .O25)
LoG (x+0 )
LoG (x+  1 )
NONE

LoG (X+  .O25)
LOG (x+0  )
LoG (X+  1 )
NONE

LoG(X+ .O25 )
LOG (X+ 0 )
LOG (X+  1 )
NONE

27
15
27
27

26
15
26
26

28
14
28
28

24
12
24
24

14
01
14
L4

15
02
15
15

24
02
24
24

8
2
8
8

8
2
8
8

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

10
I

10
10

.61

.48

.38

.19

.4L

.49

UNK

UNK
UNK

UNK

UNK
UNK

UNK

UNK
UNK

NS
UNK
NS
NS

9
0
9
9

.04

.08

.42

.00

.00

.00

N S

N S
N S

265



I
I
I
I

Append i x  A -2  ( con t . )

SPECIES
TRANS-

CONTROL FORI.,TATION Nl N2
ADDITI-

VITY TREND

SERIAL
CORRE-
LATION

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

Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva

Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva

Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva
Pteropurpura fest iva

S.  purpuratus
S.  purpuratus
S.  purpuratus
S .  pu rpu ra tus

S.  purpuratus
S.  purpuratus
S.  purpuratus
S.  purpuratus

S.  purpuratus
S.  purpuratus
S.  purpuratus
S.  purpuratus

Styela montereyensis
Styela montereyensis
Styela montereyensis
S tye la  mon te reyens i s

StyeIa montereyensis
S tye la  mon te reyens i s
Styela montereyensis
Styela montereyensis

S tye la  mon te reyens i s
S tye la  mon te reyens i s
StyeIa montereyensis
Styela montereyensis

SOKD LOG (X+ .025 )
SOKD LOG(x+0)
SOKD LOG(X+1)
SOKD NONE

LoG (X+  .025 )
LOG (X+0  )
LoG (X+  1 )
NONE

LOG (X+  . 025  )
LOG (X+0  )
LoG (x+  1 )
NONE

SOKD LOG(X+ .025 )
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

LoG (X+  .O25)
LOG (X+0  )
LoG (x+  1 )
NONE

LOG (X+  . 025 )
LOc  (X+0  )
LoG (X+  1 )
NONE

SOKD LOG(X+ .025 )
SOKD LoG(X+0)
SOKD LOG(x+1)
SOKD NONE

SMK LoG (X+ .O25)
SMK LOG(X+0)
SMK LOc(x+1)
SMK NONE

BK LOG(X+ .025 )
BK  LOG(x+0 )
BK LOG (X+ I )
BK NONE

28
28
28
28

28
27
28
28

28
18
28
28

10
7

10
10

10
10
10
10

9
8
9
9

10
10
10
10

10
10
10
10

.27

.53

.4L

.28

.86

.81

.01

.00

.05

.L9

.11

.10

.09

.13

.00

.00

.05

.47

.00

.00

.53

.58

.08

.02

.37

.26

.49

.59

.07

.09

.02

.02

.87

.76

.58

.48

.L2

.L6

.00

.00

.00

.00

.00

.00

.20

.26

.03

.01

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

UNK
UNK
UNK
UNK

N S
NS
NS
NS

N S
N S
NS
N S

NS
NS
N S
NS

s lG
N S
s lG
S I G

S I G
S l G
S I G
S I G

NS
NS
S I G
S I G
s

SMK
SMK
SMK
SMK

BK
BK
BK
BK

SMK
SMK
SMK
SMK

BK
BK
BK
BK

7
0
I

7

8
3
I
I

6
2
6
6

1
0
1
I

9
9
9
o

5
0
5
5

6
0
6
6
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I
I
I
I

A p p e n d i x  A - 2  ( c o n t . )

S P E C I E S
TRANS-

CONTROL FORI.{ATION
ADDITI-

N1 N2 VITY

SERIAL
CORRE-

TREND LATION

I
I
I
I
T
I
I
I

Tegu Ia
Tegu la
Tegu Ia
Tegu la

Tegu la
Tegu la
Tegula
Tegu la

Tegula
Tegu Ia
Tegu la
Tegu la

Tethya
Tethya
Tethya
Tethya

Tethya
Tethya
Tethya
Tethya

Tethya
Tethya
Tethya
Tethya

aureo t i nc ta
aureot incta
aureo ' t incta
au reo t i nc ta

aureot incta
aureot incta
aureot incta
aureot incta

au reo t i nc ta
aureot incta
aureot incta
aureot incta

aurantia
aurant ia
aurantia
aurant ia

aurant ia
aurant ia
aurant ia
aurantia

aurant ia
aurantia
aurant ia
aurant ia

SOKD LOG (X+ .O25)
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

sMK LOG (X+ .O25)
SMK LOG (x+0 )
SMK LOG (x+ 1)
SMK NONE

BK LoG (X+ .025)
BK LOG(x+0)
BK LOG (X+ 1)
BK NONE

SOKD LOG (X+ .O25)
SOKD LOG(X+0)
SOKD LOG(X+1)
SOKD NONE

SMK LOG(X+ .025 )
SMK LOG(X+0)
SMK LOG (x+ 1)
SMK NONE

BK LOG (X+ .O25)
BK  LoG(X+0 )
BK LOG (x+ 1)
BK NONE

4
1
4
4

3
I
3
3

1
0
1
1

I
6
8
8

2
0
2
2

2
0
2
2

2
1
2
2

10
4

10
10

10
9

10
10

.

.02

.44

.64

.45

.08

.47

.79

.64

.20

.L7

.39

.44

.01

.64

.02

.02

.32

.19

.15

.15

.24

.23

.31

.33

UNK

UNK

UNK
UNK

N S
N S
NS
N S

N S
NS
NS
N S

NS
N S
N S
N S

UNK
UNK
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APPENDIX B:  FLOW CHARTS OF COMPUTER PROGRAMS
USED TO PRODUCE THE TABLES AND F IGURES
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$p*e-"- p"t"SL)

AU
i" o&*vi4
t t

I n t e r m e d i a t e  d a t a  b a s e s .
in  f low char ts

BENTMEAN SAS
DBBENTMN. SURVO222

Flow char t  fo . r  in termediate data bases used
l i s ted  on  the  fo l l ow ing  Pages .

DBBENT. SUROz - DBBENT.SUR22

BENTMN2 SAS BENTMN3 SAS
DBBENTMz . SURVO222 DBBENTM3 . SURVO222

MKBACDBS SAS

I
I

DBBACICT . ALLQUAD

BTEST1 SAS
BTEST2 SAS
BTEST3 SAS

DBBACTST . ALLSUSK
DBBACTST . ALLSUSD
DBBACTST . ALLSUBK
DBASSUMP . ALLSUSK
DBASSUMP . ALLSUSD
DBASSUMP . ALLSUBK

DBBACICT . NOIMPACT

BTEST4 SAS
BTESTs SAS
BTEST6 SAS

DBBACTST . NOISUSK
DBBACTST. NOISUSD
DBBACTST . NOISUBK
DBASSUMP. NOISUSK
DBASSUMP . NOISUSD
DBASSUMP. NOISUBK

I
I

I
DBBACICT. IMPACTED
DBBACICT. COMBINED

I
I
I
I

I
I
I

CONCAT SAS

DBASSUME . ALLQDCNT
DBASST'ME . NOIMPCNT
DBBACTST . ALLQDCNT
DBBACTST. NOIMPCNT

t
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Table 1.  Date and durat ion of  benth ic  surveys.

Constructed by hand f rom data notebooks.

Tab le  2 .  Samp le  s i ze  by  pe r iod  fo r  t he  va r ious  spec ies  and  subs t ra tes
for  which abundances were est imated as par t  o f  the s tudy of
the ef fects  of  SONGS on large benth ic  organisms.

DBBENT. SURO2 - DBBENT.SUR22

BENTMEAN SAS

DBBENTMN. SURVO222

CNT_TABL SAS

Tab1e  2 .

Tab le  3 .  Subs t ra te  c l ass i f i ca t i on .
f r om Shepa rd ,  F .  P .  L973 .
N .Y .  :Ha rpe r  &  Row.  )

h scale taken f rom
Geo logy ,  3 rd  ed .

(Wentwort
Submarine

Constructed by hand.

Table 4.  Date and durat ion of  ke lp recru i tment  surveys.

Const ruc ted  by  hand f rom data  no tebooks .
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Tab le  5 .  Ave rage  dens i t y  (number  I  ^2  )  o f  spec ies  se lec ted  fo r
BACIP analys is .  Species which were counted dur ing two or
more preoperational surveys and which had an average density
in  the San Onofre ke lp forest  o f  a t  least  L  /  10 m2 on
on one or  more surveys were se lected for  fur ther  analys is .
Stat ion means over  a l l  surveys dur ing the preoPerat ional
and operat ional  per iods are tabulated.

DBBENT.SURO2 - DBBENT. SUR22

BENTMEAN SAS

DBBENTMN. SURVO222

SPMEAN SAS

Tab1e  5 .
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Tab le  6 . E f fec t  o f  an  u rch in  f ron t  a t  SMK on  ben th i c  i nve r teb ra tes .
A moving aggregat ion of  red urch ins was f i rs t  noted grazLng
on  the  s tudy  t ransec ts  i n  Sep tember  1986 .  Su rveys  conduc ted
p r io r  t o  t ha t  t ime  a re  de f i ned  as  "Be fo re " ;  a l l  o the rs  a re
"A f te r " .  " Impac t "  quadra ts  a re  those  tha t  were  a f fec ted  by
the  u rch in  f ron t ;  t he  una f fec ted  quadra ts  a re  cons ide red  the
"Con t ro l " .  Cases  whe re  P  >  0 .05  f o r  t he  t es t  o f  add i t i v i t y
and  whe re  P  <  0 .20  f o r  t he  t - t es t  a re  t abu la ted .
N l  =  number  o f  su rveys  i n  t he  "Be fo re "  pe r iod ;
N2  =  number  o f  su rveys  i n  t he  "A f te r t '  pe r i od .

DBBACICT.COMBINED (See in termediate data base f low d iagram)

URSILTDB SAS

DBIMPACT. URFRONT

BACTTEST EXEC (URCHBACT

DBASSUM.URFRONT
DBBTEST.URFRONT

MKDBURSL  SAS

DBURFRNT. FORTABL

URFTTABL SAS

Tab le  6 .

MACROCAL)
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Tab le  7 . Ef fect  o f  an urch in f ront  a t  S.OKU on benth ic  inver tebrates.
A moving aggregation of red urchins was f irst noted grazi-ng
on the s tuai  t iansects  in  September 1986.  Surveys conducted
p r io r  t o  t ha t  t ime  a re  de f i ned  as  "Be fo re " ;  a l l  o the rs  a re
i 'Af ter" .  " Impact"  quadrats  are those that  were af fected by
the urch in f r -ont ;  the unaf  fected quadrats  are considered the
"Con t ro l " .  Cases  where  P  >  0 .05  fo r  t he  tes t  o f  add i t i v i t y
and  where  P  <  0 .20  fo r  t he  t - t es t  a re  tabu la ted .
Nl  = number of  surveys in  the "Before"  per iod;
N2 = number of  surveys in  the "Af ter"  per iod.

DBBACICT.COMBINED (see in termediate data base f lovr  d iagram)

URSILTDB SAS

DBIMPACT. SILT

BACTTEST EXEC (STLTBACT I{ACROCAL)

DBASSUM. SILT
DBBTEST. SILT

MKDBURSL SAS

DBSILT. FORTABL

SILTTABL SAS

Tab le  7 .
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Tab les  8 -11 .  Resu l t s  o f  BACIP  anayses  on  va r ious  spec ies  o f  sna i l s
(Tables 8 and 9)  and species other  than snai ls  (Tables 10
and 11) .  The average del tas in  the PreoPerat ional  and
opera t i ona l  pe r iods  were  compared  w i th  a  t - t es t  (P  >  T ) .
The del tas are the d i f ferences in  the mean densi t ies of
organisms at  the impact  and contro l  s ta t ions on each survey.
Al l  quadrats  were used in  the analyses for  Tables 8 and 10.
Only quadrats not impacted by urchin fronts or heavy (t=
25% eovet)  deposi ts  of  s i l t  were used in  analyses for  Tables
9 and 11.  Nl ,  N2 = sample s izes for  "Before"  and "Af ter"
pe r iods ,  respec t i ve l y .  TREND =  P -va lue  fo r  a  tes t  f o r  a
l inear  t rend dur ing the operat ional  per iod.  #  = test  for
ser ia l  corre la t ion in  operat ional  data was s ign i f icant .

DBASSUM. ALLQDCNT
DBASSUM. NOIMPACT
DBBACTST . ALLQDCNT
DBBACTST . NOIMPACT

DBBTTABL SAS

DBALLDAT. BACTABL
DBNOIDAT. BACTABL

SELECT SAS

DBSELECT . ALLQUADS
DBSELECT. NOIMPACT

TESTTABL SAS

Tab les  8 ,  9 ,  10 ,  and

(See in te rmed ia te  da ta  base f low
c h a r t  f o r  t h e s e  d a t a  b a s e s .  )

11 .
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Tables L2-L4.  Compar isons of  densi ty  es. t imates between the SOKU benth ic
survey s tat ion and the ke lp recru i tment  s tat ions in  the
upcoas t ,  o f f sho re  po r t i on  o f  t he  San  Ono f re  ke lp  fo res t
(Table LZ) ;  between the SOKD benth ic  survey s tat ion and the
kelp recru i tmen. t  s ta t ions in  the downcoast ,  o f fshore por t ion
of  the San Onofre ke lp forest  (Table 13 )  ;  and between the SMK
benth ic  survey s tat ion and the ke lp recru i tment  s tat ions
in the San Mateo ke lp forest  (Table 14) .  The two SMK kelp
recru i tment  .s ta t ions which were located in  a whi te  urch in
barrens were not  inc luded in  the SMK analys is .

MINIMBOl DATA
MINIMBO2 DATA
MIN IMBS SAS
DBMINIMB. SUROl
DBMINIMB. SURO2
MIN IMBS2 SAS
DBMINI .MACOlO2

DBBENT. SURO6
DBBENT. SURzO
MKMINMBS SAS
DBMINI .MBSOlO2

DBMIN] .I . , IACO1O2
DBMINI .MBSOl02

MINITEST SAS

TTEST LISTING

BENSUM DATA (values entered by hand)

TTSTTABL SAS

Tab les  L2 ,  13 ,  and  L4 .
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Appendix A. Flow chart for Appendix A.

DBALLDAT. BACTABL
DBNOIDAT. BACTABL

ASSUMPTN SAS

APPENDIX A
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F igu re  1 . Study areas in  the v ic in i ty  o . f  the San Onofre Nuclear
Generat ing Stat ion.  The rectangles are the boundar ies
of  the deta i led maps of  the San Mateo ke lp forest  (S} ' IK,
F igu re  2 ) ,  t he  San  Ono f re  ke lp  fo res t  (SOK,  F igu re  3 ) ,
and the Barn ke lp forest  (BARN, F igure 4) .  The Uni ts  1,
2 ,  and  3  i n t akes  (e i r c l es ) ,  t he  Un i t  1  ou t f a l l  ( t r i ang le ) ,
and the Uni ts  2 and 3 d i f fusers ( labeled l ines)  are
shown.

U .S .  Geo log i ca l  Su rvey  Map

Dig i t ized us ing Summagraphics tab let  and Sigmascan
sof tware by Jandel  Sc ient i f ic  on an IBM PC compat ib le

Data t ransferred to  IBM 4341 us ing CXI  card

COASTLNz DATA

ANNOMAP SAS

DBANNO. S}IADE}'IAP

MAPPLOT SAS

F igu re  1 .
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F igu re  2 . San Onofre ke lp forest .  The area of  hard substrate is
out l ined in  the upper  f igure,  and the depth contours (m)
are shown in  the lower f igure.  The posi t ions of  var ious
sampl ing s tat ions are a lso shown.

PLOT 1 :  SOK map  w i th  subs t ra te  p ro f i l e

SOKSUB DATA
SOKNSUB DATA

SOKPLOT SAS

F igu re  2a .

PLOT 2: SOK map with depth prof i les

Ecosystems depth prof i le  maps

Dig i t i -zed us ing Summagraphics tab let  and Sigmascan
sof tware by Jandel  Sc ient i f ic  on an IBM PC compat ib le

Data t ransferred to  IBM 4341 us ing CXI  card

SOKIIA DATA SOKllB DATA SOK12 DATA
SOK13A DATA SOK13B DATA
S0Kt4 DATA to S0K16 DATA

ANNODEP SAS

DBANNO. SOKDEPTH

SOKZPLT SAS

F igu re  2b .
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F igu re  3 .  San  Ma teo  ke lp  fo res t .  The  a rea  o f  ha rd  subs t ra te  i s
out l ined in  the upper  f igure,  and the depth contours (m) are
shown in  the lower f igure.  The posi t ions of  var ious
sampl ing s tat ions are a lso shown.

PLOT 1 : SMK map wi th  substrate prof i le

SMK1SUB DATA
SMK2SUB DATA

SMKPLOT SAS

F igu re  3a .

PLOT 2: SMKmap wi th  depth prof i les

SMK5 DATA tO SMK9 DATA
SMK1OA DATA to SMK14A DATA
SMKIOB DATA TO SMKl4B DATA
SMK15 DATA to SMK18 DATA

ANNODEP2 SAS

DBANNO. SMKDEPTH

SMKZPLT SAS

F igu re  3b .
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Figure 4.  Barn ke lp forest .  The area of  hard substrate is  out l ined in
the upper f igure, and the depth contours (rn) are shown in the
lower f igure.  The posi t ions of  var ious sampl ing s tat ions
are a lso shown.

PLOT 1 : Barn kelp
showing

map wi th  substrate prof i le
s ta t i on

E c o s y s t e m s  s u b s t r a t e  p r o f i l e  m a P s

Dig i t i zed  us ing  Summagraph ics  tab le t  and S igmascan
sof tware  by  Jande l  Sc ien t i f i c  on  an  IBM PC compat ib le

Data  t rans fer red  to  IBM 4341 us ing  CXI  card

O1BKSUB DATA to
O3BKSUB DATA to
19ABKSUB DATA
IgBBKSUB DATA
20BKSUB DATA to

ANNOSUBB SAS

DBANNO. BKSUB

BKPLOT SAS

F igu re  4a .

O2BKSUB DATA
1SBKSUB DATA

3sBKSUB DATA

PLOT 2 : Barn ke lp bed map wi th  depth prof i les

Ecosystems depth prof i le  maps

Dig i t ized us ing Summagraphics tab let  and Sigmascan
sof tware by Jandel  Sc ient i f ic  on an IBM PC compat ib le

Data t ransferred to  IBM 4341 us ing CXI  card

BKTL DATA to BKI3L DATA
BK14AL DATA
BK14BL DATA
BK15L DATA
BK16L DATA

ANNODEPB SAS

DBANNO. BKDEPTH

BKZPLT SAS

F igu re  4b .
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F igu re  5 .  Samp l ing  s ta t i on for  s tudy of

Figure drawn by Le i l an i  Bos t .
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Figure 6.  San Onofre and San Mateo ke lp forests .  Benth ic  survey
s ta t i ons ,  ke lp  rec ru i tmen t  su rvey  s ta t i ons ,  and
physicaLlchemical  survey s tat ions are shown.

PLOT 1:  SOK map

Ecosys tems  subs t ra te  p ro f i l e  maps

Dig i t ized us ing Summagraphics tab let  and Sigmascan
sof tware by Jande1 Scient i f ic  on an IBM PC compat ib le

Data t ransferred to  IBM 4341 us ing CXI  card

SOKSUB DATA
SOKNSUB DATA

ANNOSUB SAS

DBANNO. SOKSUB
DBANNO. SOKNSUB

SOKPLT2 SAS

F igu re  5a .

PLOT 2: SMK map

Ecosys tems  subs t ra te  p ro f i l e  maps

Dig i t ized us ing Summagraphics tab let  and Sigmascan
sof tware by Jandel  Sc ient i f ic  on an IBM PC compat ib le

Data t ransferred to  IBM 4341 us ing CXI  card

SMKSUB DATA
SMKNSUB DATA

ANNOSUB SAS

DBANNO. SMKSUB
DBANNO. SMKDSUB

SMKPLT2 SAS

F igu re  6b .
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F igu re  7 .

F igu re  8 .

Schemat ic  drawing of  s tat ions.  used to  sample ke lp and sea
urch in  rec ru i tmen t .  A .  Sep tember  1981  to  December  1983 .
B .  May  1984  to  November  1986 .

Figures drawn by Lei lan i  Bost .

Operat ing character is t ics  of  the San Onofre Nuclear
Genera t i ng  S ta t i on ' s  Un i t s  l ,  2 ,  and  3  comb ined .

DBSONGS.YRT6  to  DBSONGS.YRST

SONGSPLT SAS

F igu re  8 .

F igu re  9 . Operat ing character is t ics  of  the San Onofre Nuclear
Generat ing Stat ion 's  Uni ts  2 and 3 combined.

DBSONGS.YRSO tO  DBSONGS.YRST

SONGSPLT SAS

F igu re  9 .
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Figures 10-  13.  Changes in  densi ty  (number I  ^2 )  in  two c lasses- 
of f ixed 1-rn2 quadrats at sMK in the san Mateo kelp
fo res t  f o r  seve ra l  spec ies  o f  i nve r teb ra tes .  Qugdra ts - .
were d iv ided in to th-ose through which an urch in " f ront"
moved and those beyond the le-d ing edge of  the " f ront"
which were unaf fected.  The moving aggregat ion of  red
u rch ins ,  s t rongy locen t ro tus  f ranc i scanus , -  was  f i r s t
observed @ects in  September 1986.  The
ver t ica l  l ine d iv ide i  the data in to "Before"  and "Af ter"
pe r i ods .

DBBENT.SURO2 -  DBBENT.SUR22

I
BENTMEAN SAS

DBBENTMN. SURVO222
BENTMN2 SAS

DBBENTM2. SURVO222

I
BENTMN3 SAS

DBBENTM3. SURVO222
I
I

F igu re  14 .

IMPCTPT3 SAS

F igu res  10 -  13 .

Changes in  substrate comPosi t ion in  two c lasses of  f ixed
1-m2 quadrats  at  SOKU in the upcoast  por t ion of  the San
Onofre ke lp forest .  Quadrats  were d iv ided in to those which
had at leait 25% cover of si l t  on one or more surveys and
those which a lways had less.  A heavy deposi t  o f  s i l t  was
f i r s t  no ted  i n  Oc tobe r  1985 .  The  ve r t i ca l  l i ne  d i v ides
the data in to "Before"  and "Af ter"  Per iods.

DBBENT. SURO2 DBBENT. SUR22

I
I

BENTMEAN SAS
DBBENTMN. SURVO222

BENTMNz SAS
DBBENTM2. SURVO222

I
I

BENTMN3 SAS
DBBENTM3. SURVO222

IMPCTPT3 SAS

Tab le  L4 .
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F igu res  I5 - I7 .  Changes  i n  dens i t y  (number  I  ^2 )  i n  two  c lasses
of  f ixed 1-m2 quadrats  at  SOKU in the uPcoast  por t ion
o f  t he  San  Ono f re  ke lp  fo res t  f o r  seve ra l  spec ies  o f
inver tebrates.  Quadrats  were d iv ided in to those which
had at least 25% cover on one or more surveys and those
wh ich  a lways  had  l ess .  A  heavy  depos i t  o f  s i l t  was  f i r s t
no ted  i n  Oc tobe r  1985 .  The  ve r t i ca l  l i ne  d i v ides  the
da ta  i n to  "Be fo re "  and  "A f te r "  pe r iods .

DBBENT.SURO2 -  DBBENT.SUR22

I
BENTMEAN SAS

DBBENTMN. SURVO222
BENTMN2 SAS

DBBENTM2. SURVO222

I
BENTMN3 SAS

DBBENTM3 . SURVO222

IMPCTPT3 SAS

Tab les  15 -17 .
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F igu res  18 -19 .  Ave rage  pe rcen t  cove r  (F ie .  18 )  o r  dep th  (F ie .  19 )
of  s i l t  in  f ive randomly p laced 1-m2 quadrats  at  s tat ions
used for  the s tudy of  ke lp recru i tment .  Stat ions are
ind i ca ted  by  c losed  c i r c les .  Pe rcen t  cove r  o r  dep th  o f
s i l t  was zeto unless otherwise ind icated.

EcoSys tems  subs t ra te  p ro f i l e  maps

Dig i t ized us ing Summagraphics tab let  and Sigmascan
sof tware by Jandel  Sc ient i f ic  on an IBM PC compat ib le

Data t ransferred to  IBM 434L us ing CXI  in ter face

SOKSUB DATA
SOKNSUB DATA

ANNOSUB SAS

DBANNO. SOKSUB
DBANNO. SOKNSUB

DBANNO. SOKSUB
DBANNO. SOKNSUB
DBI.,IACCNT. SUROS
DBMACCNT. SURO9
DBCOORD. STATION

OOZPLTS SAS

Tables 18 and L9.
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Figure 20.  Mean percent  cover  of  sand + s i l t  a t  s ta t ions in  the San-  
OnofrL,  San Mateo,  and Barn ke lp forests .  Dur ing the
operat ional  per iod,  large quant i t ies of  s i l t  covered many
quadrats  at  the San Onofre s tat ions,  and a dense aggregat ion
of grazing red urchins moved through many of the quadrats at
the San Mateo stat ion.  Data f rom af fected and unaf fected
quadrats  were combined to ca lcu late the s tat ion means.

DBBENT. SUROz - DBBENT.SUR22

BENTMEAN SAS

DBBENTMN. SURVO222

BENTMNPLT SAS
I

F igu re  20 .
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F igu res  2L ,  25 ,  29 ,  33 ,  37 ,  41 ,  45 ,  49 ,  53 ,  57 ,  61 ,  65 ,  69 ,  73 ,  77 ,
79 ,  83 ,  and  87 .  Mean  dens i t y  o f  se l ec ted  spec ies  a t
s tat ions in  the San Onofre,  San Mateo,  and Barn ke lp
forests .  Dur ing the operat ional  per iod,  large quant i t ies
of  s i l t  covered many quadrats  at  the San Onofre s tat ions,
and a dense aggregation of grazing red urchins moved
through many of  the quadrats  at  the San Mateo stat ion.
Data f rom af fected and unaf fected quadrats  were combined
to  ca l cu la te  the  s ta t i on  means .

DBBENT. SURO2 - DBBENT.SUR22

BENTMEAN SAS

DBBENTMN. SURVO222
,

BFNTMNPLT SAS

F igu res  22 ,26 ,30 ,  34 . -38 ,  42 ,45 . -50 ,  54 ,58 ,  62 ,66 ,70 ,  74 r  78 ,
80,  84,  and 88.  Average del tas dur ing the preoperat ional
and  ope ra t i ona l  pe r iods  fo r  se lec ted  spec ies .  De l tas  a re
the difference between the average density at the impact
and contro l  s i tes.  The hor izonta l  l ines are mean del tas
for  the before and af ter  per iods.  The t ransformat ion used
in the analys is  is  pr in ted in  the upper  r ight -hand corner  of
each graph.  Dur ing the operat ional  per iod,  large quant i t ies
of  s i l t  covered many quadrats  at  the San Onofre s tat ions,
and a dense aggregation of grazing red urchins moved through
many of the quadrats at the San Mateo station. Data from
af fected and unaf fected quadrats  were combined to ca lcu late
the  de l t as .

DBBENT. SURO2 - DBBENT. SUR22

BENTMEAN SAS

DBBENTMN. SURVO222

BDLTPLT SAS
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F igu res  23 ,  27 ,  31 ,  35 ,  39 ,  43 ,  47 ,  51 ,  . 55 ,  59 ,  63 ,  67 ,  7L ,  75 ,
81 ,  85 ,  and  89 .  Mean  dens i t y  o f  se l ec ted  spec ies  a t
s tat ions in  the San Onofre,  San Mateo,  and Barn ke lp
fo res ts .  Du r ing  the  ope ra t i ona l  pe r iod ,  l a rge  quan t i t i es
of  s i l t  covered many quadrats  at  the San Onofre s tat ions,
and a dense aggregat ion of  graz ing red urch ins moved
through many of  the quadrats  at  the San Mateo stat ion.
Data from quadrats which had 25% or more si l t  on any
survey,  or  which were af fected by the urch in f ront ,  were
not  used to  ca lcu late s tat ion means for  any survey.
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F igu res  24 ,  28 ,  32 . -  36 ,  40 ,  44 ,  48 ,  52 ,  56 ,  60 ,  64 ,  58 ,  72 ,  76 ,  82 ,
86,  and 90.  Average del tas dur ing the preoperat ional
and operat ional  per iods for  se lected species.  Del tas are
the difference between the average density at the impact
and contro l  s i tes.  The hor izonta l  l ines are mean del tas
for  the before and af ter  per iods.  The t ransformat ion used
in the analys is  is  pr in ted in  the upper  r ight -hand corner  of
each graph.  Dur ing the operat ional  per iod,  large quant i t ies
of  s i l t  covered many quadrats  at  the San Onofre s tat ions,
and.a dense aggregation of grazing red urchins moved through
many of  the quadrats  at  the San Mateo stat i -on.  Data f rom
quadrats which ] i .ad 25% or more si l t  on any survey, or which
were af fected by the urch in f ront ,  were not  used to  ca lcu late
del tas for  any survey.
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