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prov ide in format ion that  would enable the Cal i forn ia Coasta l  Commiss ion

to evaluate the impacts of  SONGS operat ions.  The goals  of  the MRC

studies were to  detect  s ign i f icant  changes in  the mar ine b iota '  to

determine the magnitude and extent of those changes, and to determine

whether the operation of Units 2 and 3 caused those changes. The MRC

defined a signif icant change as a 50 percent reduction in abundance

below what  would be expected to  occur  in  the absence of  SONGS. The

sampling program was designed to detect such a change if  i t  occurred

over  an atea of  severa l  square k i lometers.

Two of the communit ies near SONGS that the MRC decided to monitor

were the mysids and sof t -bot tom benthos.  The mysids were chosen because

they are an important trophic l ink between the benthos and the pelagic

zo11e (which includes f ish) and they are abundant near SONGS year-round.

The benthos was chosen because benthic organisms are a major food source

for  demersal  f ish,  the benthos is  for  the most  Par t  s tat ionary '  and i t

is  amenable to  quant i ta t ive sampl ing.  Sect ion L.4 of  th is  repor t

provides an overview of the mysid and benthic communities of the study

area.

MEC's monitoring studies sought to deter:nine whether the oPeration

of SONGS had caused marked changes in: (1) the abundance of mysids and

benth ic  organisms;  (2)  the i r  d is t r ibut ion in  space;  (3)  the s t ructure

of the mysid and benthic communit ies; and (4) the relationships between

the organisms and their environment.

Section 2 of this report explains the rationale behind the

select ion of  species and groups to  be s tudied and the deta i ls  o f  the

sampling and analysis p1ans. Mysids were sampled at two locations: an

impact  locat ion three kn south of  SONGS ( to permi t  the detect ion of

large-scale changes) and 
" "orirtol 

area 18 km south (to correspond with

f ish s tud. ies) .  Samples were co l lected a long onshore/of fshore t t 'ansects
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analyses of benthic community structure and pattern were applied to 48

taxonomic subsets of  19 t rophic-mot i l i ty  (TM) groups and to

approximit"ty 2J0 individual taxa. BACI analyses $rere applied to 18 TM

groups,  2  to  4 taxonomic.  subsets of  7  of  those TM groups,  and 28

indiv idual  taxa.

MEC's resul ts  are presented in  Sect ion 3.  The analys is  of  phys ica l

and chemical data (Section 3.1) showed that there was a marked

difference between 8 and 18 rn in the temporal and spatial distr ibutions

of  most  o f  the var iab les that  were s tudied.  Sediments were coarser  at  8

m than at  18 m.  A large input 'o f  s i l t  and c lay which appeared in  1981

dominated the 18 m sediments within 2 latr of SONGS unti l  early 1985.

Sediment chlorophyll  concentrations were very low during 1982 and 1983,

presumably ref lect ing the ef fects  of  the 1982-1984 Cal i forn ia El  Nino,

but  increased substant ia l ly  in  1986.  Va1ues of  percent  s i l t  and c lay and

sediment chlorophyll  at 18 m, macrodetri tus at 8 m, and organic carbon

at both depths appeared to be higher within 2 kn of SONGS during part or

al l  of the operational period, but these gradients did not extend as far

downcoast as the rnysid transects or the benthic Intermediate and

Control stations. There were very few correlations among the physicaL

and chemical variables.

MEC detected few changes in the mysid community that could be

at t r ibuted uo the operat ion of  SONGS (Sect ion 3.2) .  The power of  the

BACI test was high enough to detect 50 percent changes with more than a

50 percent probabil i ty in f ive of the nine species and two of the three

sunmaly groups, and in nineteen of the thirty-six l i fe stages. Two of

the f ive species showed signif icant BACI changes in abundance; both

were relative increases at SONGS. The analyses of the individual l i fe

stages generally supported the results from the total abundance of each

species.  BACI tests  showed that  the propor t ion of  brooding females of

xii
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The conmunity analyses identif ied the area within about 3 km

downcoast from SONGS as different in the After period from the Control

s ta t i ons  6 .7 -9 : j  km downcoas t ,  p r imar i l y  a t  18  rn .  The  upcoas t  s ta t i ons

were dominated in  the Af ter  per iod by subsur face mot i le  po lychaetes,

the downcoast  ones by co loniz ing crustacea.  The pat tern analys is  of

ind.ividual TM groups and taxa tended, to concur that an area extending

about  1-3 km downcoast  f rom SONGS was d i f ferent  f rom the rest  o f  the

study area in  the Af ter  per iod

Small changes in the trophic structure of the benthic community

occu r red  f rom the  Be fo re  to  the  A f te rpe r iod ,  a t  bo thdep ths .  A t  8  m,

mot i le  subsur face deposi t - feeding and sur face suspension/deposi t -

feeding polychaetes,  as weI l  as carn ivore/omnivores,  dec l ined in

abundance.  These decl ines caused mot i le  sur face deposi t - feeding

crustaceans to increase in relative importance, and the community to

become ind icat ive of  an ear l ier  successional  s tage.  At  18 rn,  there was

increased dominance near  SONGS of  subsur face deposi t - feeding mot i le

organisms, part icularly polychaetes, and an increased importance and

abundance of discretely moti le crustaceans away from SONGS. The

abundance of carnivore/omnivores also changed between the Before and

Af ter  per iods.  These changes resul ted in  species assemblages

character is t ic  o f  an ear l ier  successional  s tage,  and a marked longshore

di f ference in  the species composi t ion of  those assemblages.

A to ta l  o f  10 of  the 1I4 categor ies tested y ie lded BACI and pat tern

analys is  resul ts  c lear ly  in terpretable as SONGS ef fects .  At  8  m,

combinations of primary BACI, secondary BACI, and pattern analysis

resul ts  for  10 of  the 53 categor ies tested showed possib le  ef fects .  Two

of  them were c lear ly  associated wi th  SONGS ( these ! ' re !e re la t ive

decreases for  the mot i le  sur face omnivore/deposi t - feeders and for

Typosyl l is  hyal ina) .  At  18 mt  31 of  the 61 categor ies tested ind icated

x1v
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community from the El Nino event. At 8 m the recovery appeared to be

s imi lar  among a l l  sampl ing s tat ions downcoast  o f  SONGS'  At  18 m'  the

recovery began to d iverge longshore in  ear ly  1986.  By the end of  the

study,  the species assemblage at  the downcoast  s tat ions was d i f ferent

than that  a t  the uPcoast  s tat ions.  This  impl ies that  SONGJ may have

inf luenced the composi t ion of  the communi ty .  The ecologica l  impor tance

of  the d i f ference at  18 m cannot  be fu l ly  judged wi th  the in format ion at

hand because none of the sampling locations had ful ly recovered from the

El  Nino-re lated d isrupt ion by the end of  the s tudy.  To make th is  f ina l

judgement an assessment would have to be made as to whether ful l

recovery to  a la te successional  s tage has present ly  occurred fur ther

downcoast than 94OO m and/or whether the difference in species

composi t ion between the upcoast  and downcoast  s tat ions wi l l  cont inue '

)ffi



sPecies in  the cool ing water  resul ts  in  the death of  a  large propor t ion

of  those animals (Barnet t  e t  41. ,  Lg82,  for  un i t  2  and 3 rosses and

rev iew of  Uni t  1) ,  thus removing them f rom the system and potent ia l ly

reducing the i r  populat ions.  Thei r  carcasses,  and the carcasses of

invertebrates that l ive in the intake conduits and feed upon the

material in the withdrawn water, are discharged into the environment,

and may se::\re as an addit ional food source for the surrounding animals.

Discharged material and animals entrained from the nearshore zone may

be t ranspor ted to  the faster  longshore currents  far ther  of fshore,  and

thus be lost to the inner nearshore zone. Sediments may be altered as a

result of the transport of water high in suspended matter from inshore

to far ther  of fshore by the d ischarge currents .  Predator /prey

interactions may be altered as a result of changes in the abundances of

p reda to r s ' o r  t he i r  p rey .  D i scha rges  o f  b i oc i des ,  me ta l s ,  o r

radionuclides may contribute to any net reductions in abundance;

however ,  evaluat ions of  such potent ia l  contr ibut ions are outs ide the

scope  o f  t hese  s tud ies .

One of the original concerns raised when Units 2 and 3 were being

planned was that the use of so much cooling water, and the entrainment

of water representing about eight t imes that volume in the discharge,

could have cumulat ive ef fects  that  wouLd lead to  large-scale reduct ions

in the aquat ic  b io ta,  poss ib ly  extending severa l  k i loneters f rom SONGS.

An a l ternat ive v iew was that  the longshore currents ,  eddy d i f fus iv i ty ,

and cross-shel f  c i rcu ' la t ion would be suf f ic ient ly  s t rong to  d i lu te the

e f fec ts  o f  SONGS rap id l y  t o  be low  de tec tab le  l eve l s .

In  1974,  as par t  o f  the permi t t ing process for  the San Onofre Nuclear

Generat ing Stat ion Uni ts  2 and 3,  the Cal i forn ia Coasta l  Zone

Commiss ion (now the Cal i forn ia Coasta l  Commiss ion)  issued Permi t  No.

L-2
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depending upon how impor tant  the ef fect  is  judged to be,  appropr ia te

iso lat ing s tudies .can be conducted Eo determine the speci f ic  source(s)

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

e f fec ted .  I i o te  tha t  i t  i s  poss ib le  tha t  t he  sum o f  t he  pos i t i ve  e f fec ts

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

to th is  approach is  that  there could be ef fects ,  but  they could not  be

ident i f ied or  measured.

The se-cond approach is to design each of the monitoring elements,

poss ib ly  in  conjunct ion wi th  contro l led laboratory and f ie ld

experiments, in such a way as to make that element relate specif ical ly

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

Negative results aIlow one to remove that source or mechanism from

cont inued scrut iny.  Posi t ive resul ts  permi t  a  more rapid determinat ion

of  e f fects  and potent ia l  mi t igat ions.  This  approach is  cost ly  a t  a

fac i l i ty  such as SONGS, dt  which a var ie ty  of  mechanisms can cause

changes in many different marine populations. Furthetmore, i t  may or

may not  be poss ib le  to  in tegrate the resul ts  of  the var ious e lements

ar i thmet ica l ly ,  s ince some ef fects  may in teract  synerg is t ica l ly  to

cause an impact far different from their ari thmetic sum. These could

inc lude opposing ef fects  that  cancel  each other .  For  these reasons '

iso lat ing speci f ic  hypothesized mechanisms,  even wi th  the suppor t  o f

laboratory exper iments,  is  d i f f icu l t ,  and in  some cases may be

J -mposs ib le .

In general, the MRC has taken the f irst approach in designing and

implement ing i ts  s tud ies.  The resul tant  moni tor ing program, ca l1ed

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

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

i .e . ,  the s tudy of  mechanisms,  was the pr imary approach to  the s tudy of

1-4
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The sof t -bot tom benthos consis ts  of  organisms that  l ive on or  in  the

substratum, and inc ludes representat ives f rom every major  an imal

phylum. The'benthos is  o f  in terest  in  par t  because benth ic  organisms are

a major  souice of  food for  demersal  f ish.  In  addi t ion,  the benthos is

su i tab le for  s tud ies of  SONGS impacts because i t  is  s tat ionary,  widely

d is t r ibuted in  the s tudy area,  and re la t ive ly  amenable to  quant i ta t ive

sampling. SONGS could affect the benthos by changing the nature of the

sediment  near  SONGS, which would cause some species to  dec l ine and

others to  increase;  by prov id ing addi t ional  food,  which would cause

increases in abundance; by changing the number and type of predators;

and by reducing or preventing recruitment in the vicinity of the intakes

and diffusers through the removal of larvae from the water column.

1.2 The Issues Addressed by Mar ine Ecologica l  Consul tants  Studies

Mar ine Ecologica l  Consul tants  (MEC) has s tudied mysids and sof t -

bot tom benthos in  the v ic in i ty  o f  SONGS s ince L976.  Moni tor ing s tudies

began in  1979.  The fundamenta l  quest ions that  MEC's moni tor ing s tudy

design asked were whether power plant operations had caused marked

changes in:

1) the abundance of mysids and benthic fauna;

2 )  t he i r  d i s t r i bu t i on  i n  space l

3) the structure of the mysid and benthic communit ies in the

study area;

4)  the re la t ionships between physica l /chemical  var iab les and

- the patterns of abundance and community structure that we

detected in  the s tudy area.

l^ le  s tud ied ind iv idual  species for  three reasons.  F i rs t ,  d i rect

ef fects  of  the p lant ,  namely removal  o f  ind iv iduals ,  can be detected as

1-6



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

1 .3  Approach

The MRC establ ished a moni tor ing ptan to  measure net  changes in  the

abundance of  an imals that  could be at t r ibuted to  SONGS operat ions.

MEC's sampl l  co l lect ion and data analys is  were designed pr imar i ly  to

permi t  the detect ion of  such changes.

I . 3 .  I  Synops is  o f  Samp l ing  Des ign

The deta i ls  o f  the s tat ion locat ions,  sampl ing schemes,  and sample

analys is  procedures are presented in  Sect ion 2 and Appendix  B.  This

sect ion Presents an out l ine of  the sampl ing schemes used in  the mysid

and benthos s tudies.

I . 3 .  1 .  1  Mys id  Samp l ing

The mysid sampl ing scheme was designed to assess poss ib le  ef fects

of  SONGS on the nearshore (< 37 m) species assemblage def ined by Clut ter

(L967  )  and  Berns te in  and  G leye  (1981) .  P re l im ina ry  ana lyses  (e .g . ,

c lu t ter ,  L977 I  Bernste in,  1980)  suggested that  ent ra inment  and

morta l i ty  in  the in take could resul t  in  the dai ly  loss of  as many as 102

of the mysids in the vicinity of the intake, and changes in the

abundance of mysids within 5 krn of the plant.

To invest igate those poss ib i l i t ies r  rnys ids were ca l lected at  three

transects ,  represent ing the Impact  area in  the BACI model ,  located 2.5

to 3.5 km downcoast  (southeast)  o f  the d ischarges,  and at  three

transects ,  represent ing the Contro l  area of  the BACI model ,  located

L7.5 to  18.5 km-downcoast .  -  The locat ion of  the Impact  sampl ing area hras

chosen for  two reasons.  F i rs t ,  w€ reasoned that  very large-scale

changes,  such as had been predic ted,  would be detectable at  a  s tat ion

sornewhat removed from SONGS, whereas any effects in the inmediate
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Mysids were sampled on a to ta l  o f  43 occasions:  19 t imes dur ing the

preoperat ional  per iod (October  L979 to December 1981;  7 t imes dur ing

the in ter im per iod (March 1982 to October  1983) ,  and 17 t imes dur ing the

opera t i ona l  phase  (Oc tobe r  1983  to  December  1986) .  Su rveys  were

conducted at approximately two-week intervals during L979 and 1980, and

quar ter ly  dur ing 1981 to 1983.  Note that  f requent  sarnpl ing dur ing the

preoperat ional  per iod only  took p lace over  approx imate ly  one year

(November L97 9 to  November 1980) .

During the operational period, surveys were conducted at

approximately f ive-week intervals. The f ive-week interval was chosen

for  two reasons.  F i rs t ,  that  in terva l  would spread the sampl ing over  the

course  o f  two  yea rs  (Augus t  1984  to  December  1986) .  Second ,  because  the

generation t ime of the most abundant mysid is approximately f ive weeks,

using that interval would reduce the degree of serial correl-ation in the

data set .  Close- in terva l  sampl ing (approx imate ly  month ly)  occupied two

fu l l  yea rs  (December  1984  to  December  1985) .

1 .3 .  1 .2  Ben thos  Samp l i ng

The benth ic  sampl ing p lan was designed to assess poss ib le  ef fects

of  SONGS on the sof t -bot tom benth ic  communi ty  near  SONGS. Pre l . iminary

s tud ies  o f  Un j - i  I  ( e .g . ,  D iene r  and  Par r ,  L977 ;  Pa r r  and  D iene r ,  L978)

showed that  the benth ic  cammuni ty  wi th in  0.2 to  0.4 kn of  the in take and

discharge contained fewer species and fewer individuals than did the

communi ty  at  the Contro l  s i te ,  poss ib ly  because of  the p lant - induced

coarsening of the sediments near the discharge and reduced sett lement

of  larvae due to in take losses.  Outs ide of  the zone of  coarsened

sediments,  and extending to  0.8 to  1.6 kn f rom the p lant ,  there was an

increase in  both abundance and d ivers i ty .  This  was at t r ibuted to
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to four weeks between November L979 and November 1980 (preoperational)

and between December 1984 and December 1986 (operat ional ) ,  and

approx imate ly  quar ter ly  dur ing 1981 through 1984.

L .3 .2  Ana l y t i ca l  Des ign

L .3 .2 .1  Changes  i n  Abundance

The diff icult ies inherent in attempting to determine the

di f ferences between potent ia l  SONGS ef fects  and natura l  var ia t ion in  an

open marine system were appreciated at an early stage by the MRC, their

consul tants ,  the i r  contractors,  and others.  Accord inB1Y,  in  1979 the

BACI analysis scheme was developed by the MRC and its consultants. The

BACI analy t ica l  procedure is  descr ibed in  deta i l  in  Sect ion 2.  Br ie f ly ,

- \  
however ,  samples are co l lected f rom Contro l  s i tes and f rom potent ia l

Impact sites near SONGS many t imes during both the preoperational

(Before)  and operat ional  (Af ter )  per iods.  On each occasion the resul ts

of  the Contro l  are subtracted f rom the resul ts  of  the Impact ,  y ie ld ing a

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

The mean of the differences between the Impact and Control samples in

the Before per iod-- the Before DeI tas-- is  then tested a la inst  the mean

of  the Af ter  De1tas by a two-sample t - test  to  determine whether  a

s : gnj.f  icant cha.nge occured. A signif icant change would imply an

e f fec t  due  to  SONGS.

As a technique for analyzing monitoring measurements of marine

organisms, BACI has some definite advantages. Marine populations

.  in tegrate ef fects  over  t ime as wel l  as ef fects  ar is ing f rom di f ferent

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

Contro l  should e l iminate,  or  a t  least  min imize,  the ef fects  of  natura l

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

mar ine populat ions occurr ing over  large scales.

t -  12



As an a id to  in terpret ing the resul ts  of  the BACI analyses of  mysid

abundance,  MEC calcu lateC the in take losses of  mysids.  Mysids are,  to

some degree,  p lanktonic  at  n ight ,  whichmakes themvulnerable to  in take

rosses tnrough withdrawal and entrainment. Because mysids vary in

the i r  inshore/of fshore d is t r ibut ion,  some species and l i fe  s tages are

more vu lnerable to  in take losses than others.  Therefore,  l re  est imated

the  l osses  o f  t he  va r ious  l i f e  s tages  o f  each  spec ies  separa te l y .  Th i s

gave us insight into which species were more at r isk to the direct

e f fec ts  o f  i n take  l osses .

Mysid reproduct ive potent ia l  was a lso considered in  these studies.

The proport ion of adult females in brooding condit ion was analyzed by an

adaptat ion of  the BACI procedure.  A per iod-by- locat ion analys is  of

covariance (ANCOVA), with the number of total females as the covariate,

was used to obtain a relationship between the number of brooding females

and the number of adult females at SONGS Before, SONGS After, Control

before,  and Contro l  Af ter .  The s lopes of  these re la t ionships

rePresented the average proport ion of brooding females within each BACI

ce I1 .  We con t ras ted  the  s lopes  fo r  each  comb ina t i on  o fpa i red  ce l l s  t o

determine which pairs were different. A signif icant difference in the

s lope of  SONGS Af ter  that  d id  not  occur  at  Contro l .suggested a SONGS

e f fec t .

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

MEC structured the sampling scheme to permit the examination of

changes in  the spat ia l  ( inshore/of fshore)  d is t r ibut ion of  mysid species

over t ime and changes in longshore patterns of abundance of benthic

groups between the Before and Af ter  per iods.  We thought  that  p lant -

induced changes in the physical environment might cause a

1- 14



di f ferences that  occurred at  a l l  the others in  order  to  determine where,

wi th in  the s tudy area,  those changes occurred.  A paEtern sh i f t  would be

demonstrated i f  some stat ions showed d i f ferent  degrees of  changes in

abundance.

1 .3 .2 .3  Changes  i n  Commun i t y  S t ruc tu re

The st ructure of  the rnys id species assemblage was examined us ing

analysis of the rank order of abundance of the component species. Snall

but persistent changes in abundance could show up as changes in the rank

order of a species group, thereby suggesting a fundamental change in the

dominance structure of the community. The I '{ANOVA procedure was used to

detect  changes in  the rank order  of  species between the Before and Af ter

per iods at  the Contro l  and SONGS locat ions separate ly .  Obsenzed

changes at  each locat ion were then tested by t - tests  on each species,

wi th  the s ign i f icance level  ad justed to  ref lect  mul t ip1e.  test ing.

The structure of the benthic community uras investigated by a

compar ison of  the average percentages of  each TM group at  each stat ion

in the Before and Af ter  per iods.  We were in terested to  know whether  the

percentage of certain indicator groups changed only near SONGS. The

number  o f  spec ies  ( i . e . ,  d i ve rs i t y ) ,  t he  abundance ,  and  the  evenness  o f

each group were aiso corr.sidered j.n the same fashion. The structtr::es of

both mysid and benthic communit ies were also examined' by cluster'

ana l ys i s  t o  desc r ibe  assoc ia t i ons  o f  spec ies .  C lus te r  ana lys i s  g rouPs

en t i t i es ,  such  as  samp les  o r  spec ies ,  on  the  bas i s  o f  t he  s im i l a r i t y  o f

some at t r ibute.  MEC used an agglomerat ive h ierarch ica l  c luster ing

technique to  examine the s t ructures of  both the mysid and benth ic

communi t ies.  For  mysids,  the s tages of  the species were f i rs t  grouped

on the basis  of  the i r  s imi lar i ty  wi th  regard to  the i r  abundances at
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1.4 Mysids and Benthos of  the Study Area

The mysids and benthos near San Onofre are part of a faunal

assemblage character is t ic  o f  the shal low shel f  zone of  the Southern

cal i forn ia Bight  (Jones ,  Lg6g) .  The mysids of  rhe b ight  have been

s tud ied  i n  some  de ta i l  ( e .g . ,  c l a r ke ,  LgTL :  c l u t t e r ,  L967 ,  Lg6g

Berns te i n  and  G1eye ,  1981 ;  Ba rne t t  e t  a1 . ,  r 983b ,  1984b ,  l 9g5 ) .  The

taxonomy of  the group has recent ly  undergone rev is ions;  Table 1-1

presents the o ld and new names of  the common species of  the San Onofre

area.  Prev ious repor ts  to  the MRC used the o ld names.  In  th is ,  the

f ina l  repor t ,  Ehe current  taxonomic nomenclature is  used.  The studies

c i ted above have ident i f ied a nearshore species group whose

dis t r ibut ion extends to  a depth of  37 m of f  San Onofre.  The most

abundant  species in  that  group is  Metamysidopsis  e longata.  Wi th in  the

nearshore zone,  these species exhib i t  a  d is t inct  hor izonta l  zonat j .on

(Tab le  1 -1 ) .  I nsho re  sp .ec ies  tend  to  occu r  i n  wa te r  l ess  than  15  n  deep ,

and of fshore species tend not  to  be found at  depths of  less than 15 m.

The cross-shel f  species are widely  d is t r ibuted throughout  most  of  the

depth range studied

Mysids are omnivores (Mauchl ine,  1980) ,  feeding on smal l  l ive

an ima ls ,  dead  an ima ls ,  p lan ts ,  and  de t r i t us .  Mys ids  feed  by  se lec t i ng

larger  par t ic .Les and f i lcez ing suspended mater ia . . l ' .  Cer ta in  species

migrate uP in to the water  co lumn at  n ight ,  where they probably  feed

la rge l y  by  f i l t e r i ng .  I n  t he  San  Ono f re  a rea ,  Ba rne t t  e t  a I .  ( 1983b)

showed that a decrease in the abundance of three mysid species in the

per iod L979 to 1983 ref lected decreases in  macrodetr i tus,  sediment

phaeopigment ,  and water  co lumn chlorophyl l -a  concentrat ions and an

increase in  temperature.  The same study detected a reduct ion in  mysid

reproduct ion,  which suggested that  the increase in  reproduct ion
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Numerous studies l iave documented the overriding importance of grain

s ize in  determin ing the species composi t ion of  the benth ic  in fauna (see

the rev iew by Gray,  L974) .  Gra in-s ize determines opt imal  feeding modes

( for  exampl i ,  deposi t  feeders tend to  be favored in  unstable s i l ts  and

muds,  whereas suspension- feeding tends to  prevai l  in  more s table,

coa rse r -g ra ined  sed imen ts ;  F l i n t ,  1981) ,  and  i n f l uences  such  fac to rs  as

the retent ion of  organic  mat ter  and the concentrat ion of  oxygen.

Benthic communit ies are known to vary along physical gradients

such  as  dep th  ( Johnson ,  L97O) , ,  wave  d i s tu rbance  (O l i ve r  e t  a l . ,  1980 ;

McLachIan et  a l .  ,  1984) ,  organic  pol lu t ion (Pearson and Rosenberg,

L978)  and substrate type (Johnson,  1970;  Nichols ,  L97O; F l in t  and

Raba la i s ,  1980 ;  Ja rami l l o  e t  a I . ,  1984 ) .  On  a  sma l l e r  sca le ,  i n fauna l

assemblages have been shown to be sensi t ive to  loca1 pat terns of  food

concen t ra t i on  ( " .g . ,  $ fh i t l ach ,  1980) ,  p reda t i on  i n tens i t y  (Th i s t l e ,

1980 ;  Van  B la r i com,  L982 ;  Ambrose ,  1984) ,  and  the  s i l t  and  c lay  con ten t

o f  t he  sed imen t  (N icho ls ,  1970) .

In  the v ic in i ty  o f  SONGS, Parr  and Diener  (1978)  at t r ibuted the

observed changes in the abundance and diversity of benthic species to

the changes in sediment, hydrographic, and detri tus condit ions caused

by the in take and d ischarge of  Uni t  I .  Mobi le  species,  such as

amphipods and cumaceans,  were apparent ly  a t t racted to  the d ischarge by

the increased supply  of  det r i tus;  some species near  the i r r ta l :e

decl ined,  poss ib ly  as a resul t  o f  decreased recru i tment  caused by the

entrainment of larvaei and changes in the grain size of sediments in the

intake/outfal l  area apparently caused changes in the abundance of

severa l  in fauna species.  Barnet t  e t  a l .  (1983a)  demonstrated a

progress ion of  species assemblages wi th  depth in  the San Onofre area

during the preoperational period, and showed that differences in grain
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study area compr ise three more or  less d is t inct  assemblages:  a

nearsho re  ( l ess  than  10  m dep th )  assemb lage .  an  o f f sho re  (10  to  35  m)

assemblage,  and a shel f  assemblage seaward of  the other  two.  The

nearshore a isemblage is  dominated by the polychaetes Amast igos acutus,

Owen ia  co11ar i s ,  and  P r ionosp io  pygmaea ,  t he  b i va l ve  Te l l i na  modes ta ,

and the cumacean crustacean Diasty lops is  tenuis .  The of fshore

assemblage is  dominated by the polychaetes Mediomastus ca l i forn iens is ,

Neph tys  sp . ,  Aces ta  ca the r inae ,  Tauber ia  g rac i l i s ,  and  A r i c idea  wass i ,

the b iva lves Tel l ina modesta and Macoma sp. ,  and the tanaid crustacean

Leptochel ia  dubia.  The shel f  assemblage is  dominated by br i t t le  s tars

(Ophiuro idea)  and smal l  po lychaetes.  Subseguent  s tud ies (Barnet t  e t

a l . ,  L982 ;  1983a ,b ,  1984a ,  1985 ,  1986 )  have  desc r i bed  as  many  as  n i ne

more  o r  l ess  d i s t i nc t  g roups  (Tab le  L -2 ) .  I n  t he  tab le ,  g rouPs  A

through E are subgroups of  the 15-30 m fauna,  the subgroups being

def ined a long narrower depth zones or  on the basis  of  seasonal

occurrence.  Group F is  associated wi th  the ke lp beds,  grouP G is

ubiqui tous across the shel f ,  and groups H and I  are character is t ic  o f

the 8-15 m fauna.  The recent  s tud ies have e laborated upon the ear ly

groupings,  but  have not  revealed mater ia l  changes in  species

dis t r ibut ions and associat ions .

1 .5  Scope  o f  t he  Repor t

This introductory section has presented the framework within which

the mysid and benthos s tudies were conducted,  and a genera l  overv iew of

MEC's approach to  the s tudy design,  sampl ing,  and data analys is

problems involved in  at ta in ing the goals  set  by the MRC. Subsequent

sect ions wi l l  descr ibe the sampl ing and analy t ica l  methods in  deta i l ,

and wi l l  present  the resul ts  of  the analyses
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As par t  o f  the MEC qual i ty  assurance program, the prec is ion

associated wi th  subsampl ing mysid samples was invest igated for  27

samp les  (Ba rne t t  e t  a l . ,  f 982 ) .  The  957"  con f i dence  bounds  assoc ia ted

wi th obta in ing subsampl ing counts of  50 Metamysidopsis  e longata or  100

total mysids were + 28-/" and 207" of the mean, respectively. This

t rans lates to  a coef f i .c ient  o f  var ia t ion of  about  5%.

Representative specimens of each nysid taxon have been separately

curated in  a documented reference co l lect ion (Barnet t  e t  41. ,  1982) .

The taxonomic accuracy of  the reference co l lect ion has been assured

through ver i f icat ion of  voucher  specimens by recognized nys id

taxonomis ts  (M .  Bacescu ,  Roman ia ;  C .  Ho lmqu is t ,  Sweden ;  L .  G1eye ,  MEC) .

In  some cases,  or ig ina l  type specimens were obta ined on loan f rom

museums and compared with MEC collected specimens.

2.2 Benthos Moni tor ing

2 .2 .L  F ie l d  Samp l i ng

Benthic samples were collected at depths of 8 m and 18 m at six

locations: two in the immediate Impact atea, 700 m and 1100 m downcoast

o f  SONGS Un i t  l ,  two  a t  i n te rmed ia te  s i t es ,  1900 .m,  and  3200  m (18  u r

depth)  or  3350 m (8 n depth)  downcoast  o f  SONGS, and two in  the Contro l

a. te^,  6700 m and 9400 m downcoast  o f  SONGS (Figures 1-4 and 2-3) .  T i ie  6 m

stations general l .y corresponded to the depth of watelr in dhich the SOI{GS

intakes are located and the 18 m stat ions to  the depth of  the d i f fusers.

Dur ing the preoperat ional  phase of  noni tor ing,  samples were a lso

col lected f rom 24 m and 30 m at  the 700 m Impact  and 9400 m Contro l

locat ions.  In  addi t ion,  15 m stat ions were sampled at  San Onofre ke lp

bed approx imate ly  700 m south of  SONGS, and at  Barn Ke1p,  approx imate ly

10.6 km south of  SONGS. The 15 mr 24 m,  and 30 m stat ions were
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ca tego r ies :  c rus taceans ,  mo l l uscs ,  po l . ychae tes ,  and  "o the rs "  (o the r

phyla) .  Nematodes were counted but  not  removed f rom the sor ted samples.

Animals wi th in  each taxonomic category were ident i f ied to  the lowest

p rac t i cab le  taxon .

Af ter  the animals were ident i f ied,  the wet  weight  b iomass of  the

sor ted organisms f rom each stat ion was determined.  Animals f rom each of

the repl icate cores were combined accord ing to  taxonomic category,

excess alcohol was removed by vacuum pump for IO seconds, and wet

weights  of  each of  the four  groups to  the nearest  0 .0f  gm were neasured

on  an  e lec t ron i c  ba lance .

After June L979 the sorted samples from each of the three

repl icates f rom a s tat ion were combined,  and the average mactodetr i tus

content of the samples was determined. The composite sample was swirled

and the macrodetr i tus was poured of f  onto a preweighed f i l ter .

Macrodetr i tus was ident i f ied to  categor ies of  o ld  (anoxic)  and new

terrest r ia l  par t ic les,  mar ine macrophyt ic  par t ic les,  an imal  tubes,

organic  par t ic les,  and inorganic  par t ic les.  The percent  (+ 57. )

composi t ion of  each category was v isual ly  est imated.  The f i l ter  was

then dr ied at  800C for  10-12 hours and weighed ( to  nearest  0 .01 gm).  The

dry weight of the composite macrodetri tus samples was divided by three

to yi.eJ-::" an estimated macrorietr i tus dry xei-ght per co1:e. ' 'Lruri. : :g t i : .e

preoperational and interim period, the types of rrrsctrrdett i trrs lrer€ lrot

i den t i f i ed .

Sediment  cores for  gra in s ize analyses were held at  OoC. For  the

ana lys i s ,  a20 -50  m l  subsamp le  was  t rans fe r red  to  a240  m l  bo t t l e ,  m ixed

wi th 150 mI  of  def locculent  (sodium hexametaphosphate) ,  and a l lowed to

stand overnight. The sand fraction was shaken through and collected on

e leven  U .S .A .  S tandard  Tes t i ng  S ieves ,  wh ich  ranged  in  0 .5  ph i

2-9
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base.  Ident i f ied core samples and reserve cores were s tored by survey

in  a l coho l - f i l l ed  j a rs  w i th  the i r  l i ds  secu red  w i th  tape .  A l coho l

levels  were checked each year  to  contro l  evaporat ion.  As par t  o f  the

MEC qual i ty-  assurance program, representat ive specimens of  each taxon

vrere seParate ly  curated in  a documented reference co l l .ect ion (Barnet t

e t  a l . ,  1982 ) .  The  taxonor i i i c  qua l i t y  o f  t he  re fe rence  co l l ec t i on  has

been assured by MEC's act ive par t ic ipat ion in  the Southern Cal i forn ia

Associat ion of  Mar ine Inver tebrate Taxonomists  (SCAI{ IT)  .

2 .3 Benth ic  Gradient  Sunzey

At the request of the MRC, MEC conducted one benthic gradient

survey in  December 1986 designed to determine i f  the operat ion of  SONGS

Units 2 and 3 had altered the benthic environment and biological

community near the intakes.

2 .3 .L  F ie1d  Samp l i ng

Sampling was conducted along three 75O m transect l ines, one

downcoast ,  one of fshore,  and the th i rd  onshore,  a l l  or ig inat ing at  the

SONGS Units 3 intake structure and running norrnal to the coast. The

first samples were taken 50 m from the intake. addit ional samples were

taken eve'ry 50 m out to 750 m 'from the intake for a total of 15 sampJ.irrg

loca t i ons  pe r  l i ne ,  45  l oca t i ons  to ta l .

Three random replicate cores for grain size analysis were

co l l ec ted  a t  each  l oca t i on  on  a l l  t h ree  t ransec t  1 ines ,  y ie ld ing  a  to ta l

o f  135 cores.  Four  random repl icate cores for  benth ic  organisms were

col lected at  each locat ion on the downcoast  t ransect  l ine,  y ie ld ing a

tota l  o f  60 cores.  The co l lect ion and processing techniques descr ibed

in  Sec t i on  2 .2 .2  were  emp loyed  fo r  t h i s  su rvey  as  we l1 .
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(4)  Analyses of  longshore abundance pat terns of  the sof t -bot tom

benthos to  invest igate the extent  o f  any observed ef fect

af ter  SONCS Uni ts  2 and 3 began operat ing;

(5)  Cbmmuni ty  s t ructure analys is  to  determine i f  the pat terns of

species dominance at  SONGS dur ing the operat ional  per iod were

di f ferent  f rom those seen at  Contro l  dur ing th is  per iod;  th is

analys is  was based on a t - test  for  mysids and a qual i ta t ive

evaluat ion of  tab le l is t ings of  abundance and percent

composi t ion for  benth ic  taxa;

(5)  Cluster  analyses to  ident i fy  changes in  the mysid or  benthos

communi t ies at  SONGS dur ing the operat ional  per iod;

(7)  Mul t ip le  regress ion analyses to  determine whether  obsenred

changes in physical and chemical variables could be l inked to

observed changes in  the b iota.

Both individual mysid and benthic taxa and pooled groups of taxa

were analyzed for this report. Analyses for changes in abundance were

performed on individual taxa that were among the most abundant at each

depth in  the preoperat ional  per iod as wel l  as on addi t ional  taxa for

which a h igh power of  detect ing changes was pro jected on the basis  of

the tests  of  preoperat ional  data.  Mysids were summed by the i r  onshore-

of fshore d is t r ibut ion in to three summary categor i -es:  the Inshore Mysid

Group,  the Cf  fshore Mysid Group,  and t i re  Cross-Shdt- f  Mysid Group.  These

summary categories were also analyzed. Benthic taxa were grouped

accord ing to  t rophic  and mot i l i ty  character is t ics .  Mysid and benth ic

taxa were a lso evaluated accord ing to  the i r  mul t ivar ia te c luster

groupings. The procedures for grouping the mysid and benthic taxa are

desc r i bed  i n  Sec t i on  2 .4 .L .
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Table 1-1) .  S ince mysids are considered to  feed s imi lar ly  as scavengers

and p lankt ivores (Bernste in and Gleye,  1981) ,  these sunmary groups are

analogous to  the benth ic  t rophic  not i l i ty  groups d iscussed la ter  in

th i s  sec t i on .

The developmenta l  s tages (adul ts ,  immatures,  and juveni les)  o f

each mysid species and summary group were anaLyzed separately to aid in

understanding the resul ts  obta ined for  each species or  group as a whole

( "A11"  i n  Tab les  3 -3  and  3 -4 ) .  S ign i f i can t  resu l t s  f o r  s tages  were  no t

taken to  ind icate a s ign i f icant  change for  a  species or  group unless the

change was a lso seen in  the "A11 stages combined"  category.

Benth ic  taxa were analyzed us ing both the mul t ivar ia te c luster

approach and the community organization approach whereby taxa were

grouped a pr ior i  accord ing to  t rophic  and mot i l i ty  character is t ics .  By

ut i l iz ing both approaches to  prov ide an in tegrated in terpretat ion,  we

attemPt to improve our understanding of the changes to the benthic

communi ty  despi te  the l imi ta t ions or  lack of  prec is ion associated wi th

either approach.

Feeding type has been used widely  for  c lass i fy ing benth ic  taxa

(e .9 . ,  Sanders ,  1958  and  1950 ;  Young  and  Rhoads ,  L97L ;  B loom e t  E r I . ,

1-g72). More recently, feeding type has been supplemented with

i. '  i :eract:r-ve criteria such as species moti l i ty and prefer,reci feed-ing

s i te  (Woodin ,  L976;  Fauchald and Jur i {drs  ,  L979;  Whi t la tch,  1980;

B rench ley ,  1981 ;  Van  B la r i com,  L982 ;  Dorsey  e t  a l . ,  L983 ) .  Fo r  t h i s

rePort we have defined functional groups in the benthos as collections

of taxa sharing conmon trophic and moti l i ty characters. The macrofauna

at  8 m and 18 m BACI s tat ions $rere ass igned to t rophic lmot i l i ty  (TM)

grouPs (Tab1e 2-Z)  based on l i terature repor ts  of  the i r  s i te  and mode of

feeding,  and of  the mot i l i ty  associated wi th  feeding.  Species belonging
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Mode of  mot i l i ty  re fers  to  whether  an organism burrows,  crawls,

sw j -ms ,  nes t l es ,  o r  i s  t ube -dwe l l i ng .  Non- tub i cu lous  seden ta ry

organisms were a lso c lass i f ied accord ing to  whether  they occur  on top of

the sediment as epifauna or in the sediment as infauna.

Some animals respond to d is turbance by i rnmigrat ing to  (co loniz ing)

a disturbed area or by rapidly increasing their local abundance through

.  rap id populat ion growth (oppor tunisrn)  (MacArthur ,  1960;  Grass le and

Grass1e ,  L974 ;  O l i ve r  e t  a l . ,  L977 ;  Pearson  and  Rosenberg ,  L978 ;  Van

B la r i com,  1978 ;  Gr i zzLe ,  1984) .  These  spec ies  a re  sca rce ,  l ess

abundant, or absent from undisturbed communit ies presumably because of

l im i ted  food  resou rces  o r  t he i r  poo r  compe t i t i ve  ab i l i t i es .  The re fo re ,

the abundance of species with known colonizing or opportunist ic

'- capabil i t ies can be used as evidence of envi.ronmental perturbation.

For example, more species and higher abundance of moblle colonizing or

oppor tunis t ic  species suggests organic  enr ichment .  ConverseJ.y ,  fewer

species, coupled with an increase only in the abundance of

oppor tunis t ic  species suggests degradat ion.

Species Were c lass i f ied as oppor tunis ts /co lonizers (Table 2-2)  i t

they had been repor ted in  the l i terature as such.  Because these tems

are not  consis tent ly  d is t inguished in  the l i terature,  we do.  not  a t tempt

'  .  t u -  se . ' i r a ra te ' t hem he r t .  .Sgme spec ies r .no?  cc .n f i rmednas  co lon i z .e rs  o r

oppor tunis ts ,  but  f rcm the same genus as -  repor ted co lonizers or

oppor tun i s t s ,  a re  deno ted  w i th  a  (? )  i n  Tab le  2 -2 .  co lon i z ing  o r

oPPortunist ic behaviors are not specif ied i f  reports were not found in

the l i terature.  Def in ing funct ional  groups accord ing to  co lonizat ion

or opportunist ic tendency might be directly relevant to recognizing

SONGS ef fects ;  however ,  because repor ts  of  co lon izat ion or

oPPortunis t ic  tendencies are l imi ted and not  a lways d is t inguishable,  we

have not  a t tempted to  def ine groups us ing these character is t ics .
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2 .4 .2  The  S tudy  Per iods

The data were d iv ided in to preoperat ional  (Before)  and operat ional

(Af ter )  sets  for  the analyses.  The t ime between the preoperat ional  and

operat ional  per iods is  re ferred to  as the in ter im per iod.

The mysid preoperat ional  data base consiSts  of  19 surveys,  16

taken f rom October  L979 to JuIy  1980 and 3 taken in  June,  September,  and

December 1981 when Unj.ts Z and 3 were not operating (Table 2-L). The

operat ional  data base consis ts  of  L7 surareys,  which $rere taken f rom

October  1983 to December 1986.  The operat ional  moni tor ing per iod was

init iated in July 1983 but sampling for mysids was delayed three nronths

in order  to  a l low t ime for  SONGS operat ions to  af fect  the phys ica l

environment of the near-bottom zone where these organisms concentrate

during the day. Three months represents from 1 to 3 generation t imes

for  most  o f  the mysid species in  the nearshore area.

The benth ic  preoperat ional  data base consis ts  of  23-26 surveys,

depending upon the depth (Table 2-L). Five sur:veys were conducted at

quarterly intervals between June L976 and July L977 at the 8 m stations

and eight surveys were conducted between June L976 and July L979 at the

18 m stations. Fifteen surveys of the 8 m and 18 m depths were conducted

on a tr iweekly basis from November L979 to November l-980, and three

surve.y.s were eorducted irr June, Septernber, anrl Dircember 19&t when ttni-ts

2 and 3 were not operating. The operational data base con$ists cf 'rz

surveys at both the 8 m and 18 m depths from March L984 to December 1986.

The six-month lag between the start of Units 2 and 3 pumping

operations in July 1983 and the onset of the benthic operational

monitoring period was intended to al low any SONGS-induced changes in

the benthic environment to be reflected in the benthic community.
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were f i rs t  ca lcu lated on a seasonal  bas is  and then averaged over  seasons

and years.  This  procedure matched more c losely  the operat ional  levels

wi th  mysid abundances.  The warm season was def ined as Apr i l

Sep tember ,  i he  coo l  season  Oc tobe r  -  Ma rch  (Ba rne t t  e t  a l . ,  1985 ) .

The data used in  the loss ca lcu lat ions were based on samples taken

at  the Contro l  locat ion.  We assume that  data f rom the Contro l  area

be t te r  re f l ec t  sou rce  wa te r  cond i t i ons ,  whereas  s ta t i ons  on  the  SONGS

transect  dur ing the operat ional  per iod ref lect  b io t ic  condi t ions af ter

being subjected to  SONGS cool ing operat ions.  A11 surveys taken in  the

oPerat ional  moni tor ing per iod were inc luded.  Note that  th is  approach

was developed in the preoperational period, when abundances were

s imi lar  a t  SONGS and Contro l .  Abundances in  the operat ional  per iod,

however ,  were genera l ly  marked h igher  at  SONGS, So that  the losses

presented here may actual ly  be underest imates.

The model  o f  est imated losses $ras based on the fo l lowing

assumpt ions :

(1) Water is withdrawrr in equal proport ion from the whole water column

(Re i t ze l  e t  a l .  ,  i n  p ress  )  .

(2)  Mysids can,  to  a great  extent ,  avoid ent ra inment  dur ing the day

.  when they are rest r ic ted to  the bot tom 1 meter  of  the water  co lumn.

l lhey de th:.s by swimming'against the curren't and using t isual
'  

t opo iog i ca i  cues  to  ma in ta in  pos i t i on .  Or ien ta t i on  to  v i sua i  cues

by  mys ids  i n  a  cu r ren t  has  been  demons t ra ted  by  C lu t te r  (1969) .

(3 ) This behavior  d isappears at  n ight ,  when v isual  or ientat ion becomes

impossib le ,  so that  mysids are entra ined dur ing the n ight  wi th  the

water  they inhabi t .  Reduced abi l i ty  to  mainta in pos i t ion in  the

dark  has  been  demons t ra ted  by  C lu t te r  (1969) .
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cubic  meters Per  day was ca lcu lated us ing the vo lumes in  the DBSONGS

data base (MRC, in  prep.  )  for  the October  1983 through December 1986

operat ional  per iod.  The cross-shel f  area af fected by the in takes of

Units 2 and 3 was calculated by dividing the average intake volume by

the average longshore movement of water.

The mean number per  cubic  meter  (densi ty)  in  each inshore-of fshore

st ratum was used in  the ca lcu lat ion of  in take wi thdrawal  losses and

po ten t i a l  d i f f use r  l osses  o f  mys ids .  The  equa t ion  used  to  p roduce  these

mean numbers per  cubic  meter  was:

3
m e a n . / m 3  =  I  I

J -

3  i = l

(nurnber, /m3 )

where i refers to a transect and j refers to art inshore-offshore stratum

(tow). For each sampling date the number of mysid,s withdrawn was

ca lcu la ted  as  fo l l ows :

Number withdrawn = (v/L) x (1/H) x D x p

where v = average intake vorume in cubic meters per day
L = average longshore f low in meters per day

. ! l-  = average height of the water corumn at the intake (9 n)
D = abundance in number under a sguare rneter in 8-12 m tow
P = percent  o f  mysids that  are af fected

-  (100%nigh t  *  257"O^)12  =  52 .57"

Each of these estimates of withdrawal by sanpling date was assigned to a

season category '  the seasonal  mean loss was ca lcu lated f rom the number

withdrawn, and then the mean over seasons was calculated. This mean

loss over seasons represented the mean annual loss during the

operat ional  per iod.
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P = percent  o f  mysids that  are af fected

(  100%. ig f r t  +  257"O^)  /2  =  62 .57 "

Three est imates-  of  potent ia l  d i f fuser  losses were made z LO%, 257" ,  and

50% of  those entra ined.  Each of  these loss est imates was added to the

intake losses,  and both the number of  mysids losE and the percentage of

the cross-shel f  numbers that  was lost  was ca lcu lated as above.

2 .4 .4  BACr

To determine whether observed changes in f ield abundances could be

associated wi th  SONGS operat ions,  abundances of  ind iv idual  taxa and

pooled groups of  taxa were analyzed by the BACI procedure Before-

Af ter /Contro l - Impact .  The f ramework of  the BACI procedure is  presented

in  the  nex t  sec t i ons .

The test variables for the BACI analyses of mysids were the

weighted mean numbers per  cubic  meter  in  the cross-she1f  by locat ion

( Impact ,  Contro l )  and date.  The equat ion used to produce these

var iab les was:

3
W e i g h t e d m e a n / m 3 =  t  X

6
( X (number, /m3 ) (volume, ) )

3  i = I  j = l volume,

where i  re fers  to  a t ransect  and j  re fers  to  an inshore/of fshore s t ratum

( tow) .  As  men t ioned  i n  Sec t i on  2 .1  th ree  t ransec ts  were  co l l ec ted  a t

each locat ion ( Impact ,  Contro l )  and s ix  tows were co l lectea a long each

t ransec t .

The test variables for benthic taxa and TM groups were based on the

tota l  number in  a l l  cores analyzed at  the two stat ions at  each locat ion

at a given depth. Two stations at Impact and two stations at Control

were used for  the BACI tests .  For  each locat ion ( Impact ,  Contro l )  and

depth (8, t8 m) and date (from November L979 onward) the equation used

to ca lcu late the test  var iab les r . ras:
2 -25



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

Before per iod.  That  is ,  measurements cannoE be made too c lose together ,

because they are then essent ia l ly  dupl icate observat ions.  At  the end of

the Befo ie per iod the number of  surveys that  must  be taken in  the Af ter

pe r iod  i n  o rde r  t o  y ie ld  Ehe  des i red  power  o f  t he  s ta t i s t i ca l  t es t  i s

ca l cu la ted  (and  hence  " f i xed " ) .  Th i s  pe r iod  i s  d i scussed  fu r the r  be low .

Contro l  locat ions are chosen wi th  care to  mimic,  as near ly  as poss ib le ,

natura l  changes occurr ing in  populat ions of  species at  the Impact  s i te

in  the Before per iod.  Thus,  dDy d i f ferences in  the Contro l / Impact

re la t ionship in  the Af ter  per iod compared to  the Before per iod can be

a t t r i bu ted  to  SONGS.  Impac t  m inus  Con t ro l  d i f f e rences ,  ca l l ed  De l tas ,

est imate the d i f ferences between the s izes of  the populat ions at  the two

si tes at  the t imes observed.  The average Del ta  in  the Before or  Af ter

per iod est imates the mean d i f ference in  populat ion s ize for  that

per iod.  A s ign i f icant  d i f ference between the average Del ta  in  the

Before t ime per iod and the average Del ta  in  the Af ter  t ime per iod would

indicate that the power plant is having an effect on the population at

the  Impac t  s i t e .

For  many species in  our  s tud ies the average Del ta  in  the Before

t ime per iod was zero,  ind icat ing that  the populat ions at  the two s i tes

were the same s ize.  I f  the populat ions were not  the same s ize in  the

Before per iodr  w€ looked for  a  cont inuat ion of  the same re lat ive

di f ferenca between the populat ions in  the Af ter  per iod.  A more negat ive

average Delta in the After pe.riod than in the Before Delta would

ind icate that  the populat ion near  the power p lant  had decreased in  s ize

re lat ive to  the Contro l  s i te  populat ion.

Note that  s ince BACI analys is  is  per formed on the Del tas,  which are

a measure of  the re la t ionship between populat ion s izes at  the Impact  and

Contro l  locat ions,  var ia t ions in  populat ion s izes in  response to
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+  L  +  T  +  S ,  where  S  i s  t he  add i t i ve  d i f f e rence  due  to  the  SONGS.  No t i ce

that  L  appears in  both Impact  means because i t  represents the Impact-

Contro l  i i f f " t .o" . ;  T appears in  both operat ional  means because i t

r ePresen ts  the  A f te r -Be fo . re  d i f f e rence .  The  SONGS e f fec t ,  S ,  on l y

appears in  the operat ional ,  Impact  model  mean.

For  the addi t ive model ,  the parameters of  the model  represent

changes inabundances,  that  is ,  numbers of  organisms.  For  example,  L  =

L25 indicates there are 125 more organisms, on average, at the Impact

s i te  than at  the Contro l  locat ion.  S,  the SONCS ef fect  parameter ,

rePresents the change in abundance at the Impact site relative to the

populat ion that  would have been there i f  the power p lant  were not  there.

Thus, S = -60 indicates that 60 fewer organisms were found at the Impact

than wourd have been found i f  the power prant  were not  present .

Mainta in ing the model 's  format ,  the averages of  the observat ions

can  be  d i sp layed  as :

Impact Contro l

Before

Af ter

Yrg Ycg

Yt.r Yce

Ytg is the average of al l  the Impact observations in the

PreoPeraticrnal peri6d, and YCg is the average of al l  the Control

observat ions in  the preoperat ional  per iod.  In  the operat ional  per iod,

YrO is the average of al l  Impact obse::vations and YaO is the average of

a l l  Contro l  observat ions.  Therefore,

u =Ycg

L  =YIB-YCg

T =YCA-YCg
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I  =  anr i log (y fg -  yCg)

I  = ant i log (YCn -  YCg)

g = ant i log ( (yra -  yCl , )  -  (y fg -  yCB) )

g = anti log (DELTAA - DELTAB)

where the Ys are now averages of  log- t ransformed data and the De1tas are

di f ferences of  averages of  1og- t ransformed data.  s ,  the SONGS ef fect

Parameter ,  rePresents a propor t ion appl ied to  the mean abundance that

would have been found at the Impact location if  the power plant were not

there.  For  example,  i f  S = 0.5,  i t  means that  the abundance of  organisms

at the Impact location with SONGS present was 607" of the abundance that

would have been measured i f  the pol rer  p lant  were not  present .  Or ,

s tated d i f ferent ly ,  the power p lant  has causeda (1 -  S)  = 407"  reduct ion

in the abundance of organisms.

We wish to  emphasize that  when a mul t ip l icat ive model  is .  invoked,

a l l  analyses are per formed on log- t ransformed data.  Resul ts  f rom 1og-

transformed data analyses can sometimes be different from what one

would expect  f rom look ing at  the untransformed data.  We d iscuss below

both how we decided whether  to  use an addi t ive or  a  mul t ip l icat ive

model ,  and how we at tempted to  reconci le  the d i f ferences between these

two v:ays of looking at the data.

T ' r .e  hACi  test  reduces to  a.  t - test  o f  the nuI1 hypothesis ,
'Hot 

DELTAA - DELT\ = fv.

The a l ternat ive hypothesis  for  both the mysids and sof t -bot tom benthos

i s  H" :  DELTAA *  DELT\ ,  wh ich  i s  a  two - ta i l ed  tes t .  A  t - s ta t i s t i c  i s

ca lcu lated,  equal  to  the d i f ference between the two Del tas d iv ided by an

est imate of  the pooled s tandard error  o f  that  d i f ference.  Degrees of

f reedom for  th is  t - test  are 2 less than the to ta l  number of  surrzeys

taken.
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observed d i f ference between the mean of  the Before Del tas and the mean

of  the Af ter  Del tas and on the amount  of  var iab i l i ty  in  the Before and

Af ter  per iods.  The power of  each BACI test  was ca lcu lated and repor ted.

In  ord i r  for  the s tated Type I  er ror  and power to  be c lose to  the

t rue error  and power,  cer ta in  assumpt ions must  be met .  The next  sect ion

br ie f ly  d iscusses these assumpt ions,  how they are tested,  and how thei r

absence would af fect  the test  resul ts  and can be corrected for .  For  a

more complete exposi t ion of  the BACI model  and assumpt ions see Stewart -

oa ren  (1986 ) .

2 .  4 .4 .2  BACI  Assumpt ions  Desc r ip t i on

In order that the BACI hypothesis of, DELTAA= DELTA, is meaningful

and that the Type I error and power are val id, the fol lowing assumptions

on  the  De l tas  mus t  be  me t :

.  addi t iv i ty  in  the Before t ime per iod,

.  lack of  t rends wi th  t ime in  the Before t ime per iod,

.  lack of  ser ia l  corre la t ion in  both t ime per iods,  and

'  normal . ly  d is t r ibuted errors  in  both t ime per iods.  Each of

these assumpt ions wi l l  be d iscussed below.  Appendix  C

.  Presents the protocol  developed to examine the assumpt ions

. {:ests j-n order to mini-mize i:ubjecti .ve interpretatj .on.

The Addi t iv i ty  Assumpt ion

A fundamental assumption in framing the BACI hypothesis is that

the De1tas within each t ime period are observations from the same

dist r ibut ion;  in  par t icu lar ,  the mean Del ta  must  be constant  over  a l1

surveys wi th in  a per iod.  This  is  a  restatement  of  the assumpt ion for  a

t - test  that  the obserr rat ions,  in  th is  case De1tas,  must  be independent

and  i den t i ca l l y  d i s t r i bu ted .
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locat ion,  then the s lope of  the Del ta  (SONGS minus Contro l )  versus sum

(SONGS p lus  Con t ro l )  l i ne  i s  app rox ima te l y  equa l  t o  45  deg rees .  I n th i s

case ,  t he  resu l t  i s  an  a r t i f ac t  o f  t he  add i t i v i t y  t es t  s t ruc tu re ,  and

the test  is  not  appropr ia te.

The other  so lut ion is  to  invoke the mul t ip l icat ive model  and to

apply a log-transformation of the abundance data. I f  abundances are

mur t i p r i ca t i ve  (e .g .  ,  2x ) ,  t ak ing  the  l og  l i nea r i zes  them (e .g . ,

l og (2x )  =  l oB(2 )  *  l oe (x ) ) .  The  De1 tas  a re  then  the  d i f f e rences  be tween

the 1og- t ransformed abundances.  Note that  we refer  la ter  in  the text  to

log- t ransformed Del tas,  by which we mean Del tas of  the Log- t ransformed

abundances.

Using a log t ransformat ion in t roduces a new pro l lern:  the log of

zeto is undefined, and the abundance data may contain many zeroes. Two

solut ions to  th is  new problem are (1)  to  e l iminate the surveys

containing abundances equal to zeto and perform the BACI analyses ort

log- t ransformat ions of  a  smal ler  data set ;  or  (2)  to  add a smaI l

constant  amount  to  a l l  observat ions before log- t ransforming.  S ince,

however, the size of the most appropriate constant is not known, we had

to t ry  a number of  d i f ferent  constants  and test  each constant  for  a l l

BACI.  assumpt ions.

l r : :  the s i . -uat ion wherb one ce11 of  observ,at ions , (o .g. ,  Bej -o: -e

SONGS) conta ins a preponderance of  zero abundance iza lues,  the s ize uf

the constant added to al l  observations before log-transforming can

contro l  the resul ts  of  the BACI test .  We use a Chi2 test  to  ident i fy

these cases.  I f  such c i rcumstances ex is t ,  the BACI analyses are not

used as the pr imary tests  and may only  be used as corroborat ive tests  i f

more  than  one  l og (x  +  cons tan t )  a re  ava i l abLe  ( i . e . r  passes  a l l

assump t i on  t es t s ) .
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occurred only infrequently (when numbers per 4" core were standardized

to numbers per  3"  core where more than s ix  cores had been analyzed) .

Note that adding a constant before taking a 1og shifts the abundances

r ight  or  le f t  on the hor izonta l  ax is  and can thus change th is  ef fect ,

but  i t  can never  get  r id  of  i t  because of  the shape of  the logar i thm

curve. We found situations in which the untransformed data appeared to

ind icate a change in  one d i rect ion.  but  BACI resul ts  on log- t ransformed

data showed a change in  the opposi te  d i rect ion.  In  such s i tuat ions the

di rect ion of  the change ind icated by the BACI test  was the d i rect ion we

d iscussed  i n  ou r  resu l t s

Because of  these d i f f icu l t ies in  in terpret ing and understanding

1og- t ransformed resul ts  r  w€ preferred to  per form a l l  BACI test ing on

untransformed data,  and to  use log- t ransformat ions as l i t t Ie  as

possib le .  We a lso d iscussed untransformed species.  abundance whether  or

not BACI testing was performed on log-transformations. The percent

relative change in abundance values in our discussions are, however,

based on transformed data when the testing was performed on transformed

da ta .

I rends in  the Before ? ime Per iod Assumpt ion

. For a t:ec.i ;at,]e hynothdsi,s the iDeltasrcannot exhibi-t a trend. r^l i th

t i rne in  the Before per iod.  I f  the Del tas d id show a t rend wi th  t inre,  for

example i f  they were increasing,  then the Contro l  s i te  populat ion was

not  mimick ing the Impact  s i te  populat ion changes.  In  other  words,  the

Contro l  s i te  was not  a  good match for  the Impact  s i te  in  the Before

per iod.  S ince the two s i tes d id not  match in  the Before per iod,  any

change in  the Af ter  per iod could not  be at t r ibuted to  SONGS.
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oe l ta . i k=u+Dts* . j k

where k = ]  for  observat ions in  the Before per iod

2 for  observat ions in  the Af ter  per iod

= survey nunber within a period

= Before t ime per iod mean Del ta

= Q for  k  = 1,  Before per iod observat ions

1  fo r  k  =  2 ,  A f te r  pe r iod  obse rva t i ons

J

u

Dt

g = SONGS ef fect

t jk  = independent ,  normal  (0 ,ot )  random errors

In the case of  ser ia l ly  corre laEed data,  on ly  the error  te tm in  the

above model  changes,  incorporat ing autoregress ive terms :

t j k  =  A l  t j - l , k  *  L2  t j - 2 , k  *  u j k

where A,  = coef f ic ient  o f ' the f i rs t  order  autoregress ive term

AZ = coef f ic ient  o f  the second order  autoregress ive te : :n

u jk  = independent ,  normal  (0 ,  a")  random errors

Maximum l ike l ihood techniques are used to est imate a l l  the coef f ic ients

in  the autoregress ive errors  mode1.  Wi th two ext ra tems in  the model ,

At and AZ, the degrees of freedom now decrease by two. However, the

t rade-of f  is  that  we have v,  an est imate of  er ror  f ree of  autoregress ive

corr .e la t ion,  to  be used as the error  term (MSE) in  the BACI t - test .  The

p-valu.e f rom the autoregress ive 
' t - test  

f  or  the -  BACI er l feets  is

asymptot ica l ly  correct ,  y ie ld ing va l id  resuLts '  for  sample s ' izes greater

than  30  when  co r re la t i ons  a re  sma l l  (Fu1 le r ,  1976) .

F i t t ing observat ions unequal ly  spaced in  t ime to a corre lated

errors model  as i f  they were equal ly  spaced can generate corre lat ions in

the res iduals .  For  example,  consider  observat ions c losely  spaced at

the beginning of  a  ser ies,  and widely  spaced at  the end of  the ser ies,

with correlations at the beginning and independence at the end. Fitt ing
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2 .4 .4 .3  O the r  P rocedu res

In  p lace  o f ,  o r  as  a  con f i rma t ion  o f ,  t he  BACI  t - t es t s ,  seve ra l

other  analyses were per formed.  These procedures,  a l l  o f  which are

d i scussed  be1ow,  were :  W i l coxon  rank  sum tes ts ;  a  SONGS ve rsus  Con t ro l

reg ress ion  p rocedure ;  and  a  b inomia l  SONGS e f fec t  t es t .

Wi lcoxon Rank Sum Test

We used the resul ts  of  the BACI Wi lcoxon rank sum test ,  a  non-

Parametr ic  test r  3S a subst i tu te for  the BACI t - test  when in f luence

points  (v io la t ing the addi t iv i ty  assumpt ion)  were found.  Because

averages are sensi t ive to  out l iers ,  the i r  presence could s t rongly

a f fec t  t he  BACI  t - t es t  resu l t s .  The  tes t  a l so  was  used  fo r  co r robo ra t i on

of  BACI t - test  resul ts  when no out l iers  were present .

tJe appl ied the Wi lcoxon rank sum test  to  the Del tas.  Assuming the

dis t r ibut ions of  the Del tas in  the two t ime per iods were ident ica l

except  for  a  poss ib le  sh i f t  in  the i r  median posi t ion ing,  L ,  the nuI I

hypothesis  is  that  La -  LB -  0 ,  wi th  a two- ta i led a l ternat ive

hypothesis, LA - Lg + 0. A11 the Deltas were ordered and ranked. Under

the nuI1 hypothesis, the ranks should be randomly distr ibuted between

the two periods. I^le computed the sum of the ranks of the De1tas within

tshe t j .me period th.at includeC the smallest .number of su:rreys. We then

calcu lated the p- Ievel ,  which ind icated the probabi l i ty ,  under  the nul l

hypothesis ,  o f  obta in ing the sum of  ranks observed or  a  sum ref lect ing a

less random dis t r ibut ion of  ranks.

Occasional ly  the Wi lcoxon rank sum test  and the BACI t - test  gave

di f  ferent  resul ts .  These d ivergences can be expla ined in  tems of  the

s ize of  the numbers and the i r  var iab i l i t ies.  For  example,  suppose that

the Before Del tas were most ly  pos i t ive and inc luded a few large posi t ive

z!ti:l
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SONGSversus Contro l  Regress ions

P lo ts  o f  SONGS ve rsus  Con t ro l  va lues  p rov ide  a  use fu l  v i sua l

unders tand ing  o f  poss ib le  SONGS e f fec ts .  The  ana lys i s  was  used  to

in te rp re t  con f l i c t i ng  add i t i v i t y  resu l t s ,  t o  l ook  fo r  non - I i nea r  SONGS

ef fec ts ,  and  as  co r robo ra t i on  o f  t he  b inomia l  t es t .  SONGS e f fec ts  can

a lso  be  tes ted  by  f i t t i ng  va r ious  func t i ons  to  the  SONGSlCon t ro l

re la t ionship and test ing for  non-zero coef f ic ients .

I f  the SONGS-Contro l  Del tas are addi t ive,  then S -  C = d or  S = d +

(1  x  C) .  I n  o the r  words ,  t he  SONGS ve rsus  Con t ro l  g raph  w i l l  be  a  45

degree l ine (s lope = 1)  wi th  an in tercept  a t  d .  The SONGS/Contro l

re la t ionship in  the Af ter  per iod in  the case of  a  SONGS ef fect  would

a l so  be  a  45  deg ree  l i ne  w i th  a  d i f f e ren t  i n te rcep t ,  d1 ,  wh ichwou ldbe

less than d.  This  graph would consis t  o f  two para l le I  45 degree l ines

separated by a constant  amount ,  egual  to  d -  d l ,  which is  the SONGS

e f fec t .

We f i t  a  s t ra ight  l ine regress ion model  to  the SONGS/ControI  data

for  each per iod separate ly .  We then looked for  equal i ty  o f  s lopes and

intercepts.  I f  the s lopes were equal  but  the in tercepts were not '  that

was taken as evidence of a SONGS effect equal to the change in

in tercepts.  I f  the s lopes of  the Before and Af ter  regress ions were not

equa.L,  then SONGS may have had a more compl icated ef fect .  Note that

s lopes not  equal  to  I  imply  a mul t ip l icat ive modeL in  the De1tas.

We a lso f i t  curved l ines to  the SONGS versus Contro l  data.  Data

which f i t  the curved l ines wil l  exhibit a more complicated form of

mul t ip l icat iv i ty .  I f  the regress ion f i t  two paraLle l  curved l ines,

then the interpretation was that the relationship between SONGS and

Contro l  abundances was the same in  both t ime per iods,  but  that  the

abundance changed in the After t ime period. If  two different curved
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Whenever  poss ib le  we preferred to  use the untransformed data.  The

low absolute va lues of  most  o f  our  data suggest  that  addi t ive models  are

appropr ia te;  in  fact ,  extens ive t r ia ls  wi th  other  t ransformat ions

(e .g .  ,  l og ( x ) ,  l og ( x  *  c ) ,  i n ve rse ,  and  sgua re  roo t )  d i d  no t

substant ia l ly  improve e i ther  the degree to  which the data were amenable

to  s ta t i s t i ca l  ana lys i s  o r  ou r  ab i l i t y  t o  i n te rp re t  t he  da ta .  F ina1 ly ,

in most cases in which there were zero observations, the data

t rans fo rmedby  l og (x  +  c ) ,  i n i t i a l l y  t hough t  t o  be  mos t  des i rab le ,  we re

too  sens i t i ve  to  the  va lue  o f  t he  cons tan t ,  c .  Thus ,  we  d id  a l l  t ha twe

reasonably  could in  our  analy t ica l  protocol  to  accept  unt ransformed

data before resor t ing to  the imposi t ion of  a  t ransformat ion.

'  Descr ip t ion of  Change

The number of surveys to be taken in the After t ime period was

calcu lated on the basis  of  the requi rement  that  the power (probabi l i ty )

to detect a 507" change be at least 80%. The 50% change was estimated by

assuming that abundance levels at the Control site would remain

constant and that abundance levels at the SONGS site would double or

decrease by hal f .  For  th is  repor t  we wished to reta in  th is  perspect ive,

and-we therefore ca lcu lated a re la t ive percent  change which could be

qenr.pared to that used in e.st imating sample size.

As we ment ioned in  Sect ion 2.4.4.L,  wi th in  an ac ic i i t ' ive noder ,

Del taO est imates the locat ion ef fecE and Del ta ,  est imates the locat ion

ef fect  and the SONGS ef fect .  DeI taO -  Del ta '  therefore,  est imates only

the SONGS ef fect ,  S,  or  the number of  organisms gained or  lost  due to  the

presence of  the p1ant .  We have- taken th is  number and expressed i t  as a

percent relative to the average number of organisms found at SONGS in

the Before t ime per iod.  I t  is  repor ted as the percent  re la t ive change

in abundance of the organism
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YCB *  T x  L x  (S -  1)  = abundance lost  a t  the Impact  S i te

in  the Af ter  per iod due to  SONGS

7" Relat ive Change = 100 (YCg x T x  L x  (S -  1) )  /  Yfg.

Once T,  L ,  and S have been est imated,  S -  I  represents the

est imated propor t ion of  organisms at  SONGS lost  due to  the presence of

the power p lant .  This  propor t ion is  re la t ive to  the number of  organisms

that would have been found at the Impact site i f  the power plant were not

present .  Thus,  to  est imate the number of  organisms lost  as a resul t  o f

the power plant, we need to estimate the number of organisms that would

have been observed in the absence of the power plant. This number is

estimated as the average abundance at the Control site in the Before

per iod,  t imes the propor t ional  increase (or  decrease)  due to  locat ion,

t imes the propor t ional  change due to t ime,  or  Y*  x  L x  T.  Mul t ip ly ing

YCB *  L x  T by (S -  1)  y ie lds the number of  organisms lost  as a resul t  o f

the power plant. Dividing this number by the average abundance at the

Impact site in the Before t ime period yields a percent change that is

comparable to  that  ca lcu lated wi th  an addi t ive model .

Because th is  est imate of  percent  change is  based on ar i thmet ic

means applied to a rnult ipl icative model, the percentage found may

di f fer  in  s ign f rom that  found us ing geometr ic  means ( i .e . ,  means of

Log- t ransformed < iata) ,  which is  what  the fu1 ly  uru l t ip i icat ive modei

uses .

BACI Tes t i ng

The leve1 of  s ign i f icance (c- level )  for  the BACI test  was se lected

tobe  e i t he r  0 .05  o r  0 .10 ;  t he  power  o f  t he  BACI  t - t es t  was  used  as  the

select ion cr i ter ion ( recal l  that  the power of  the BACI test  is  the

probabil i ty of detecting a 507" decrease or increase when such a change
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2 .4 .4 .4  Adap ta t i on  o f  BACI  Approach  to  Ana lyze  Mys id  Reproduc t i ve

Po ten t i a l

This  analys is  was developed to test  whether  the propor t ion of

adul t  females carry ing young (brooding female/ to ta l  adul t  female)  was

the same in  the four  BACI ce l1s for  each mysid species.  The propor t ion

of  brooding females was est imated as the s lope of  the l ine between

brooding females versus a l l  females,  forced through the or ig in .  To make

comparisons between the brooding female proport ions among the four BACI

cel ls ,  an analys is  of  covar iance (ANCOVA) was establ ished as fo l lows:

B R  =  a  * A B I  +  !  * A B C  *  c  * A A I  +  d  * A A C  +  e

where BR = number of  brooding females for  th is  observat ion.

ABI = number of adult females in the Before period at the

Impact  s tat ion,  o f
= Q i f  not  a  Before,  Impact  observat ion.

ABC = number of adult females in the Before period at the

Con t ro l  s ta t i on ,  o !
= Q i f  was not  a  Before,  Contro l  observat ion.

AAI = number of adult females in the After period at the

Impact  s tat ion,  or
= 0 i f  not  an Af ter ,  Impact  obse:r rat ion.

AAC = number of adult females in the After period at the

Contro l  s t 'a t ion,  o f
'  =  0 ' , i f  l s t  an  r \ f , t e r r . .Con t ro i  obse rva t i on .

a ::  F,rr.rporEi-.e:r].-cf t irooCing ..fema-!.es a.t Before, Impa.ct.

b = change in propo!' t ion of brooding females

a t  Be fo re ,  Con t ro l  re la t i ve  to  Be fo re ,  Impac t .

c = change in proport ion of brooding females

at  Af ter ,  Inpact  re la t ive to  Before,  Impact .

d  = change in  propor t ion of  brooding females

a t  A f te r ,  Con t ro l  re la t i ve  to  Be fo re ,  Impac t .

e  = independent ,  ident ica l ly  Normal ly  d is t r ibuted errors .
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For the pat tern analys is ,  a l l  Before observat ions (both SONGS and

Contro l )  and the Af ter -Contro l  observat ions were combined in to one

grouP (hereaf ter  ca l led "Before-or-Contro l " )  to  be compared wi th  the

Af ter -SONGS- group.  Combin ing Before-SONGS wi th Before-Contro l  and

Af ter-contro l  groups s i rnp l i f ies the analys is  whi le  put t ing any

di f ferences between those three categor ies in to the error  var iance.

This  in  turn causes the analys is  to  be more consenzat ive ( i .e . ,  makes i t

harder  to  f ind d i f ferences) .  I t  has the v i r tue,  however ,  o f  bu i ld ing a

standard based on al l  of the condit ions that can be regarded as

unaffected by SONCS Units 2 arrd 3 operations.

If the }IANOVA was perfotmed on untransformed abundance data, the

technique might be sensit ive to an overal l  change in abundance. That

iS,  s ign i f icant  d i f ferences might  be found in  a1l  tows due to a change

in abundance everywhere in the After-SONGS group. Therefore, the

pattern analysis was performed using ranks of abundances. Each tow of

each survey $tas a vector  var iab le.  In  th is  analys is  on ly  the re la t ive

changes between the tows were important.

The mean abundances (number per cubic meter) for each of the

inshore-of fshore s t rata by locat ion ( Impact ,  Contro l )  and date

observat ions were used to rank the observat ions. 'The equat ion used to

p:t 'duce these mean abundances was:

3
mean/m3 = I  [  (numberr /mt)

3  i = l

where i refers to a transect and j refers to an inshore-offshore

stratum. The rank was then used in the pattern analyses (!, lANOVA, ANOVA,

Bonferroni  t - test )  o f  mysid onshore-of fshore d is t r ibut ions.  The mean

numbers per cubic meter were ranked from lowest to highest by location

and date.  A "phantom" s t ratum was a lways ass igned the lowest  va lue (1)

in  order  to  avoid s ingular i ty  in  the test  resul ts .
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A mul t ivar ia te repeated measures analys is  (SAS, 1985,  GLM

procedure )  was  used  to  tes t  f o r  a  pe r iod -by - loca t i on  i n te rac t i on i  e .8 . ,

per iod and d is tance f rom SONGS. A repeated measures analys is  of

var iance is  used when there are wiEhin-subject  corre lat ions.  In  the

analys is  of  longshore pat terns of  abundance we suspected spat ia l

corre lat ions in  the data.  S ince each sampl ing survey represents a

subject ,  these corre lat ions could be expl ic i t ly  incorporated in to the

stat is t ica l  model  wi th  the repeated measures procedure.  The d is tance

from SONGS was the repeated measure;  a  rnu l t ivar ia te procedure was used

in order  to  incorporate a vector ,  the e lements of  which were the va lues

of  abundance at  the longshore locat ions.

I f  the mul t ivar ia te analys is  showed s ign i f icant  per iod-by-

locat ion in teract ions,  then Bonferroni  mul t ip le  compar isons on the

univar ia te per iod-by- locat ion d i f ferences were used to dete:mine where

in the longshore those d i f ferences occurred.  In  th is  technique,  a  one-

way univariate ANOVA was used to identify which locations changed from

the Before to  the Af ter  per iod.  A second factor ,  survey-nested-wi th in-

per iod,  which is  a  measure of  the survey- to-survey d i f ferences,  was

included in the ANOVA analyses in order to keep that variat ion out of

the error  term.  The resul ts  of  the second factor  were not  per t inent  to

the"  quest ion being asked.  A pr ior i  contrasts  between lgcat ions were

then tested for  locat ional  d i f ferences between per iods.  For  example,

the difference between the mean abundances in the Before and After

periods of a given taxon at 700 m downcoast from SONGS at the 18 m depth

was tested against  the same d i f ference at  1100 m downcoast  f rom SONGS.

The s ign i f icance level  for  each of  the 15 a pr ior i  locat ional  contrasts

was  ad jus ted ,  us ing  Bon fe r ron i ' s  i nequa l i t y  t o  . 05 /15  =  .0033 .  Us ing

these locat ional  contrasts ,  a  mul t ip le  compar ison presentat ion was
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us ing  a  Bon fe r ron i  l eve l  o f  . 05 /9  =  . 005  t o  gua ran tee  a t  l eas t  a .05

leveI  for  the n ine species co l lect ion.  The mean rank orders of  abundance

at each location were compared for each t ime period and the two

locat ions were a lso compared to  determine i f  the same species showed

simi lar  s ign i f icant  changes between the s tudy per iods at  both

Ioca t i ons .

2 .4 .7  . 2  Ben thos

The community summary variables for the benthos were not uti lLzed

in a seParate analys is  as was done for  the mysids,  but  instead were used

together  wi th  the c luster  analys is  to  descr ibe communi ty  level  changes.

2 .4 .8  Commun i t y  Pa t te rns  - -  C lus te r  Ana lyses

2 .4  . 8 .L  Mys ids

In the i r  f ina l  repor t  for  the preoperat ional  per iod Bernste in and

Gleye  (1981)  repo r ted  on  the  cons i s ten t  assoc ia t i ons  o f  mys id  spec ies

that characterized the nearshore in the San Onofre region. These

associat ions of  var ious developmenta l  s tages of  d i f ferent  mysid species

were based on both depths of  occurrence and on seasons.  Cluster  analys i .s

was used to ident i fy  pat terns of  reLat ionships.

l - le  repeated the c luster  analys is  wi th  some a l terat ions to  asse* s

rl irether SONGS stations in the After period formeci a unique group which

would suggest a change in cornmunity in the SONGS area. A second purpose

was to determine i f  re la t ionships had changed s ince the onset  o f

operat ion at  Uni ts  2 and 3.

In  order  to  reduce the data to  a level  that  could be analyzed by

avai lab le computer  sof tware we condensed our  abundance-by-depth data to

the weighted mean abundance in  the nearshore Tows Lr '2 ,  and 3 (5-15 m)
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bas i s  o f  a  c l us te r  i n t ens i t y  coe f f i c i en t ' (B )  se t  a t  -  . 25 .  Us ing  B  =  '  . 25

wi th f lex ib le  sor t ing tended to produce d is t inct  groups and is  a

convent ional  approach (Boesch,  L977) .  The normal  and inverse

c lass i f icat ions were used to produce a two-way co inc idence tab le

(F igu re  3 -19 )  o f  ' spec ies  and  dep th  by  t ime  and  l oca t i on  (=s t ra ta )

g rouPs .

The level  o f  resemblance deemed suf f ic ient  to  ident i fy  a  grouP was

sub jec t i ve l y  se t  a t  a  B ray -Cur t i s  d i s tance  o f  >  .50  fo r  t he  s t ra ta  ( t he

norma l  c lass i f i ca t i on ) ,  wh i l e  f o r  spec ies  ( the  i nve rse  c lass i f i ca t i on )

i t  was set  a t  .  .80.  In  the species dendrogram the level  o f  resemblance

considered suf f ic ient  to  ident i fy  groups var ied;  that  is ,  a  f lex ib le

"stopping ru le"  was used.  Boesch (L977 )  po inted out  that  th is  is  a

reasonable procedure wi th  the type of  c lass i f icat ion analys is  used

here.  The st rata dendrogram is  inc luded inAppendix  C.1 (F igure C.1-1)

and may be used to examine the depth by t ime and location groupings

indicated on the two-way tab le presented in  Sect ion 3.

2 .4 .8  . 2  Ben thos

Resemblances among benthic taxa in terms of their relative

abundances at the various sampling t imes and places, which define

spe;cies clusters , - ar:d among the various stations and t imes in terms of

the re la t iv .e  abur .dances of  the.var ious taxa,  which descr ibe s tat lor r

groups,  can be demonstrated by the use of  c luster  analys is .  As for  the

mysids,  the pr inc ipa l  use of  c luster  analys is  in  the benthos s tudy was

to reveal  whether  a par t icu lar  su i te  of  s tat ions--SONGS-area stat ions

in the Operat ional  per iod--cou1d readi ly  be d is t inguished f rom the rest

of  the data.  A secondary use of  c luster  analys is  was to  descr ibe

aspects of  the b io logy of  the benth ic  communi ty ,  such as seasonal i ty  and
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Stat ion groups ident i f ied in  the c luster  analys is  were descr ibed

in terms of  the i r  species composi t ion by a s tandard ized abundance

technique (Smi th,  L976) .  For  each group,  the abundances of  each species

in the group were square-root  t ransformed,  then standard ized by the

square root  o f  that  species '  maximum observed abundance.  For  each

species,  the s tandard ized va lues of  the abundances of  that  species

within group were summed and divided by the number of occurrences. Thus '

a  va lue of  1 .0 means that  wi th in  that  group the species a lways occurred

at i ts maximum abundaDce, whereas a low value means that the species was

rare ly ,  i f  ever ,  c lose to  i ts  maximum abundance.  This  approach weights

the species more equi tab ly ,  prevent ing the less abundant ,  but

consis tent ly  present ,  species f rom being overwhelmed by th ;  very

abundant  species.  The resul t  is  essent ia l ly  the rank order  of  re la t ive

abundance of  species wi th in  each group.  The species character is t ic  o f  a

stat ion group were taken to  be the ten to  f i f teen h ighest- rank ing on the

basis  of  the re la t ive abundance:  for  the 8 m data a l l  species and TM

groups present  at  greater  than 0.25 were inc luded,  and at  18 m,  because

overa l l  abundance was greater  than at  8  m,  0.35 was used.  Note that  as a

consequence of  th is  method of  s tandard iz ing abundance,  ident i f icat ion

of  a .  species as a character is t ic  member of  a  s tat ion group impl ies thaE

in that station group it  was at or near i ts maxirnr-rm abundance, but not

necessari ly that i t  had to be one of the most abunciant species irr that

s ta t i on  g roup .

In view of the enormous number of points comprising the benthic

data base,  mul t id imensional  scal ing was a lso used to descr ibe the

bio log ica l  var ia t ion in  the data.  In  th is  method,  descr ibed by Smith,

Bernste in,  and Cimbelg ( in  press) ,  the d is tance between any two samples

in a mul t id imensional  env i ronmenta l  space should be propor t ional  to
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var iab les were independent  of  each other  and of  SONGS operat ions.

Throughout  our  analyses we used cool ing water  vo lume as a surrogate for

the operat ipns and ef fects  of  SONGS. The P/C var iab les represented food

and  hab i ta t  cha rac te r i s t i cs .  As  Sec t i on  3 .1  shows ,  t he re  were  no

spat ia l  Pat terns of  P/C var iab les at  the 3 km l ine that  could be

at t r ibuted to  the operat ion of  SONGS at  that  d is tance and far ther

downcoast  - -  none of  the var iab les showed a change wi th  the onset  o f

SONGS operat ions,  and none was st rongly  corre lated wi th  cool ing water

volume.  Because SONGS ef fects  on P/C var iab les were thus e l iminated,

changes in  these const i tuents represented natura l  var iab i l i ty  in  the

sys tem.  We were  ab le ,  t he re fo re ,  t o  p roceed  to  tes t  f o r  SONGS e f fec ts .

Our  second step was to  per form stepwise mul t ip le  regress ions of

the abundances of  each mysid l i fe  s tage on the P/C var iab les.  The

resul ts  showed which var iab les were s ign i f icant ly  corre lated wi th  the

mysid abundances.  More impor tant ly ,  they accounted for  e f fects  of

natura l  var iab i l i ty  on natura l  abundances.

In the third step, we compared the changes in abundance of each

mysid s tage at  SONGS and Contro l .  I f  SONGS changes in  the Af ter  per iod

were matched by para l le l  changes at  Contro l ,  w€ could not  invest igate

the .  re la t ionships between mysid abundances, '  predators,  and soNcs

opera.i: ior..s. This was lrecause if  changes i-n abundance were the sa.me at

both locat ions,  then we could not  d is t inguish ef fects  of  predators ar id

SONGS operat ions f rom ef fects  of  large-sca1e natura l  changes.  In  those

cases,  w€ could only  examine the re la t ionships between P/C var iab les

and mysid abundance. If  the changes were different however, then we

proceeded wi th  the analys is .

In  the four th s tep,  l r€  repeated the regress ion,  but  added the

abundance of  the f ish that  were presumed to eat  mysids.  These
!
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i nd i ca t i ng  a  cause -and-e f fec t  re la t i onsh ip .  I f ,  however ,  t he  add i t i on

of  pumping vo lume improved the corre lat ion,  then we evaluated the s ign

of  the re la t ionship as wel l  as changes in  mysid abundance at  Contro l  to

see  i f ,  a l i  cons ide red ,  a  SONGS re la t i onsh ip  cou ld  reasonab ly  be

inferred.  Note that  the re la t ionship between mysids and SONGS could be

posi t ive or  negat ive,  depending on whether  the SONGS ef fect  was an

improvement  of  the habi ta t ,  such as an increase in  food,  o !  a

de t r imen ta l  e f fec t ,  such  as  i n take  mor ta l i t y .  We  accep ted  a  pos i t i ve  o r

negat ive re la t ionship for  s tages of  mysids that  inhabi ted the cross-

shel f  or  o f fshore zone.  This  is  because we could env is ion the

Poss ib i l i t i es  o f  e i t he r  improved  cond i t i ons  (e .g . ,  f ood  o f  hab i ta t

changes  a t  L2 -2O m due  to .d i f f use r  f a l l ou t )  o r  deg raded  cond i t i ons

(e .g . ,  d i scha rged  and  en t ra ined  wa te rs  empt ied  o f  v iab le  mys ids ) .

However ,  for  mysids wi th  inner-nearshore d is t r ibut ions we accepted only

negat ive re la t ionshi .ps between mysids and SONGS act iv i ty .  We could not

envision improved habitat or food changes occurring in the inner

nearshore zone that  would be ref lected 3 krn downcoast .

F ina l ly '  i f  both SONGS and f ish were s ign i f icant ly  corre lated wi th

mysids,  then we had to examine the data on a case by case basis  to  see i f

we could determine if  each was acting independently or i f  f ish were

respondi .ng to  SONGS.

Note th .at  th is  analys is  was not  o f  a  BACI type.  No habi t : r t  or  food

var iab les v tere avai lab le f rom the mysid Contro l  s ta t ions.  Therefore,

we could only  address var iab les through t ine at  the Impact  area.  Food

and habi ta t  observat ions were rest r ic ted to  those measured wi th in  the

sampl ing zone of  the mysid Impact  area (3350 m downcoast)  f rom both 6-L2

m and L5-23 m zones.  Mysid abundances averaged over  the 6-L2 n depth

t ransects  or  the 15-23 m t ransects  on each survey vrere the dependent

a
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adjusted r2 depended on the number of  independent  var iab les as wel l  as

the corre lat ions.  The maximum value of  the adjusted t2  was used to

de f i ne  the  "op t imum"  reg ress ion  resu l t .

The "opt imum" resul t  was fur ther  evaluated to  assess the f i t  o f  the

mode1 .  Va lues  o f  Cook ' s  D  s ta t i s t i c ,  wh ich  i s  a  measure  o f  i n f l uence

(Cook ,  L977 ,  L979 ;  SAS,  1985) ,  we re  examined  fo r  each  su rvey  and  dep th

to determine whether there were observations having undue inf luence on

the  reg ress ion  resu l t .  A  h igh  Cook ' s  D  fo r  a  pa r t i cu la r  su rvey  and

depth indicated either that the relationship between the environmental

and b io log ica l  var iab les was d i f ferent  for  th is  observat ion,  or  that

the envi ronmenta l  var iab les were out l iers ,  or  both.

I f  there was an observat ion wi th  a s ign i f icant  (as compared to  F-

va lues ;  D raper  and  Smi th ,  1981 ,  p .  170 )  Cook ' s  D ,  t hen the  obse rva t i ons

for  that  survey and depth were deleted,  the regress ion was re-r t rn ,  and

the resul ts  wi th  and wi thout  the in f luent ia l  observat ions were

compared.  Upon evaluat ion,  i f  the s ing le observat ion determined the

ou tcome o f  t he  mode l  (e .9 . ,  doub led  the  co r re la t i on ) ,  t hen  the  mode l

wi thout  the observat ion was used for  in terpretat ion.

Some of  the data used in  the mul t ip le  regress ion analyses were

transformed. The abundance of rnysids (the dependent variabLe) was

tra.nsformed by log(x)  i . . f  logs were used for  the.ear l ier  BA.CI  analyses.

Otherwise they vrere not  t ransformed.  By us ing phi  un i ts ,  gra in s ize

var iab les were a l ready t ransformed.  F ish abundance was log(x *  1)

t ransf  ormed.

2 .4 .9  . 2  Ben thos

The mul t ip le  regress ion analys is  of  the benthos wi th

physica l /chemical  env i ronmenta l  var iab les was essent ia l ly  the same as
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Tab le  2 -L .  L i s t  o f  su rvey  da tes  and  desc r ip t i ons  app l i ed  to  them in
th i s  repo r t .

29  Sep  L976
14 Jan L977
21 Apr L977
08 Ju1 L977
02 Feb L978
28 Apr  L978
10  Oc t  1978
08 Feb L979
03 Jun L979

Addi t ional  surveys that  were
used in  some analyses as
Preoperat ional  surveys

Preoperational Surrreys

Interirn Surveys

L4
.L4

14
31' . - 1 2 3

2L

23  Oc t  1979
05 Nov L979
20 Nov L979
03 Dec L979
L7 Dec L979
L7  Jan  1980
27  Feb  1980
13  Mar  1980
12  Apr  1980
25  Apr  1980
08  May  1980
22 Ylay 1980
L9  Jun  1980
03  Ju l  1980
07  Aug  1980
11  Jun  1981
22  Sep  1981
07  Dec  I 98

Mar L982
Jun  1982
Sep L982
Dec  , I 982
Mar  1983
Jurr  1983
Sep  1983

04 Dec L979
27 Dec L979
04  Feb  1980
20  Mar  1980
07  Apr  1980
25 Lpr  1980
20 May 1980
09  Jun  1980
30  Jun  1980
L6  Ju l  1980
04 Aug 1980
26  Aug  1980
15  Sep  1980
17  Nov  1980
26  Jun  1981
15  Sep  198 I *
01  Dec  1981*

02 Mar
. 01 . lun

22 Sep
i "l-4 .-Ian

11 Mar
23 Jun
29 Sep
22 Dec

L982
1.982
L982
i983
i98  3
198  3
198  3
198  3I

I
I
I
I

*  -  d i f ferent  preservat ion technique these surveys
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Figure 2-2. configuration of the gear used to sample mysid.s.
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SONGS (Figure 2-3) .  Some var iab les were measured on nys id surveys.

Water column chlorophyll  was measured on MEC plankton su:r/eys, and the

two-month mean of temperature came from EcoSystems Management current

meters

The data were anaLyzed in  two ways.  Data co l lected a long the

benth ic  l ines were d isp layed on the appropr ia te t ime and space axes,

which prov ided c lear  p ic tures of  the longshore d is t r ibut ion of  each

var iab le at  each depth over  the course of  the ent i re  s tudy.  Data

col lected on a more rest r ic ted spat ia l  sca le,  such as temperature and

water  co lumn chlorophyl l ,  were s imply  p lo t ted against  t ime.

The resul ts  showed that :

there was a marked difference between 8 and 18 m in the

dis t r ibut ions of  most  o f  the var iab les examined;

'  bot tom water  temperatures var ied between 1L.5 and 19.50C at

the 18 m stat ion and between 14 and 22oC at  the 8 m stat ion;

.  sediments at  8  m were coarser  (3  to  4 phi )  and less wel l -

sor ted than those at  18 n (4 to  5 phi ) ;  a  large input  o f  s i l t

and clay which appeared in early 1981 dominated the sediments

at  18 m wi th in  2 kn of  SONGS unt i l  ear ly  1985;

. '  start ing in early 1982! concentrations of organic carbon in

' the sedimerrts were higher at 18 m than at 8 m, and were higher

within 2 kn of SONGS than farther downcoast at both depths;

this may reflect the inf luence of either, the kelp bed or

SONGS;

' a period of very low sediment chlorophyll  concentrations (< 1

ue/g dry sediment) at both depths coincided with the L982-

1984  Ca l i f o rn ia  E l  N ino  ( see  Re i t ze l  e t  € r1 . ,  L987a  fo r  a

descr ip t ion of  EI  Nino) ;  ch lorophyl l  concentrat ions rose

3-2
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depth of  water  at  the s tat ion,  not  the actual  depth at  which the

measurement was made. The 8 m station was less than I krn frorn shore, the

18 m stat ion approx imate ly  3 kn.  Because there was no longshore

comPonent  t ;  the sampl ing scheme for  these var iab les,  there is  no way to

de tec t  any  e f fec ts  o f  SONGS on  those  va r iab les .

There was a 20C difference in extremes of temperature between the 8

and 18 m stations (Figures 3-1 and 3-2). Temperatures at 8 m ranged from

14  t o  22oc ,  t hose  a t  18  m  f r om I1 .5  t o  19 .50c .  The tempera tu re range in

any g iven year  was genera l ly  greater  a t  8  m than at  18 rn.  In  1979,  1980,

and,  apparent ly ,  -1981 a combinat ion of  s toms and st rong upweLl ing

prevented temperatures at  18 m f rom exceeding 150C, but  a t  8  m th is

ef fect  was only  pronounced in  L979.

-  Water  co lumn chlorophyl l  concentrat ions (F igures 3-3 and 3-4)

generally varied between 0.5 and 4 ug/L during the preoperational and

inter im per iods.  Gaps in  the data record,  the coarseness of  the record,

and the effects of EI '  Nino in Cali fornia from L982 to L984 prevent us

f rom descr ib ing the seasonal  cyc le of  ch lorophyl l  in  deta i l ;  data f rorn

the preoPetational period and from 1986 suggest that the standing crop

is highest in spring and early sunmer. Very dense (r 30 ug/L) blooms

occasional ly  d is tor t  the record,  which is  based upon two-month neans,

'ar rd obscure the seasonal  pat ter :n .

Secchi  depths (F igures 3-5 and 3-6)  var ied between 2 m and t i re

bot tom at  the 8 m stat ion,  and between 2 and 13.5 m at  the of fshore

station. The seasonal pattern of changes in water transparency sras very

similar at the two stations. In general, brater transparency appeared to

be highest during summer and autumn and lowest during the winter. This

aPparent  pat tern may be in  par t  an ar t i fact  o f  the fact ' that  the data

points in the f igures represent two-month means; one would not expect

3-4
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sediments f rom a combinat ion of  SONGS construct ion ef fects  and storm-

re lated land runof f  dur ing LgTg-1980 and Lg82-1983 (Barnet t  e t  a l . ,

L982 ;  Re i t ze l  e t  41 . ,  1987b) .  No te  tha t  s ince  Un i t  2  beganpump ing  i n

L982 and Uni t  3  in  1983 (except  for  some pump test ing in  1980-1981) ,  the

temporal pattern of change in the si l t  I  cLay content cannot be

at t r ibuted to  SONGS Uni t  2  and 3 operat ions.  There is  a  suggest ion in

these data that a pattern of increased si l t  I  cLay content near SONGS has

been mainta ined throughout  1985 and 1986;  th is  could be an ef fect  o f  the

operation of SONGS, but there is no obvious relationship between the

changes in  the s i l t  lcLay f ract ion dur ing mid-1983 to la te 1986 and the

pumping volume, which was fair ly constant. Note that neither the phi

values nor the pefcent si l t  /  cJ.ay patterns that show high values near

SONGS extend downcoast as far as the mysid sampling area (2500 to 3500

m, cqrresponding to the benthos 3350 m l ine at 8 m and the 3200 m l ine at

18 rn)

The f inal measure of the character of the sediment that we examined

di rect ly  was sor t ing,  which is  a  measure of  the d ispers ion of  obserr red

gra j -n s izes about  the mean value,  i .e . ,  how uni form in  s ize the sediment

is .  Lower va lues of  d ispers ion mean increasingly  wel l -sor ted sediment .

At  8 .m (F igure 3-11)  the sedi rnent  was genera l ly  wel l -sor ted unt iL  la te

L982,  then became r , rarkedly  less vre l l -sor ted,  par i i .e t rLa. - ly  a t  the 6700 m

l ine,  unt i l  Late 1984,  when i t  became increasingly  wei i j ' sor ted.  This

pat tern suggests an in f lux of  mater iaL of  a  d i f ferent  gra in s ize,  such

as a veneer  of  coarse mater ia l  be ing deposi ted on f iner  mater ia l .  The

data on mean gra in s ize (F igure 3-7)  suppor t  th is  hypothesis ,  s ince

there was a corresponding decrease in  mean phi -s ize at  the 6700 l ine.

In  the  18  m da ta  (F igu re  3 -L2 ) ,  t he  a reas  o f  we l l - so r ted  sed imen t  ( i . e .  '

low d ispers ion)  correspond to ext remes of  gra in s ize.  Thus,  the coarser
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study.  The pat tern at  18 rn was s imi lar ,  but  the va lues were genera l ly

somewhat lower, and the increase in 1984 was much less marked than at 8

m. There was no longshore gradient in chlorophyll  concentrations at the

8 m stat ion i ,  but  a t  the 18 rn s tat ions concentrat ions were genera l ly

h igher  near  SONGS dur ing the operat ional  per iod.

Organic carbon concentrations were lower at 8 m than at 18 m

(Figures 3-15 and 3-16) .  In  the preoperat ional  per iod,  organic  carbon

at 8 m was evenly distr ibuted longshore, but in the operational period

concentrations were highest along the 1900 m l ine. At 18 rn the pattern

of organic carbon concentrations general ly mirrored that of sediment

chlorophy1l .  concentrat ions (F igure 3-14) .  In  both the preoperat ional

and operational periods the concentrations of organic carbon were

usually higher nearer SONGS. The higher concentrations near SONGS at 8

and 18 m may ref lect  the presence of  the ke lp bed (F ieure 1-4) ,  or  they

may be due to an input  o f  organic  det r i tus f rom the d i f fusers.

Macrodetri tus can be considered to be a measure of food available

to mysids and certain other benthic organisms. Detri tus in the benthic

samples was routinely measured in order to determine whether SONGS was

af fect ing the food regime of  the organisms.  The resul ts  (F igures 3-17

and 3-18) show that macrodetri tus varied somewhat at both depths over

i: jrre, but that there was very l i t t le lon.gshore varia.bi-1:i . ty at ej-ther

<iepth. There is a suggestion, in the 8 rn data, of higher corrcentratis:.ts

near  SONGS in 1985 and 1986,  but  the ef fect  is  not  pronounced.  Al though

macrodetri tus concentrations were general ly higher during the

operat ional  per iod,  the increase d id not  correspond c losely  to  the

star t  o f  Uni ts  2 and 3 operat ions.  Note that  a t  both the 8 and 18 m

depths there was very l i t t le variat ion through t ime in the mysid

sarnpling area (3200 and 3350 m l ines) and in the benthos control area

(6700  and  9400  m  l i nes ) .
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1985 and 1986,  when the cool ing water  f low was h igh,  than ear l ier  in  the

study.  There are two reasons for  th is  conclus ion.  F i rs t ,  macrodetr i tus

exhib i ted no longshore changes that  would ref lect  a  SONGS source.

Second,  cool ing htater  f low was a lso h igh dur ing par t  o f  1983 and a l l  o f

1984,  but  macrodetr i tus concentrat ions were very low,  so that  there is

no just i f icat ion for  a t t r ibut ing a cause-and-ef fect  re la t ionship to

th is  corre lat ion.  Cool ing water  f low was a lso corre lated wi th  gra in

s ize d ispers ion at  the 3200 m l ine.  As pointed out  above,  the h igher

values of  d ispers ion noted in  the operat ional  per iod d id not  appear  to

be the resul t  o f  p lant  operat ions,  so that  in  th is  case,  too,  the

corre lat ion ref lects  a re la t ionship wi th  t ime,  ra ther  than a cause-and-

ef fect  re la t ionship wi th  cool ing water  f low.  The four th corre lat ion

was between the number of f ish and the concentration of sediment

chlorophyl1. .  Both increased sharp ly  in  1986 (F igures 3-13 and 3-14;

Barne t t  e t  41 . ,  1987) ,  and  i n  the  absence  o f  a  p laus ib le  cause -and-

effect mechanismwithout invoking a long lag t ime, we conclude that this

corre lat ion is  a  co inc idence that  may ref lect .a  re laxat ion f rom EI  Nino

condi t ions for  both const i tuents.

In sunmary, only four of the correlations between the

physi .ca l /chemical  var iab les had corre lat ion coef f ic ients  greater  than

'. ' . [ : . ,  l ]hree cf ' those fou;: appeared to' be coj-ncid.ences, t ' .ngelateci by a

causal mechanism. Therefore, sre conclude that there was no evidence for

cause-and-ef fect  re la t ionships between the phys ica l  and chemical

factors that were examined over the course of the study.
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(5) to determine if  the rnysid community as a whole changed at SONGS in

the Af ter  per iod in  a way that  was not  re f lected at  Contro l  in  the

'  Af ter  per iod;  th is  evaluat ion was based on c luster  analys is ;  and

(5) to det'ermine if  changes noted in the abundance of a species at

SONGS could be related to changes in the environment, predator

abundances,  or  SONGS operat ions.  Because phys ica l  and chemical

data were only  avai lab le for  the SONGS area,  re la t ionships could

be noted but  not  used as ev idence for  a  SONGS ef fect ;  these

re lat ionships were examined us ing mul t ip le  regress ions.

The n ine mysid species that  t {ere tested fe l l  in to  three groups,  as

def ined by the onshore-of fshore d is t r ibut ion of  the species:  inshore,

cross-shel f ,  and of fshore.  The r isk  of  wi thdrawal lent ra innent  losses

was expected to  be h ighest  for  the inshore species (Table 3-2) .  The

cross-shel f  species were expected to  be suscept ib le  both to  in take

losses and to  d i f fuser- induced habi ta t  a l terat ions.  The of fshore

species were expected e i ther  to  be suscept ib le  to  a l terat ions of

habi ta t  and predat ion pressure,  or  to  occur  outs ide the area in f luenced

by  SONGS.

The resul ts  were:

'  One cross-shel f  species (Mysidopsis  in t i i )  and one of fshore

species (![eonysis kai i iakensi s ) as r+e1i- as the of f  shsre

summary group increased at SONGS relative to 'Control durf-;.g

the operat ional  per iod.  No other  species as a whole showed a

signif icant BACI change, and only one stage of one species

not mentioned above changed (this change was not detected by

the corroborat ive BACI test ) .  Power was too low to detect

d i f ferences of  5O% or  less in  four  of  the n ine species and one

of  the three sunmary groups.  There were 36 categor ies of  l i fe

3-12
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an inshore assemblage abundant during the preoperational

study period i (2) an inshore assemblage abundant during the

opera t i ona l  pe r iod ;  (3 )  a  c ross -she l f  assemb lage ;  and  (4 )  a

deeper  water  assemblage.  Groups that  were s imi lar  on the

basis  of  seasonal  occur tence fonhed wi th in  these

assemblages.  SONGS and Contro l  locat ions in termingled

wi th in  each of  the four  assemblages.

'  Regress ion analys is  revealed very few st rong corre lat ions

between mysid species and .thb physical and chemical

var iab les;  four  species showed re lat ionships ( three posi t ive

and one negative) with SONGS operations as defined by volume

of  cool ing water  pumped.  The posi t ive re la t ionships were

consistent with the increases in abundance at SONGS noted for

those species,  but  the negat ive re la t ionship was obta ined for

a l i fe stage that also increased during the operational

pe r iod .

3.2.2 Abundances of  Species and Groups

We used the BACI approach to investigate changes in abundance of

individual rnysid species and summary groups. The results of the BACI

tests  are g iv , . .n  in  Table 3-3 a long wi th  a l is t ing of  the tests  an.< i

t ransf  ormat ions 'used.  
A lso g iven are the resul ts  of  the

I"tANOVA/ANOVA/Bonferroni pattern analyses of the distr ibution based on

ranks of  abundance,  by l i fe  s tage,  through the cross-shel f .  Table 3-4

gives the number of  observat ions (sunreys)  inc luded in  the tests ,  the

percent change in abundance at SONGS and Control separately and at SONGS

relat ive to  ControI ,  and the mean densi t ies in  the two locat ions dur ing

each  pe r iod .
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3 .2 .2 .L  Power  o f  t he  Tes t s

F ive  o f  t he  9  spec ies  and  19  o f  t he  36  deve lopmen ta l  s tages  tes ted

had a greater  than 50% power to  detect  a  BACI change.  In  other  words,

they had more than a f i f ty-f i f ty chance of detecting a 5O7" change in the

abundance re lat ionship (De1ta)  between SONGS and Contro l .  Some of  the

l i f e  s tages  o f  t he  spec ies  w i th  l ow  power ,  mos t  no tab l y  the  i uven i l es

and immatures of  Acanthomysis  macropsis .  Metamysidopsis  e longata,  and

Mysidopsis  cathengelae,  showed very large (>90" / " )  percent  changes in

re la t i ve  abundance  ( see  Tab Ie  3 -4 ) .  S ince  Low power  i s  a  re f l ec t i on  o f

large var iab i l i ty  in  the data,  the BACI test  would requi re addi t ional

observat ions in  order  to  detect  s ign i f icant  d i f ferences.  Below,

resul ts  of  changes in  re la t ive abundance ( i .e . ,  BACI changes)  are

reported for only those species or stages with power greater than 597" or

when s ign i f icance occurred.  In  genera l ,  power was h igher  for  the more

abundant  species (Tables 3-3 and 3-4) .  As a resul t  the BACI tests  were

more sensit ive to changes in the abundance of the more abundant species

than to  changes in  the rarer  species.

3  . 2 .2 .2  I nsho re  Group

There was no evidence that changes in abundance noted for the

i-nshore species were related to operation of SONGS Units 2 and. lr.  Whe're

the pol rer  o f  the test  was re la t ive ly  h igh ( :  .70) '  the changes !n

re lat ive.  abundance tended to be low (e.g. ,  immature and adu1t ,  a l l  o f

Acanthomysis  dav is i i ,  and adul ts  and immatures of  the inshore grouP;

Tab1es  3 -3  and  3 -4 ) .  The  "a I1 "  ca tego ry  o f  Mys idops i s  ca thenge lae  was

the  excep t i on  to  th i s  ru le .  Desp i te  re la t i ve l y  h igh  Pov te r  (72 .6

percent) ,  the change in  re la t ive abundance was h igh because of  a  s ing le

data point  (28 August  L984;  Appendix  D,  F igure D-16) .  This  point
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compar isons.  In  the case of  Hglmesimysis

the data prevented the increase at

cos ta ta ,  h igh  va r iab i l i t y  i n

Contro l -Af ter  f rom being

s ign i f i can t .

The reproduct ive ind ices for  Mysidopsis  cathengelae,  which ranged

from 0.18 -  0 .28,  $ Iere re la t ive ly  h igh throughout  the s tudy,  but  not

s ign i f i can t l y  d i f f e ren t .  A  s ing le  ope ra t i ona l  da te ,  28  Augus t  1984 ,  was

an ext reme out l ier  and h igh ly  in f luent ia l .  I t  was deleted f rom the data

set  Pr ior  to  the analyses of  th is  species and of  the inshore sunmary

grouP.

3  . 2 .2 .3  C ross -  She l f  G roup

The cross-shel f  species,  as a group,  increased in  abundance f rom

the preoperat ional  to  the operat ional  per iod,  more so at  SONGS (L467")

than at  Contro l  (207")  (Table 3-4) .  The BACI t - test  (Table 3-3)  and the

corroborat ive Wi lcoxon rank sums test  (F igure D-66)  detected

signif icant differences between SONGS and Gontrol changes. Large

absolute and re la t ive increases in  the developmenta l  s tages of  th is

summary group a lso occurred at  SONGS (Table 3-4) .  Unusual ly  h igh

abundances of immatures and juveniles at SONGS and of adults at Control

occurred on one operat ional  date,  28 August  1984;  however ,  e l iminat ion

':.  , ' f  t t . : ,-s date j 'n' the test:.ng procedure was inippropriate because thc h:-gh

- abundances that occurred on 28 Augusu 1984 were'not unique for any of

the three species comprising the group. Sirni lar high abundances were

repor ted at  o ther  t i rnes dur ing the s tudy for  each of  those species.

The juveni les of  the cross-sheI f  species Metamysidopsis  e longata

and Acanthomysis  macropsis  were largely  rest r ic ted to  shal low water

(Sec t i on  3 .2 .3 .3 ) ,  and  compr i sed  mos t  o f  t he  j uven i l es  o f  t he  c ross -

shelf summary group. Thus the sunmary group juveniles are not really

3 -  18
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The resul ts  for  the cross-shel f  ind icate that  mysids found in  the

cross-shel f  SONGS area dur ing the operat ional  per iod were genera l ly

more abundant than would have been predicted from the Control area

popu la t i on .  The  s t ronges t  s ta t i s t i ca l  suppor t  f o r  t h i s  conc lus ion  i s

suppl ied by those tests  on U.  in t i i ,  by tests  for  the summary group,  and

by the reproduct ive index of  4 .  macropsis .

3  . 2  . 2  . 4  O f  f  sho re  Group

The of fshore species group and the of fshore speeies Neomysis

kadiakensis showed signif icant relative increases in abundance at SONGS

between the two test periods. The pitterns for the sunmary group and N.

kadiakensis  were s i rn i lar ,  largely  because N.  kadiakensis  const i tu ted

over  80% of  the of fshore group.

AlI of the l i fe stages of N. kadiakensis and of the summary group

decreased at the Control area between the preoperational and

oPerational periods. Juveniles of the species and of the sunmary group

also decreased,  a l though to a lesser .extent ,  a t  SONGS. The immatures

and adults, however, increased in abundance at SONGS between the two

per iods.  Of  the re la t ive increases of  N.  kadiakensis  at  SONGS, .on ly

the -adul ts  were s ign i f icant ,  but  when a l l  the s tages combined were

tested,  the increas 'e r . ras s ign i f icant ly  d i f ferent .

I t  would appear ,  then,  that  factors  near  SOI, IGS causdd a smal ler

decrease in the abundances of juveniles of N. kadiakensis and the

summary grouP at SONGS than at Control, and an increase in the abundance

of the immatures and adults in the populations at SONGS as opposed to

the decrease observed at  Contro l .

Changes in the abundances of N. kadiakensis juveniles were

di f ferent  a t  SONGS f rom those at  Contro l ,  a l though not  s ign i f icant ly

3-20
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15 m depth in terva l ,  a l though less so than in  the 5 to  12 m in tenra l .

Individual species within the inshore group did show signif icant

d i f ferences when the "SONGS Af ter"  d is t r ibut ions based on ranks were

compared wi th  the "Before and Contro l "  d is t r ibut ions.  Ranks in  the 5-8 n

zone were s ign i f icant ly  h igher  for  adul ts  of  Mysidopsis  cathengelae and

Holmesimysis  costata at  SONGS dur ing the operat ional  per iod than they

were p leoperat ional ly  or  a t  Contro l .  At  SONGS in the Af ter

(operat ional )  per iod the ranks of  the immature and juveni le  s tages of  M.

cathengelae increased in the 8-12 m zone while the highest rank

abundance remained in the 6-8 m zone.

These differences between patterns at SONGS in the operational

period and the preoperational and Control patterns are an indication

that the 6-8 m and 8-LZ m depth zones at SONGS in the operational period

were different from those depths at the preoperational and Control. The

pat tern sh i f ts  occurred between these two depth zones,  So that . the

inshore (6-15 m),  un i t  d id  not  appear  to  be d i f ferent  a t  SONGS in the

operat iond. l  per iod.

Juveni les of  the cross-shel f  group exhib i ted a very s t rong

onshore-of fshore gradient  o f  d is t r ibut ion at  SONGS and ControL

throughout the study, The highest ranks consistently occurred in the 5

.to 8 n interval. Adults a.:.ci immatures of the cross-sheIf Earoup shor. ied

s igni f icant  d i f ferences in  the i ' r  d is t r ibut ions betweei i ' the SOi fFS

operat ional  and the Contro l  and SONGS Before locat ion-per iod

combination. The rank abundance of immatures in the 5-8 n zone decreased

at SONGS during the operational period. The adults broadened the range

in which their abundance was highest, from the 12-23 ur interrral in the

"Before and Control" obserrrations to the 8-23 m interval in the "SONGS

After"  obse:r rat ions.  No ind iv idual  species exhib i ted these s ign i f icant

sh i f t s  i n  d i s t r i bu t i on .
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3 .2 .3 .3  C lus te r  Ana l yses

Studies in  the SONGS area have ident i f ied d is t inct ive communi t ies

del imi te i f  Ur  t t r3  15 n depth for  ichthyoplankton (Barner t  e t  a l . ,  1984) ,

zoop lank ton  (Ba rne t t  and . . Jahn ,  1987) ,  and  ben thos  (Ba rne t t  e t  a l . ,

1983 )  commun i t i es .  Be rns te in  and  G leye  (1981) ,  us ing  c lus te i  ana lyses ,

reported that the nearshore preoperational mysid community at San

Onofre was divided into an inshore group (occurring in water < 15 m

deep) ,  an of fshore group (> 15 m),  and a cross-shel f  group (spanning the

15 m depth) .  In  ne i ther  the benth ic  nor  mysid s tudy d id c luster

analys is  d is t inguish between SONGS and Contro l .

Since communit ies of species are often mo.re sensit ive than

indiv idual  species to  env i ronmenta l  changes (Boesch Lg77) ,  we subjected

the mysid community abundance data to hierarchical cLuster analysis.

This hlas done to determine if  the mysid comrnunity at SONGS in the

operational period was separated from the Control community and from

the preoperational community.

. Using the operational data combined with the preoperational data,

the c luster  analys is  detected no assemblage d is t inct ive of  SONGS in the

Af ter  per iod.  However ,  the analys is  d id  form four  onshore-of fshore

nysid assemblages (F igure 3-19) .  There were two inshore assemblaB€s,

one characterist ic of the preoperational period and one characterist ic

of the operational period. The preoperational and operational inshore

assemblages were different because Neomysis rayi i  and Acanthomysis

davisi i  virtual ly disappeared during the interim period, and

Holmesimysis  costata decreased markedly  in  abundance (Table 3-4) .

These species were replaced in  the operat ional  per iod by Mysidopsis

cathengelae,  which increased four fo ld  f rom i ts  preoperat ional

abundance,  and by juveni les of  two cross-shel f  species,  Metamysidopsis
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3 .2 .4  Re la t i onsh ips  Be tween  Mys ids  and  The i r  Food ,  Hab i ta t ,  Po ten t i a l

Predators,  and SONGS

Mul t ip le  regress ion was used to examine the re la t ionship between the

abundance of  mysid l i fe  s tages and a su i te  of  phys ica l  and chemical

(P lC)  va r iab les ,  p reda t i on  by  f i sh ,  and  SONGS opera t i ons .  Tab le  3 -7

summar izes the resul ts  of  the mul t ip le  regress ions;  i t  may be helpfu l  to

rev iew  Sec t i on  2 .4 .9 ,  wh ich  desc r ibes  the  ra t i ona le  fo r  i n te rp re t i ng

the regress ions.  I t  is  impor tant  to  note that  the regress ion analyses

are not  BACI- type analyses,  because there hrere no P/C data f rom the

Contro l  locat ion - -  the regress ions themselves refer  on ly  to  the SONGS

locat ion,  a l though in terpretat ions may extend to  the Contro l  area.

AJ. I  24 of  the s tages (3 s tages for  each of  8  species)  were examined

for  the i r  re la t ionships wi th  the P/C var iab les.  Seventeen categor ies,

inc lud ing a l l  l i fe  s tages of  5  species (Acanthomysis  dav is i i ,

Holmesimysis  costata,  Mysidopsis  cathengelae,  Mysidopsis  in t i i ,  and

Neomysis  ray i i ) ,  as wel l -as adul t  Acanthomvsis  macropsis  and juveni le

Neomysis  kadiakensis ,  showed very s imi lar  pat terns of  large seale

changes in abundance at SONGS and Control (Table 3-4). These were

therefore not  examined for  predator- re la ted and SONGS-re lated changes,

s ince there was no way to  detect  such ef fects ,  unconfounded by Contro l

changes. The re:naining seven cai:egories Metamysidopsis elongata,

imnature and '  ju'venile A. macropsis, and adult and ir irmature I.

kadiakensis showed different patterns of change at SONGS and Control,

and were examined for  poss ib le  ef fects  of  SONGS or  f ish.

Nine of the 24 categories showed no signif icant relation to any of

the variables that we examined. The other 15 categories were

s igni f icant ly  re la ted to  var ious P/C var iab les,  but  those re la t ionships

l tere genera l ly  not  s t rong.  Of  those that  were s ign i f icant ,  on ly  5 had
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Adul t  Mvsidopsis  cathengelae were weakly  ( r t= .23)  corre lated wi th

gra in s ize,  but  the other  l i fe  s tages brere unre lated to  any p/c

var iab le.  There is  no ind icat ion in  these data of  the reason for  the

large increase in  abundance at  both locat ions.

3  . 2 .4 .2  C ross -She l f  Spec ies

Acanthomysis macropsis immatures and juveniles increased

substantial ly in absolute and relative abundance at SONGS and Control

between the Before and Af ter  per iods,  whereas adul ts  increased only  in

absolute abundance.  Adul t 'A.  macropsis  were corre lated wi th  organic

carbon concentrat ions,  but  the re la t ionship was too weak ( r t= .23)  to  be

considered imPortant. The add.it ion of pumping volume did not improve

the corre lat ion,  so we conclude that  adul t  A.  macropsis  r {ere unaf fected

by SONGS operation. The immatures and juveniles were unrelated to any

Plc variable or to f ish. when pumping volume was added, however,

s ign i f icant  corre lat ions of  .36 and .38 were obta ined, .  These

substantial improvements in the relationship indicate a clear effect of

SONGS on the immatures and juveniles. The relationships with pumping

volume t {ere posi t ive,  suggest ing that  A.  macropsis ,  which is

d i s t r i bu ted  th roughou t  t he  c ross -she l f  (Sec t i on  3 .2 .3 ) ,  bene f i t ed  f rom

the operat i -on of  SONGS, poss ib ly ,as a resul t  o f , .  increased focC.

Mysidopsis elorrgata increased as much as six-foLd at SOlriGS between

the two moni tor ing per iods.  Adul ts  and juveni les increased at  Contro l ,

but immatures decreased. Both adults and immatures were found

throughout the cross-she1f, but juveniles were only found shoreward of

the 23 m isobath.  Adul ts  and immatures showed very weak ( r t  .  .27)

re lat ionships wi th  P/C var iab les,  and we concluded that  they responded

to factors other than those we measured. The addit ion of f ish improved
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were negat ive ly  corre lated wi th  temperature,  ind icat ing an associat ion

wi th co lder  water ,  and less s t rongly  wi th  severa l  o ther  factors.

Nei ther  f ish abundance nor  pumping vo lume were s ign i f icant ly  corre lated

wi th the abundance of  adul ts ,  ind icat ing that  those factors had no

inf luence on adul ts .  In  the case of  immatures,  however ,  the regress ions

showed that the addit ion of pumping volume improved the correlation

markedly, yielding a negative relation between pumping volume and

abundance.  This  suggests a negat ive ef fect  o f  SONGS. Since the species

was concentrated wel l  o f fshore of  the in take,  a  negat ive in f luence of

SONGS might  be due to  ent ra inment  ef fects .

3  . 2 .4 .4  Summary

The regress ions revealed s t rong corre lat ions ( r t t .5)  wi th  P/C

var iab les only  for  a l l  l i fe  s tages of  Acanthomysis  dav is i i ,  for

juveni les of  Metamysidopsis  e longata,  and juveni les of  Neomysis  ray i i .

Nei ther  P/C var iab les nor  f ish appeared to  be re la ted to  the abundances

of  any other  species or  l i fe  s tage.  The analyses a lso suggested that

SONGS-re lated act iv i ty  exer ted negat ive ef fects  on immature Neomysis

kadiakensis and posit ive effects on immature and juvenile Acanthomysis

macr .ops is  ernd juveni le  Mysidopsis  e longata.  The posi t ive ef fects  were

cons i s ten t  w i th  the  pa t te r r r s  o f  changes  i n  abundance  (Sec t i on l :4 .2 . ' / ' ) ,

but the negative relationship was contiary to the observed change i ir

abundance of irnmature Neomysis kadiakensis.

3 .2 .5  Summary  o f  t he  Mys id  Resu l t s

We conclude that no major changes in abundance attr ibutable to

SONGS operat ions occurred in  any species rest r ic ted to  depths shal lower

than 15 m. Therefore, the effects, i f  ariy, of intake withdrawal and
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abundance of these organisms. In those cases in which we were able to

detect changes, changes either occurred at both Control and SONGS

(onshore-of fshore d is t r ibut ions,  communi ty  s t ructure,  c luster)  or  the

changes suggested enhanced condi t ions for  mysids (BACI '  regress ions)  in

the v ic in i ty  o f  SONGS dur ing the operat ional  per iod.

3 .3  So f t  Bo t tom Ben thos

3 .3 .1  Synops i s

MEC's pr imary goals  in  th is  f ina l  anaLysis  of  the sof t -bot tom

benthos were:

1) to determine whether the operation of SONGS had altered the

st ructure of  the benth ic  communi fy- - th is  was the c luster

analysis, which was supported by mult idimensional scaling

analys is  and spat ia l / tempora l  p lo t t ing of  the c luster

resu l t s ;

2) to examine in detai l  any changes in the structure of the

community that were reveialed by the cluster analysis, on the

scales that  the c luster  analys is  ident i f ied as being

important, and to help us to interpret those changes--this

-  was the assessment  of  t rophic  s t ructure;

3) to detennine whettrer theri were signif icant changes in

numbers of benthic organisms near SONGS relative to numbers

at  a  Contro l  locat ion between the Before and Af ter  per iods--

this was the BACI analysis. The variables chosen for testing

trere summary measures of the community (number of species,

total abundance, biomass), and the abundances of species and

taxonomic and trophic-moti l i ty (TM) grouPs (groups of

species that resemble one another in mode and site of feeding

and  locomot ion ) .
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broadly  s imi lar  way and in  t_he same p lace were expected to  respond to

per turbat ions in  a genera l ly  s imi lar  fashion.  Selected taxonomic

subse t s  ( e . . g . ,  c rus taceans ,  po rychae tes ;  see  sec t i on  2 .4 .L )  o f  some  o f

the broader- -based TM groups were a lso analyzed because the responses to

per turbat ions were expected to  be more s imi lar  wi th in  a subset  than

between subsets of  a  TM group.  At  the f inest  level  o f  taxonomic

resolut ion '  severa l  o f  the most  abundant  ind iv idual  taxa (usual ly

species)  a t  eachdepth,  as wel l  as others that  had h igh BACI power (see

Sec t i on  2 .4 .L  f o r  se lec t i on  c r i t e r i a ) ,  we re  ana l yzedw i t hBACI  t es t s  t o

determine whether the results for these individual TM group components

would prov ide ins ight  in to the resur ts  for  the overa l l  group.

MEC ant ic ipated that  an ef fect  o f  SONGS on the s t ructure of  the

benthic community would be revealed in any or aII of the fol lowing ways:

'  a  longshore d i f ference,  concentrated near  SONGS, in  c luster

grouPs of  s tat ions in  the operat ional  per iod that  was not

present  in  the preoperat ional  per iod;

'  a  consis tent  d i f ference between the mul t id imensional  scal ing

scores of  the SONGS stat ions and those of  the Contro l

stations in the operational period, which would be apparent

.  as d i f ferent  pat terns on the ord inat ion axes;

G a difference in the relative a.bundance and degree c.f

domirrance among the TM groups at the stations nearer SONGS as

opposed to the s tat ions far ther  downcoast  that  was.  not

present  in  the preoperat ional  per iod.

MEC ant ic ipated that  the resul ts  of  BACI and pat tern analyses of

abundance would fa l1  in to one of  three categor ies:

'  Ca tego ry  1 - - those  resu l t s  t ha t  f a i l ed  to  show an  e f fec t ,

i . e . ,  t he re  was  no  s ta t i s t i ca l l y  s ign i f i can t  change  in
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sediment  gra in-s ize as a resul t  o f  increased runof f ,  decreased

phytoplankton and benth ic  a lga l  product iv i ty  as a resul t  o f  a l tered

ci rcu lat ion and reduced water  t ransparency,  and migrat ions of  predators

into or out of the area in response to natural changes. The changes in

abundance associated with these mechanisms would have occurred during

the Before and in ter im per iods,  when the severe s torms,  El  Nino,  and

SONGS Uni ts  2 arrd 3 construct ion took p lace.

AII of the changes that were detected, and which are presented in

the fol lowing sections r were evaluated in tenns of the natural and

SONGS-induced mechanisms that could have produced them.

The  resu l t s  o f  MEC 's  ana lyses  were :

Cluster  analys is  and mul t id i rnensional  scal ing analys is  of

species abundance and trophic-moti l i ty groups showed that

the primary trend in the data was a coastwide difference

between the preoperational and operational periods, probably

resul t ing f rom the per turb ing ef fects  of  the severe c l imat ic

condi t ions of  L979 to 1983.  The species groups at  both depths

changed over the course of the study from assemblages

character is t ic  o f  re la t ive ly  la te successional  s tages to

assemblages ind icat ive of  ear l ier  successional  s tages.  The

cl.uster analysis of. the i8 m data dj-d iclgnti. fy mi. ' : , ' :  r

subgroups of  SONGS-area Af ter  s tat ior rs  as o is t inct  t tom

Before s tat ions and Contro l  s ta t ions.  Mul t id imensional

scaling analysis showed the maximum dissimilari ty between

samples to occur along an axis corresponding to t ime, clearly

separating the Before and After periods, and did not reveal a

d i f ference based upon locat ion.
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SONCS area,  both re la t ive decreases;  the remain ing changes

may have been associated r . l i th  SONGS, but  were not  conclus ive.

At  18 m,  31 of  the 61 categor ies tested showed s ign i f icant

g iCf  and/or  pat tern analys is  resul ts  that  could be

interpreted as SONCS ef fects .  Twenty-e ight  o f  those changes

were re la t ive increases,  e ight  o f  which were c lear ly

associated wi th  the SONGS area.  Of  those e ight ,  f ive involved

the mot i le  subsur face deposi t - feeding TM group and i ts

component  po lychaetes.  In  addi t ion,  nematodes and sur face-

dwell ing carnivore/omnivore crustaceans decreased downcoast

but not at SONGS, and the total number of species increased

near  SONGS.

Inspect ion of  the P/C data ind icated that  there were large-

scale temporal changes, and sourewhat less pronounced spatial

changes, in certainmeasures of organic enrichment, sediment

type, and the physical regime. These patterns suggested that

the changes in the biota were l inked to changes in the PIC

var iab les.  Fur thermore,  some of  the var iab les,  par t icu lar ly

sediment chlorophyll  and percent si l t  and clay at 18 m,

nacrodetri tus at 8 mr and sediment organic carbon at both

clepths , tended to. 'change a.t stations Fe€€lr€f SOIIGS in the

oPerat ional  per iod^,  and eouLd,  t t rerefore,  act  as mechanisms

by which SONGS vras affecting the biota. However, rnult iple

regression analyses of the abundance of the taxa and groups

that showed BACI changes, of other abundant taxa, and of the

variat ions along ordination axes of the mult idimensional

scal ing analys is  of  species and TM groups,  d id  not  reveal  any

st rong re la t ionships ( r2>0.5)  wi th  the measures of  the
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The c luster  analys is  was suppor ted by mul t id imensional  scal ing (Sect ion

3 .3 .2 .2 )  and  by  p lo t s  o f  l ongshore  and  tempora l  t r ends  o f  c lus te r  g roups

(Sec t i on  3 .3 .2 .3 ) .

The re iu l ts  o f  the c luster  analys is  are summat j -zed.  in  F igures 3-20

through 3-23.  The l is ts  of  the species and TM groups character is t ic  o f

the s tat ion groups ident i f ied by the c luster  analys is  are presented in

Tables 3-8 through 3-11.  The complete t r . ro-way tab les and l is t ings of

the species and TM groups in  each stat ion group are presented in

Appendix  C.2.  The taxonomic and t rophic-mot i l i ty  a f f i l ia t ions of  the

species d iscussed in  th is  sect ion are presented in  Table 2-2 and Sect ion

2 .4 .L .  Tab les  3 -8  and  3 -10  a l so  i nc l ude  t he  c l ass i f i ca t i on  o f  t he

spec ies  as  rap id ,  ea r l y ,  de layed r  o f ,  l a te  co lon i ze rs .  The

class i f icat ions are based on whether  a species has been repor ted to

occupy an area wi th in  10 days,  30 days,  30-90 days,  or  more than 90 days

(usual ly  a  year  or  more)  af ter  a  d is turbance,  respect ive ly .  In  cases

where repor ts  of  co lon izat ion were lack ing for  a  species found at  San

Onofre,  but  were avai lab le for  a  congener ic  species,  the co lonizat ion

informat ion was noted in  Tables 3-8 and 3-10 wi th  a t tz t t .  Colonizat ion

informat ion for  nemerteans,  which of ten are not  ident i f ied to  species

in the l i terature,  was a lso noted in  the tab les wi th  a "?" .

i l 'he speci-es .asserablages e.ha:' :4ctex::-zi,ng t l ie statiorr. gl:oups aLe

discussed in  ternrs of  the i r  successional  s tages oa ihe Lasis  of

in format ion on co lonizat ion gathered f rom the l i terature.  Succession

refers to  the sequent ia l  changes in  species composi t ion fo l lowing a

pe r tu rba t i on  (Conne l1  and  S la tye r ,  L977  I  G lasse r ,  1982) .  Fauna l

recovery information was derived from sources that dealt with

succession fo l lowing a var ie ty  of  d is turbances,  inc lud ing anoxic

condi t ions,  dredging,  and pol lu t ion abatement  (Dauer  and Simon,  L9761,
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Predominan t l y  nea r f i e ld  (700  and  1100  m)  o r  downcoas t  (3350-9400  m) ,

s tat ions.  However ,  the fact  that  the c luster  d is tance between those

subgroups and adjacent  subgroups conEain ing a l l  s ta t ions was minor

re lat ive to  the temporal  changes ind icates that  the d is turbance between

the Before and Af ter  per iods was coastwide.

C lus te r  ana lys i s  o f  t he  TM g roups  a t  8  m (F igu re  3 -2L ,  Tab le  3 -9 )

d is t inguished 3 major  s tat ion groups and three major  c lusters of  TM

grouPs.  Stat ion Group I  consis ted largely  of  the Before and In ter im

stat ions,  a l though a subgroup conta ined 23 Af ter  s tat ions drawn evenly

f rom al l  s ix  sampl ing locat ions.  SEat ion Croups 2 and 3 consis ted

largely  of  operat ional  s tat ions.  In  genera l ,  the longshore locat ions

were not clearly discriminated. There were only subtle changes in the

high-ranking TM groups character is t ic  o f  Stat ion Groups I  and 2.

Therefore,  the c luster  analys is  of  the TM groups was not  e f fect ive in

d is t inguish ing sh i f ts  in  the t rophic-mot i l i ty  s t ructure of  the 8 m

communi ty .  This  was because of  the great  var iab i l i ty  wi th in  the s tat ion

groups (see the two-way tab le in  Appendix  C.2) .  (However ,  in  the

ana lys i s  o f  t r oph ic  s t ruc tu re  p resenEed  in  Sec t i on  3 .3 .3 ,  wh ich  used

only the mean abundances of the preoperational and operational periods,

we were able to  detect  sh i f ts  in  dominance among the TM groups) .

In  summary, ' the c luster  analys is  of  the 8 m data d is t inguj .shecl .  a

coastwide difference indicative of disturbance between the Before ar' ' .d

Af ter  per iods.  I t  d id  not  d is t inguish the s tat ions near  SONCS in the

operat ional  per iod as being markedly  d is t inet  f rom the other  locat ions

on the basis  of  species composi t ion or  composi t ion by TM groups.  Thus,

the c luster  analys is  prov ided no c lear  ev idence of  an ef fect  o f  SONGS on

the composi t ion of  the benth ic  communi ty  at  8  m.
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22;  Appendix  c .2-3)  suggests that  the three s tat ion groups were not

markedly  d i f ferent  in  tenns of  the i r  pat terns of  species composi t ion

and abundance.  The Af ter  s tat ion groups,  par t icu lar ly  Stat ion Groups I

and '  2 ,  shared many of  the character is t ics  of  Before Stat ion Groups 4 and

5.  The h igh-ranking species character is t ic  o f  the Af ter  per iod,  as wel l

as  the i r  t r oph ic -mo t i l i t y  a f f i l i a t i ons ,  were  s im i l a r  t o  t hose  o f  t he

Be fo re  pe r iod  (Tab le  3 -10 ) .  However ,  t he  Be fo re  s ta t i on  g roups  were

considered representat ive of  la ter  successional  s tages than the Af ter

s tat ion grouPs even though in  some cases the d is t inct ion was fa i r ly

smal1.  The co loniz ing in format ion in  Table 3-10 descr ibes th is

d i f f e rence .  Mos t  o f  t he  s lower  co lon i z ing  ( Ia te ,  de layed - la te ,

delayed)  species were considered la te co lonizers in  the Before per iod,

whereas delayed/ la te co lonizers were at  least  as numerous as la te

colonizers in  the Af ter  per iod.

Subgroups within Station Group 1 seemed to be dist inguished, on the

basis  of  both seasonal  occurrence and locat ion.  One of  the three

subgroups conta ined winter-spr ing samples f rom 1985 and 1986,  and

another contained primari ly summer samples. The third contained two

smal ler  subgroups,  one predominant ly  f rom the 700 and 1100 m stat ions,

the 'other frocn the downcoast stations I however, the cluster distance

.senaratir, ; ' :  lhese..:,ngl i .er surhgrotrps wrls .much. srrra-' l- ieg t.F-an th.e ct istance

separat ing s tat ion groups (F igure 3-22 ' ) .  Stat ion Group 1 d i f fered f rom

the Before s tat ion groups,  and f rom Stat ion Groups 2 and 3,  in  hav ing a

s imi lar  number of  la te and delayed/ la te co lonizers as rapid and/or

ear ly  co lonizers.  Thus,  Stat ion Group 1 may be considered

representat ive of  an ear l ier  successional  s tage.

Stat ion Group 2 a lso inc luded pr imar i ly  Af ter  s tat ions;  one of  i ts

two  ma jo r  subg rouPs  cons i s ted  mos t l y  o f  upcoas t  s ta t i ons ,  w i th  2L  o f  29
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re la t ive to  Af ter  Group 2 and the Before s tat ion groups.  Wi th the

except ion of  the fact  that  Stat ion Group 3 conta ined fewer h igh-ranking

species,  the basis  of  the separat ion between Stat ion Groups I  and 3 was

no t  c l ea r .

Resu l t s  o f  t he  c lus te r  ana lys i s  o f  spec ies  a t  18  m sugges t  some

disturbance of the benthic community between the Before and After

per iods.  This  was most  ev ident  when one compared the Before Stat ion

Groups 4 and 5 wi th  the re la t ive ly  ear l ier  successional  s tages of  Af ter

Stat ion Groups I  and 3.  Because many of  the species,  t rophic-mot i l i ty

af f i l ia t ions,  and number of  re la t ive ly  la te and re la t ive ly  ear ly

colonizers were not  markedly  d i f ferent  between the Af ter  (par t icu lar ly

Stat ion Group 2)  and Before s tat ion groups,  the d is turbance appeared to

have resul ted in  only  a re la t ive ly  smal l  e f fect  on the benth ic

cornmunity.

The upcoast-downcoast dist inction among the two subgroups of

Stat ion Group 2,  a long wi th  the smal l  upcoast  subgroup of  Stat ion Group

1,  const i tu te the c learest  ev idence of  a  SONGS ef fect  that  the c luster

analys is  produced.  As noted above,  however ,  the d is t inct ions between

groups in the After period, and between subgroups within groups, were

not strong, so that the SOI.IGS ef fect was not marked

C lus te r  ana lys i s  o f  t he ' IM  g roups  a t  ! -8  m (F igu re  3 '23 , 'Tab . te  3  i . 1 . ;

d id  not  d is t inguish the preoperat ior ra l  and opsra: ionar  'per ioc is  as

c lea r l y  as  d id  the  spec ies  c lus te r  ana lys i s .  A  to ta l  o f  s i x  s ta t i on

groups emerged from the analysis. The preoperational samples were

c lustered in to Stat ion Groups 3 and 6.  Most  o f  the in ter im and

operat ional  samples were ass igned to Stat ion Groups 4 and 5;  Stat ion

Groups 1 and 2 were both re la t ive ly  snal l  groups of  operat ional -per iod

samples.  SONGS-area samples formed subgroups of  Stat ion Groups 4 and 5.
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de te rm ine  the  sou rce  o f  t he  b io log i ca l  va r i ab i r i t y  (e .g . ,  t ime ,

loca t i on ,  sed imen t  t ype ) .  We  app l i ed  mu l t i d imens iona l  sca l i ng  ana lys i s

to the species and TM group data at  8  m and 18 m,  separate ly ,  and then

reg ressed  the  ax i s  sco res  on  the  P /c  da ta  to  i nves t i ga te  sou rces  o f

b io log i ca l  va r i ab i l i t y .

In  th is  s tudy,  i t  took ten axes to  account  for  80% of  the

bio log ica l  var iab i l i ty .  The f i rs t  two axes of  the I  m and 18 rn species

and TM group data accounted for  25 to  30 percent  o f  the var iab i l i ty  in

the  b io log i ca l  da ta .  Thus ,  i n  t he  d i scuss ion  tha t  f o l l ows ,  use  o f  more

than the f irst two axes did not increase our understanding. It  is

necessary to keep in rnind that the patterns expressed in ordination

sPace represent  on ly  a f ract ion of  the var ia t ion that  actual ly  occurred

in the benthic community.

On the plots of the ordination spaces defined by Axes 1 and 2

(Figures 3-24 to  3-27)  the preoperat ional ,  in ter im,  and operat ional

samples are descr ibed by d i f ferent  symbols,  and the s tat ions in  each

monitoring period are encircled by a l ine. The f igures show that the

PreoPerat ional  and operat ional  groups of  s tat ions def ined by species

occurrences and relative abundances (Figures 3 -24 and 3-ZS) are clearly

seParated in  ord inat i .on 'space at  both 8 m and 18 m.  In  every case the

.oDerational period gtations l ie to the --Left of t-he -p:;eoperat ' ior.ai

per iod s tat ions,  and the in ter im per i -od s tat ions l ie  between.  Tnis

means that the principal separation is along Axis 1. The two groups

ove r lap  on l y  once  (8  rn  dep th ,  1900  m s ta t i on ) . .

In the case of the stations defined by TM groups (Figures 3-26 and

3-27  ) ,  t he  pa t te rn  i s  d i f f e ren t ,  and  l ess  d i sE inc t .  A l t houghmos t  o f  t he

grouPs over lap to  some extent ,  the operat ional  per iod s tat ions c lear ly

l ie  be low and,  in  the case of  8  m,  to  the r ight ,  o f  the preoperat ional
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reg ress j -ons  fa i l ed  to  revea l  s t rong  co r re la t i ons  ( r t  t  0 .50 )  w i . t h  any

combinat ion of  PIC var iab les.  This  ind icates that  changes in  P/C

var iab les could not  account  for  the separat ion of  the data a long the

coord ina te  axes .

The c lear  separat ion of  the preoperat ional  and operat ional  s tat ion

grouPs in  a1I  o f  the ord inat ion p lots ,  and the weak corre lat ions wi th

P/C var iab les,  make i t  apparent  that  the major  in f luence was t ime.  The

species composi t ion and TM group composi t ion of  the benth ic  communi ty

changed over  t ime,  and i t  changed in  a s imi larway at  a l l  s ta t ions.  In

the case of  species composi t ion,  the gradient  o f  t ime j -s  c lear ly

represented by Axis  1,  which accounts for  more of  the var ia t ion in  the

data (L57" at 8 m, L8% at 18 m) than do any of the other axes. In the case

of  the TM groups at  18 m the gradient  o f  t ime is  expressed a long Axis  2

(11%),  but  a t  I  m t ime is  expressed a long both axes.  The st rong

separation between the preoperational and operational periods

corresponds c losely  to  the t iming of  the L982-1984 Cal i forn ia E1 Nino.

This correspondence suggests that the community structure was

.fundamental ly altered, coastwide, by the hydrographic and cl imatic

changes associated wi th  the EI  Nino event .

3. :  ?-. 3 i .  arrgshore and Tenpcral Patterns

Longshore d i f ferences in  the species composi t ion of  the benth ic

community was examined by plott ing the cluster group to which each

stat ion was ass igned,  survey by su: :vey.  This  Eechnique prov ides a

readily interpretable guide to how the community varied longshore

dur ing the course of  th is  s tudy.  Substant ia l  d i f ferences should

mani fes i  themselves as longshore d i f ferences in  the s tat ion groups.

Tables 3-LZ and 3-13 show that  dur ing the preoperat ional  per iod there
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three ( juveni le  Rhepoxynius,  Diasty lops is  tenuis ,  Synchel id ium

shoemaker i )  were s t i l l  h igh ly  ranked at  the end of  the s tudy (s tat ion

Groups  2  and  3 ,_Tab1es  3 -8  and  3 - I2 ) .  Th i s  sh i f t  began  in  ea r l y  19g3 ,

before SONGS Uni ts  2 and.  3  became fu l1y operat ional .  I t  was in  a l l

l ike l ihood the resul t  o f  the s tormy condi t ions associate i  wi th  the

L982-1984 Cal i forn ia El  Nino.  Some recovery of  the benth ic  communi ty

f rom the El  Nino d is turbance was apparent  by n id- I9g5,  wi th  the

aPPearance of Station Group 4. The recovery process was interrupted,

however, during the fal l-winter period later that year, and by the end

of the study the community had not recovered to as mature a successional

s tate as in  the Before per iod.  SONGS operat ion,  which began in  1984,

did not aPPear to inf luence these patterns of disturbance and recovery.

Al l  o f  the samples co l lected at  18 m through 1982 were ass igned to

stat ion Groups 4 and 5 (TabIe 3-13) ;  which conta ined species

assemblages character is t ic  o f  re la t ive ly  la te successional  s tages

(Tab le  3 -10 ;  Sec t i on  3 .3 .2 .1 ) .  The re  were  no  l ongshore  d , i f f e rences  i n

the station groups during this period. In early 198'3 there was a

coastwide sh i f t  f rom Stat ion Group 4 to  Stat ion Group 3.  Stat ion Group 3

pers is ted unt i l  mid-1984,  when Stat ion Group 1 appeared.  This  pat tern

ind icated a t rend toward less s table condi t ions,  s ince Stat ion Groups l

and 3 rePresent  ear l ier  successional  s tages than do Stat ion Groups 4 and

5  (Tab le  3 -10 ;  Sec r i on  3 .3 .2 .1 ) .

Stat ion Group I  pers is ted gnt i l  ear ly  1986,  when i t  was replaced

coastwide by Stat ion Group 2.  Stat ion Group 2 represents a la ter

successional  s tage than do Stat ion Groups 1 and 3 (Table 3-10;  Sect ion

3 .3 .2 .1 ) ,  sugges t i ng  tha t  a  p rocess  o f  recove ry  f rom the  1983

d is tu rbance  was  occu r r i ng .  As  no ted  i n  Sec t i on  3 .3 .2 .L ,  t he re  was  a

longshore d i f ference in  species composi t ion wi th in  Stat ion Group 2,
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than between locat ions.  Therefore,  MEC examined changes in  the t rophic

structure of the benthic community by comparing mean abundances between

the twoper iods.  Our  object ive was to  s tudy the changes in  deta i l  so as

to gain some in terpret ive. . ins ight  in to the i r  ecologica l  s ign i f icance.

Mean abundances were used to ca lcu late the percenc composi t io t ,  which

is  a measure of  dominance,  of  each stat ion by t rophic-mot i l i ty

categor ies.  Suppor t ing tab les conta in ing complete l is t ings of  the

abundance,  number of  species,  and percent  contr ibut ion of  the t rophic-

mo t i l i t y  g roups  a re  p resen ted  i n  Append ix  Tab les  C .2 -9  to  C .2 -L2 .

Init ial ly, the infaunal community off San Onofre was numerical ly

dominated by subsur face deposi t - feeding polychaetes and by

suspension/deposi t - feeders (po lychaetes,  amphipods,  and te l l in id

b iva lves) .  Subdominants inc luded omnivore/deposi t - feeding and

depos i t - f eed ing  pe raca r id  and  os t racod  c rus taceans  (Tab les  2 -2 ,  3 -14 ,

and 3-15) .  The abundant  taxa were typ ica l  o f  ndarshore sand bot tom

assemblages of f  Southern Cal i forn ia (Barnard 1963;  Van Blar icom, 1982) .

Although the dominant TM groups persisted throughout the study period'

the percent contribution of most shifted between preoperational and

operat ional  per iods.

The trophic structure of the benthic community at 8 m, as indicated

by the abundance and percent contribution of the trophic-moti l i ty

groups (Tab1e 3-14) ,  showed that  dur ing the Before per iod the three

stations nearest SONGS lrere more similar to each other than to any of

the downcoast stations, and the three downcoast stations were more

s imi lar  to  each other  than to  any of  the upcoast  s tat ions.  S i tes wi th in

3350 m of  SONGS l rere dominated (46-527")  by suspension/deposi t - feeding

discrete ly  mot i le  organisms (most ly  po lychaetes) ,  but  a t  the Contro l

s i tes th is  TM group was less impor tant  (21-36" / " )  and the sur face deposi t -
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(Con t ro I )  s i t es  were  s i rn i l a r  t o  each  o the r .  A t  t he  s i t es  w i th in  3200  m.

mot i l e  subsu r face  depos i t - f eeders  ( cap i te l l i d  and  pa raon id

polychaetes)  accounted tor  29-377"  of  the ind iv iduals ,  and d iscrete ly

mot i le  suspension/deposi t - feeders represented L4-Lg7"  of  the

indiv iduals .  At  the Contro l  s i tes,  however ,  the two TM groups were 'co-

dominant, each accounting for about 227" of. the individuals.

Shifts in the abundance and percent contributions of the component

TM groups occurred unequally along the di.stance gradient between the

Before and Af ter  per iods (Table 3-15) .  The abundance of  the subsur face

depos i t - f eed ing  mo t i l e  g roup  (mos t l y  po l ychae tes )  i nc reased  a t  t he  700

and 1100 m stat ions but  decreased at  a l l  o ther  s i tes.  The inc:q-ase was

very large at  the 700 m s i te ,  which ra ised the percent  contr ibut ion f rom

30% in the Before per iod to  39" / "  in  the Af ter  per iod,  but  a t  1100 m the

percent  contr ibut ion decreased somewhat  because of  increases in  the

abundance of other TM groups. The absolute and relative abundance of

d iscrete ly  mot i le  omnivore/deposi t - feeders (most ly  crustaceans)

remained near ly  constant  a t  700 and 1100 m, but  increased at  a l l  o ther

s i tes.  On the other  hand,  the d iscrete ly  mot i le  carn ivore/omnivore

grouP remained nearly constant at the 700 and 1100 m sites but decreased

at  a l l  o ther  s i tes.  In  genera l ,  abundance became more evenly

d.istr" i .bqted among th.e TM groups at 18 m r.r i th increasing distance from

SONGS during th'e After period. The fact that the trophic structure

changed from one of clear dominance by one or two TM groups in the Before

period to one of a more even distr ibution of abundance among two or more

TM groups in the After period at al l  sites except 700 rn, where one TM

group became dominant ,  suggests ef fects  local ized near  SONGS. These

changes were not  ev ident  in  the c luster  analys is  of  TM groups.
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feeders) ,  o f  which Tauber ia  is  a  pr inc ipa l  component ,  y ie lded a

co r re la t i on  o f  0 .  19 .  Ana lyz ing  Tauber ia  a lone  y ie lded  a  co r re la t i on  o f

0.22 '  ind icat ing that  some of  the other  members of  the subset  det racteo

from the re la t ionship.  The analyses of  communi ty  pat terns and st ructure

revealed considerable changes in the abundance of species ani TM groups

between the Before and Af ter  per iods as wel l  as longshore var ia t ions in

changes in  the composi t ion of  species groups.  S imi lar ly ,  the P/C data

revealed changes between the monitoring periods and in the longshore

(Sec t i on  3 .1 ) .  The re fo re ,  t he  poo r  co re la t i ons  be tween  b io log i caL  and

P/C var iab les were unexpected.

In  genera l ,  these poor  corre lat ions c lear ly  show that  changes in

the P/C regime could account  for  on ly  a smal l  por t ion of  the b io log ica l

c-hanges that occurred during the study. The result of low correlations

is  ident ica l  to  the regress ions of  P/C var iab les against  the ord inat ion

axes  (Sec t i on  3  . 3  . 2 .2 )  .

There are severa l  poss ib le  reasons for  th is  observat ion.  The

first is that the biota did not respond to the P/C regime on the t ime and

sPace  sca les  t ha twe re  ana l yzed ,  i . e . ,  t ha t  ove r  sho r t  t ime  sca les ,  P IC

changes and biological changes t{ere decoupled. PIC changes that are

large in magnitude but of short duration may be integrated by an

organism over a longer t ime period, rather than being translated into an

immediate change in abundance. However, l-ack of detai led knowledge of

the re la t ionships between the var ious species in  the SONGS area and

their environment prohibits the incorporation of such relationships

into the mul t ip le  regress ion.

Another reason :.s that the very large spatial scale of this study

makes shor t - term immigrat ion responses by organisms unl ike ly .  Instead,

species may respond on the populat ion level ,  i .€ . ,  by increasing or
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ben th i c  commun i t i es  (wood in ,  L974 ;  V i rns te in ,  L977 ;  Evans ,  1983) .

These Possib i l i t ies could not  be addressed in  the present  s tudy,  and are

s i rnp ly  po: . t tq"a out  as poss ib le  mechanisms for  the observed changes.

3.3.5 Abundances of  Species and TM Groups

As  po in ted  ou t  i n  Sec t i on  3 .3 .1 ,  two  o f  MEC 's  ma jo r  goa l s  i n  t he

final analyses of the abundances of soft bottom benthic taxa and TM

grouPs were:  (1)  to  determine v ia  BACI test ing whether  there were

signif icant changes in abundance near SONGS relative to abundance at a

Contro l  locat ion in  the Af ter  per iod,  and (2)  to  determine v ia  the

longshore abundance pattern analyses whether any such signif icant

changes were unique to the nearf ield.

Summar ies of  the BACI tests ,  pat tern analyses,  and changes in

abundance are presented in  Tables 3-18 through 3-33.  These resul ts  were

interpreted in  tems of  three poss ib le  categor ies.  Category I  inc ludes

resul ts  that  ind icate no SONGS ef fect .  Category 2 inc ludes resul ts  that

showed a change in the abundance relationship between SONGS and Control

that occurred only in the Befcre period (note. that such a pattern

ind icates a v io la t ion of  the BACI constant  mean assumpt ion) .  Resul ts  in

th is  category.  were at t r ibuted to  s toms,  inc lud ing the L982-L984

California EI Nino, and construction, which was largely confined to the

Before per iod.  The th i rd  category inc luded resul ts  ind icat ing ef fects

that either occurred in the After period or changed between the Before

and Af ter  per iods.  Some of  these resul ts  were c lear ly  at t r ibutable to

SONGS,  o the rs  may  o rmay  no t  have  been  SONGS e f fec ts .  Tab les  3 -19 ,  3 -

2L ,  3 -27 ,  and  3 -29  po r t ray  these  ca tego r ies  g raph ica l l y .

Of the taxa and TM groups at 8 m for which power r.ras greater than

only one taxon and one TM group exhibited relative decreases. No
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3 .3 .5 .  I  BACI  and  ANOVA Resu l t s  a t  8  m

3 .3 .5 .1 .1  Summary  o f  Resu l t s

Three sunmary variables of the 8 m community --the number of

species,  to ta l  abundance,  and to ta l  b iomass - -were analyzed,  and showed

no re lat ive changes in  the Af ter  moni tor ing per iod that  could be

uneguivocal ly  a t t r ibuted to  SONGS. Of  these three communi ty  measures,

only  to ta l  abundance y ie lded stat is t ica l ly  s ign i f icant  resul ts ;  these

largely reflected changes that began and ended before Units 2 and 3

began  ope ra t i ons  (e .8 .  ,  F iBu re  D -163 ) .

Among the s ix teen TM groups tested at  8  m (Tab1e 3-18) ,  seven had

power greater  than 0.5,  and could therefore have been expected to  show

ef fects  had they occurred.  Of  these seven,  on ly  one,  the sur face

omnivore/deposi t - feeding:  mot i le  group,  showed a change in  re la t ive

abundance that  was c lear ly  associated wi th  the SONGS area (Table 3-19;

F igures D-213,  D-2L6) .  One other  TM group,  the d iscrete ly  mot i le

sur face suspension/deposi t - feeders,  showed a change that  could be

attr ibuted to changes in abundance that began and ended before the start

o f  Uni ts  2 and 3 operat ion (TabIe 3-19;  F igure D-223) .

Of the 19 t ixonomic subsets (Table 3-18) of TM groups that were

tested,  e ight  had power greater  than 0.5.  Of  those e ight ,  none showed a

c lear  ef fect  local ized near  SONGS; however ,  the test  resul ts  for  three

subsets,  the mol lusc and "other"  subsets of  the sur face

carnivore/omnivore: moti le TM- group and the crustaceans of the

discrete ly  rnot i le  sur face carn ivore lomnivore group,  suggested poss ib le

e f f ec t s  (Tab Ie  3 -19 ) .

Eight of the f i f teen individual taxa examined had power greater

than  0 .5  (Tab le  3 -20 ) .  On ly  the  po l ychae te  Typosy l l i s  hya l i na  (a  member

of the surface ca::nivore/omnivore: moti le TM group noted above) yielded
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The results of the individual tests of TM groups and subgroups and

of  species at  8  m were consis tent  wi th  the resul ts  of  the analyses of

communi ty  pat terns and st ructure.  Few SONGS ef fects  were noted in  both

cases.  MoSi  of  those that  were ident i f ied by the ind iv idual  tests

( " .g . ,  mo t i l e  su r face  omn ivo re /depos i t - f eeders )  were  a l so  seen  by  the

community analyses.

The fo l lowing subsect ions present  more deta i led d iscuss ions of

s tat is t ica l ly  s ign i f icant  resul ts  at  8  m.  For  the convenience of  the

reader ,  these are organized in to resul ts  that  c lear ly  d isp lay an ef fect

(Sec t i on  3 .3 .5 .L .2 )  and  t hose  t ha t  may  show  an  e f f ec t  (Sec t i on

3 .3 .5 .1 .3 ) .  Readers  i n te res ted  on l y  i n  a  genera l  sunmary  o f  resu l t s  may

w ish  to  sk ip  these  subsec t i ons  and  con t i nue  read ing  a t  Sec t i on  3 .3 .5 .2 :

Resul ts  at  18 rn.

3 .3 .5 .1 .2  E f f ec t s  a t  8  m

Of the s ix teen TM groups that  were tested at  8  m,  only  one,  the

mot i le  sur face omnivore ldeposi t - feeders,  showed c lear  ev idence of  an

effect that actually began as a rapid increase in abundance at the

Impact site and a smaller increase at Control in the Before period

(Figure D-2f5) .  Fol lowing th is  in i t ia l  increaseo abundance remained

eievated at i ,ot l :  SOll iGS and Cor^tiol into the After period. During t l ' re

Aftei period abundance continued to increase sIowly at Coritrol while

s imul taneously  dec l in ing at  the Impact  s i te  (F igure D-215) ,  y ie ld ing a

decrease in relative abundance and the signif icant BACI result.  The

longshore pattern analysis (Figure D-ZL6) showed that this BACI result

was an Impact site phenomenon, since longshore abundance patterns were

near ly  para l le l  in  the two moni tor ing per iods,  except  at  the Impact

s ta t i ons .  The  spa t i a l  ex ten t  o f  t he  BACI  e f fec t  - -  l ess  than  2000  m - -

re in fo rces  the  se lec t i on  o f  t he  Con t ro l  s ta t i on  l oca t i ons .
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connection between the declining nearf ield abundance and an increasing

contr ibut ion of  s i l t  and c lay-s ize par t ic les to  the near f ie ld  sediments

(remember that  dur ing the per iod of  increasing abundance in  1979-1980,

the percent  s i l t  and c lay changed l i t t le  in  the near f ie ld) .  However ,  as

noted above the mul t ip le  regress ion analys is  showed only  a very weak

relationship between abundance of the TM group and the

physj -ca l - /  chemical  parameters measured.  Thus some factor(s)  o ther  than

natural variat ions in sediment parameters must have been involved in

the obse:rred abundance changes.

Phoxocephalids have been shown to actively avoid sediments

conta in ing low concentrat ions of  cadmium (ca.  6  vg lg)  or  zLnc (ca.  50

ve le )  (Oakden  e t  a l . ,  1984 ) .  Bo th  me ta l s  a re  d i scha rged  by  the  SONGS

Units. However, a hypothetical l ink between trace metal discharges and

declining abundance of this TM group cannot be evaluated because t ime

ser ies of  sediment  meta l  concentrat ions are not  avai lab le.  Other

direct mechanisms such as intake withdrawal and secondary entrainment

of swirnming adults or planktonic larrrae are unlikely to have

contributed in any important way to the obse:rzed nearf ield decline

since most organisms belonging to this TM group do not have planktonic

larvae aud most have not been shown to spend a large proportf.on of their

litl,.t.3'ii.r. ti:.e 9r6-te:,: c,-- .|-umn.

'Test resul ' is and abundance patterns for the' l l i  group were rrut

entirely consistent with those of i ts component taxa that were also

tested.  The codominant  taxa,  the ost racod Euphi lomedes longiseta and

the amphipod Synchelidium shoemakeri, yieLded neither statist ical ly

signif icant test results nor abundance patterns part icularly

suggest ive of  an Impact  s i te  ef fect ,  except  that  both d isp layed br ie f

(2-4 months) ,  but  large increases in  abundance at  the Impact  s i te  in
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ind iv idual  taxa ref lected par ts  of  the pat tern.  The TM group

experienced a regional increase in abundance sometime during the period

that  inc luded the s tormy winters of  L977 -1978 and L979-1980,  and which

also co inc ided wi th  the Uni ts  2 and 3 of fshore construct ion act iv i ty .

The subsequent abundance decline was localized near SONGS in the After

per iod.  Tr .Le mechanism(s)  leading to  th is  could not  be ident i f ied,  but

s i -nce the decl ine was local ized in  the near f ie ld  i t  must  be considered

an impor tant  resul t .

No other TM group showed convincing evidence of an effect

local ized near  SONGS al though one species,  the sy l l id  po lychaete

Typosyl l is  hyal ina,  a  member of  the mot i le  sur face carn ivore/omnivore

TM group (which showed no evidence of an effect), clearly showed an

e f fec t  (F igu res  D-363 ,  D -364) .  Th i s  spec ies  d i sp layed  some ind i ca t i on

of a regional increase in abundance sometime between late L977 and late

L979 and a regional  dec l ine ' in  the Af ter  per iod,  but  the most  s t r ik ing

change in abundance was its virtual disappearance from the SONGS area in

the  A f te r  pe r iod  (F igu res  D-363 ,  D -364) .  The  mu l t i p le  reg ress ion

analyses ind icated l i t t Ie  re la t ionship between these abundance

Patterns and the . physical/chemical parameters measured, except

sediment total. organic carbon, although even there the relationship was

w;:ak ( ' Iable 3-16) and apparently,ha.ci notlr ing to ci.o with the nearf ield

disappearance. Thus'the obse:rred abundar:ce char.ges must har"e : ief j .ected

influences in the nearf ield other than those measured in the

physica l  /  chemical  data

Intake withdrawal and/or secondary entrainment of planktonic

larvae might represent a mechanism unique to the nearf ield that might

have contributed to the obserrred disappearance. Many sylLids do

reproduce via planktonic larvae, but some others brood their young
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near f ie ld '  dur ing and immediate ly  fo l lowing the s tormy winter  o f  L979-

1980.  By la te 1981 abundance was a l ready return ing to  lower  leveIs

which were subsequent ly  mainta ined through the Af ter  per iod.  The BACI

and ANOVA re-sults for this TM group thus reflect abundance changes that

began and essent ia l ly  ended pr ior  to  Uni ts  2 and 3 operat ions,  and they

p robab ly  do  no t  re f l ec t  SONGS e f fec ts .

In  addi t ion to  the TM group descr ibed above,  taxonomic subsets of

two other  TM groups-- the not i le  sur face carn ivore/omnivore mol luscs and

"others!1,  and the d iscrete ly  mot i le  sur face carn ivore/omnivore

crustaceans--had power greater  than 0.5 and a lso y ie lded s ign i f icant

BACI  resu l t s  (Tab le  3 -18 ) .  The  two  codominan t  subse ts  o f  t he  mo t i l e

surface carnivore/omnivore TM group showed opposite relative changes-in

abundance:  the mol luscs decreased,  whi le  the others increased (Table 3-

24) .  Inspect ion of  the longshore pat terns of  abundance for  the mol luscs

(Figure D-272)  showed that  the i r  BACI resul t  probably  came about

largely because abundance did not decline in the After period at the

Con t ro l  s ta t i on  6 .7  km downcoas t ,  un l i ke  a t  a l l  o the r  l oca t i ons .  Th i s

would aPPear to indicate that the effect in this case was only natural

variabi l i ty downcoast; however, SONGS effects such as intake withdrawal

of planktonic larrrae during the After period could have contri .buted to

the i l ight ly  larger  dec l ine at  SONGS. Urr for tunate ly ,  tL i . i3  posr ; ib i I ' : . ty

cannot be evaluated because we have no estimates cf ' ;he'nunrber s.f.  t31:.,3g

of this TM group available for withdrawal/entrairunent. A lack of

in format ion about  feeding habi ts  prec ludes an evaluat ion of  potent ia l

changes in  prey avai lab i l i ty  to  the observed resul ts  for  the mot i le

su r face  ca rn i vo re /omn ivo re  mo l l uscs .  I t  does  seemp laus ib le  to  sugges t

that the regional increase in abundance which was underway by the winter

of  L979-1980 (and could have star ted as ear ly  as la te L977 )  represented
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l i ke ly  that  the test  resul ts  rea l ly  re f lected changes that  occurred

pr ior  to  SONGS operat ions,  and that  they therefore do not  ind icate SONGS

effects .  This  
T.y  

suppor t  the in terpretat ion of  no ef fect  for  the

taxonomic subset

Among the individual taxa tested at 8 m, only those already

discussed above ( i .e . ,  Rhepoxynius menziese and Rhepoxynius spp.

j uven i l es ,  Typosy l l i s  hya l i na ,  and  Zygeupo l i a  sp . )  y i e lded  s ign i f i can t

BACI resul ts .  These d iscuss ions are not  repeated here.

3 .3  . 5 .2  Resu l t s  a t  18  m

3 .3 .5  . 2 .1  Summary  o f  Resu l t s

A11 three sunmary var iab les of  the sof t -bot tom benth ic  communi ty

at  l8  m-- the number of  species,  to ta l  abur idance,  and to ta l  b iomass--

increased coastwide beginning in  the Before per iod (F igures D-371,  D-

375'  D-379) .  The increase in  the number of  species and to ta l  abundance

was signif icantly larger near SONGS during the After period. An

increase in  the number of  benth ic  species of ten is  ind icat ive of  mi ld

organic  enr ichment  (e.9. ,  Pearson and Rosenberg,  1978) ,  such as was

expec ted  to  occu r  nea r  t he  d i f f use rs  (e .9 . ,  MRC,  1980) .  However ,

although the sediment organic carbon data showed some evidence of a

near f ie ld  enr ichment  (F igure 3-16) ,  the mul t ip le  regress ion analyses

( Section 3 . 3 . 4 ) incorporating measures of the sed:!.mentary, physical ,

and chemical environment and of organic enrichment, provided l i t t le

insight into the changes in the benthic biota. This result was

surprising because at 18 m there was a pronounced shift  of the sediments

toward s i l t  and c lay s ize par t ic les,  especia l ly  wi th in  about  2 km , . f  rom

SONGS, that broadly coincided with the changes (toward increased

dominance by subsur face deposi t - feeders)  in  the sof t  bot tom benthos at
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near SONGS while declining in abundance at the downcoast stations. This

pat tern is  in  genera l  agreement  wi th  the resul ts  of  the t rophic

s t ruc tu re  ana lys i s  o f  t he  TM g roup  as  a  who le  (Sec t i on  3 .3 .3 ) ,  wh ich

showed that abundance remained constant between periods near SONGS but

decreased markedly  at  the downcoast  s tat ions in  the Af ter  per iod.  A

th i rd  subset ,  the paraonid polychaetes of  the mot i le  subsur face

deposi t - feeding TM group,  d id  not  actual ly  have a s ign i f icant  pr imary

BACI  tes t  resu l t  (Tab le  3 -26 ) ,  bu t  t he  anc i l 1a ry  tes ts  (F igu re  D-389)

did indicate a change between periods and the longshore pattern

analys is  (F igure D-392)  c lear ly  showed that  th is  was a re la t ive

increase largely  at t r ibutable to  the near f ie ld .  Fur thermore,  the

ana lyses  o f  commun i t y  pa t te rn  and  s t ruc tu re  (Sec t i ons  3 .3 .2  and  3 .3 .3 )

showed that these changes in the abundance of paraonid polychaetes were

influential in altering the composit ion of the benthic commrrnity near

SONGS in the Af ter  per iod.

Of the 20 taxa tested individually, 15 had power greater than 5O7",

o r  had  to  be  tes ted  by  the  b inomia l  t es t  (Tab le  3 -28 ) .  N ine  o f  t hose  15

yie lded s ign i f icant  BACI resul ts ,  t i r ree of  which (unident i f ied

nematodes and the polychaetes Tauberia graci l is .and Mediomastus

cal i forn iens is /ambiseta)  were c lear ly  associated wi th  the SONGS area

(Table 3-29) .  A th i rd  polychaete,  Acesta cather inae,  y ie lded non-

s i i ;n l f icant  BACI resul ts ,  but  eras considered to  show a c lear  SONGS

effect  because i ts  abundance increased great ly  near  SONGS in the Af ter

period, the binomial and regression lrere signif icant, and the ANOVA

ident i f ied the 700 m stat ion as d i f ferent  f rom the others (F igures D-533

through D-535) .  These polychaetes are members of  the two polychaete

subsets of  the mot i le  subsur face deposi t - feeding TM group,  which as

noted above a lso showed a s ign i f icant  BACI ef fect .  The analyses of
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e f fec ts .  I n  t hose  cases ,  t he  "poss ib le  e f fec ts "  o r i g ina ted  as  reg iona l

increases in  abundance beginning in  the winter  o f  LgTg-1980,  when a

major  sh i f t  in  the nature of  the sediment  toward a h igher  propor t ion of

s i l t  and  . i ay  occu r red  (a l l  o f  t hese  a re  marked  i n  the  "Poss ib le

storm/construct ion Ef fect"  corumn of  Tables 3-27 and 3-zr ) .  An

addi t ional  21 groups and taxa that  d id  not  y ie ld  s ign i f icant  BACI test

resul ts  were ass igned to the s torm/construct ion ef fects  category on the

basis  of  the i r  tempora l  pat terns of  abundance.  For  these 39 groups and

taxa,  the ef fects  may have been d i rect  or  ind i rect  responses to  the

sediments becoming f iner .  Despi te  the considerable number of  resul ts

that  fe11 in to the s torm/construct ion category,  the mul t ip le

regress ions of  P/C var iab les wi th  the abundances of  species and TM

grouPs revealed no c lear  re la t ionships.  However ,  the analyses of

community structure and pattern did identify the difference between the

PreoPerational and operational periods, which involved many taxa and

which took p lace across the ent i re  s tudy area over  long per iods of  t ime,

as being the major  change in  the b iota.

A smal l  number of  groups and taxa (10)  at  18 m e i ther  had power less

than 5O'/" or yielded nonsignif icant test results and displayed abundance

Pa- i : terns suggest ive of  ne i ther ,SONGS nor  s tornr /construct ion ef fects .

Tr: '-se'are Lisi:ed. i-n t i ; , :e "Ir!o 'E.ffr.r: . t" column. of Tatrles 3-27 a,nd 3-29 a.nc!

the i r  t es t  resu l t s  a re  g i v ' ea  on  the  summary  tab les  (Tab lds  3 -26 ,  3 -28 ,

3 -30 ,  3 -3 I )  and  i n  Append ix  D ,  bu t  t hey  a re  no t  d i scussed .

The  fo l l ow ing  subsec t i ons  p resen t  d i scuss ions  o f  s ta t i s t i ca l l y

s ign i f icant  resul ts  at  18 m.  For  the convenience of  the reader  these

are organized in to resul ts  that  c lear ly  d isp lay an ef fect  local ized in

the  SONGS a rea  (Sec t i on  3 .3 .5 .2 .2 )  and  t hose  t ha t  show  poss ib l e  e f f ec t s

(Sec t i on  3 .3 .5  . 2 .3 )  .
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The mot i le  subsur face deposi t - feeding group as a whole d isp layed a

s igni f icant  re la t ive increase (Table 3-32)  which began as a regional

abundance increase in  la te L979 (F igure D-383) .  Fol lowing th is  in i t ia l

increase, aLundance was much rnore variable than it  had been earl ier.

Beginning in late 1980 SONGS abundance became higher than Control

abundance, although the SONGS and Control abundance trends remained

roughly  para l le l  wi th  l i t t le  net  change unt i l  1985 when a fur ther  large

increase in the nearf ield was noE matched by an increase at the Control

s tat ions (F igure D-383) .  The pat terns of  abundance downcoast  ( f rom the

1900 m in termediate s tat ion to  the 9400 m Contro l  s ta t ion)  were more or

less para11el  in  the Before and Af ter  per iods.  Nearer  SONGS. however ,

the pat terns d iverged,  par t icu lar ly  a t  the 700 m Impact  s tat ion (F igure

D-384) ,  y ie ld ing the s ign i f icant  BACI and ANOVA resul ts .

The mot i le  subsur face deposi t - feeder  TM group compr ises a wide

var ie ty  of  po lychaete fami l ies and holothur ian echinoderms (TabLe 2-2) .

In the San Onofre region it  is dominated by capitel l id and paraonid

polychaetes,  whose abundance pat terns resembled those of  the group as a

whole.  However ,  as a resul t  o f  the i r  h igher  var iab i l i ty  in  the Af ter

per iod the pr inc ipa l  BACI test  resul ts  were nonsigni f icant  for  both

subs.ets  (but  a l l  secondary test  resul ts  were s ign i f icant :  F igures D-

385,  I t -389) .  The temporal  pat terns of  abuna.a.nec- : . t r . r  uhese taxc,nomj . :

subsets differed somenhat fro'm one anot'her, but the combinatioir oi the

two patterns closely matched the temporal pattern of the TM group as a

whole. Thus, these subsets in combination appear to have driven the

resul t  for  the whole group.  Inspect ion of  the abundance p lots  for  these

taxonomic subsets (F igures D-387 and D-391)  suggested that  the ear ly

regional abundance increase noted above for the TM group was largely

at t r ibutable to  the marked increase,  beginning in  winter  L979,  of  the
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D-543) .  Capi te l l id  abundance remained roughly  level  a t  both s i tes

unt i l  la te 1985 when dramatic increases ( largely  U.

ca l i f o rn iens i s /amb ise ta )  occu r red  a t  bo th  s i t es .  The  A f te r  pe r iod

temporal  pat terns for  these paraonid and capi te l l id  species,

part icularly the very abundant !.  graci l is and U.

cal i forn iens is /ambiseta,  both wi th  s ign i f icant  re la t ive increases,

produced the divergence in SONGS-Control abundance trends that led to

the signif icant relative increase for the TM group as a whole.

Plots of longshore abundance patterns indicated that the longshore

pat tern for  the mot i le  subsur face deposi t - feeder  group resembled the

pat tern of  the paraonid polychaetes,  but  a lso inc luded features of  the

capi te l l id  pat tern (  c .  f  .  F igures D-  384,  D-  388 ,  D-392)  .  Ib .g_ near f  ie ld

-. abundance increase noted for the TM group largely reflected higher

near f ie ld  paraonid abundance (F igure D-392A),  whi le  the lower Af ter

abundance' at interrnediate stations reflected the capiteLlid pattern

(Figure D-3884' ) .  The capi te l l id  pat tern was near ly  ident ica l  wi th  that

of  Mediomastus ca l i forn iens is /ambiseta (c . f .  F igures D-388A and D-

564A), and the paraonid pattern was mainly that of Tauberia graci l is,

wi th  a smal ler  contr ibut ion f rom Acesta cather inae (c . f .  F igures D-

392L,  D-604A.  D-539A).  Th ' - is  the longshore pat tern for  the TM group

. appea:fir,j;ir !6"i76- tree.!.r. prUduced rrr:j.rfcipally by theso- :;:hrl:e ta.:{:a.

The mechanism(s) .undetlyi.ng the changes in temporal and spatial

abundance patterns described above are unclear, largely because the

biology of the taxa and groups involved are not suff iciently well  known.

. Clearly, the different patterrts shown by the capitel l id and paraonid

polychaetes suggest  d i f ferent  responses or  d i f ferent  levels  of  response

to environmental variat ion. Within the paraonid taxonomic subset, the

different patterns shown for the three most abundant species (Tauberia
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wastewater input gras predicted for an area within about I krn of the

di f fusers (MRC, 1980) .  However ,  the sediment  organic  carbon data

(Sec t i on  3 .1  and  F igu re  3 -16 )  show l i t t l e  ev idence  fo r  an  i nc rease  i n

the near t ie ia .  The mul t ip le  regress ion analys is  d id  ind icate that  among

the phys ica l /chemical  parameters measured,  var ious measures of  food

avai lab i l i ty -  -  especia l ly  sediment  organic  carbon-  -were best  corre lated

w i th  the  abundance  o f  M .  ca l i f o rn iens i s /amb ise ta  (Tab le  3 -16 ) ,  bu t  t he

ove ra l l  co r re la t i on  was  ve ry  sma l l  ( r z=0 .08  )  .  Thus ,  nea r f i e ld

enrichment apparently cannot account for the observed temporal pattern

o f  U .  ca l i f o rn iens i s /amb ise ta  i n  t he  A f te r  pe r iod .

The resul ts  for  the mot i le  subsur face deposi t - feeder  TM group,

therefore,  are s ign i f icant  re la t ive increases near  SONCS for  the group,

and for two of the numerical ly dominant taxa--Tauberia graci l is and

Mediomastus ca l i forn iens is /ambiseta--  in  that  group.  Abundance

changes for the dominant taxonomic subsets that those two taxa belong to

were s imi lar  as wel l ,  a l though owing to  h igh var iab i l i ty  in  the Af ter

per iod the pr inc ipa l  BACI test  fa i led to  recognize the i r  re la t ive

increases as s ign i f icant .  We cannot  account  for  the mechanism(s)

responsible for the signif icant BACI resul.ts and the longshore and

temporal  abundance pat terns,  but  tbe. longshore pat tern analyses c lear ly

jr l-eni: i . f : i .ed- both the. TM Elroup result .and.-Ehg T.. graci l i-s resul ' ;  with

the near  Impact  (700 m) s i te .  the longshore analys is  resul t  for  M.

ca l i f o rn iens i s /amb ise ta ,  a l t hough  less  c1ear ,  a l so  sugges ted  tha t  t he

BACI resul t  was local ized in  the very near f ie ld .  The mot l le  subsur face

deposit-feeders were the dominant TM group at most longshore study

s i tes in  both the Before and Af ter  per iods,  and the dominant  taxa,  T.

grac i l is  and M.  ca l i forn iens is /ambiseta vrere numer ica l ly  impor tant

taxa at the 18 m depth in the San Onofre region. Thus, these are

impor tant ,  even though unexpla inable,  resul ts .
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near f ie ld  (F igure D-568) .  This  suggests that  the near f ie ld  remained

re lat ive ly  more hospi tab le to  nematodes in  the Af ter  per iod;  however ,

because the nematode category conta ins a number of  species whose

natura l  h is ior ies are poor ly  known,  there is  no basis  for  postu lat ing

the mechanism(s)  that  might  have mainta ined th is  condi t ion.  Studies in

other areas have indicated that the free-l iving marine nematodes have

widely varied and complex l i fe cycles and microhabitat requirements

(e .9 . ,  A long i  and  T ie t j : t r ,  1980 ) ,  and  th i s  i s  undoub ted l y  t rue  i n  t he

San Onofre reg ion as wel l .  Thus,  even though the mechanism(s)

responsib le for  the apparent  e f fect  cannot  be postu lated,  the resul ts

do c lear ly  suggest  that  the near f ie ld  has remained re lat ive ly  favorable

for  nematodes

3 .3 .5 .2 .3  Poss ib l e  E f f ec t s  a t  18  n

In addi t ion to  the e ight  categor ies d iscussed above,  s ign i f icant

BACI and/or ANOVA results were obtained for 23 of the 61 tested

categor ies at  18 m,  but  for  these the pr inc ipa l  BACI test  resul t  was not

suppor ted  by  secondary  tes t  resu l t s  (Tab les  3 -26 ,  3 -28 ;  Append ix  D)

and/or the longshore pattern analysis indicated that the nearf ield was

no t  un ique  (Tab les  3 -30 ,  3 -31 ) .  I n  e i t he r  case ,  t he  tes t  resu l t s  were

rare ly  considered to  be s t rongly  suggest ive of  d 'SONGS ef fect .  Only

resul ts  for  four  of  the categcr ies,  were considered to  be ' reasonably

l i ke Iy  i nd i ca to rs  o f  e f fec ts .  These  ca tego r ies  were :  t he  d i sc re te l y

mot i le  subsur face deposi t - feeders and one component  of  that  TM group--

unident i f ied hemichordates--both wi th  re la t ive decreases;  the

capi te l l id  po lychaetes of  the mot i le  subsur face deposi t - feeder  TM

group,  and the polychaetes of  the d iscrete ly  mot i le  sur face

carn ivore/omnivore TM group,  bothwi th re la t ive increases.  In  a l l  four

3 -86



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

more  o r  l ess  cons tan t  du r ing  the  A f te r  pe r iod  (e .9 . ,  t he  d i sc re te l y

mo t i l e  su r face  depos i t / de t r i t a l - f eed ing  po l ychae tes :  F igu re  D-427) .

Evidence of  a  re laxat ion f rom the s torm/construct ion per iod changes in

abundance was largely l imited to the groups and taxa interpreted as

show ing  s t r i c t l y  s t o rm /cons t ruc t i on  e f f ec t s  ( e .g . ,  t he  d i sc re te l y

mo t i l e  su r face  suspens ion /depos i t - f eed ing  mo l l uscs :  F igu re  D-455) ,

although a few of the groups and taxa having signif icant relative

changes in  addi t ion to  the s torrn/construct ion ef fects  may a lso have

begun to show a s imi lar  re l ,axat ion in  the la te operat ionaL moni tor ing

per iod  (e .9 . ,  t he  mo t i l e  su r face  omn ivo re /depos i t - f eed ing  TM g roup :

F igu re  D-435) .  I n  genera l ,  f o r  t he  c lass  o f  resu l t s  i nd i ca t i ng  bo th

BACI and storm/construct ion types of  e f fects ,  the longshore pat tern

analyses showed that changes in abundance in the nearf ield were not much

d i f f e ren t  f rom changes  a t  mos t  o r  a l l  o the r  l ongshore  s tudy  s i t es  (e .9 . ,

Tab les  3 -30 ,  3 -31 ) ;  t hese  tempora l  pa t te rns  o f  abundance  cou ld  thus  be

in te rp re ted  as  be ing  more -o r - Iess  reg iona l  i n  na tu re  (e .g . ,  F igu res  D-

428A and D-436A for  the d iscrete ly  mot i le  sur face deposi t /det r i ta l -

feeding polychaetes and the mot i le  sur face omnivore/deposi t - feeders,

respect ive ly) .  On the other  hand,  many of  these groups and taxa d id

increase in abundance at the 700 m near Impact site relative to the far

Impact and/'ot near intennediate sites 1iC0 in and igC'J m : ' iovnrcoast,

respect ive ly ,  in  both the Before and Af ter  pe ' r iods.  I f  tnese i .ocal ized

increases in  the Before per iod actual ly  d id  represent  responses to

storm/construct ion act iv i t ies in  the Before per iod,  then the

maintenance of such nearf ield increases in the After period might have

represented cont inued,  but  very local ized,  d is turbance or  mi ld

enr ichment .  However ,  there is  l i t t1e ev idence of  th is  in  the

phys rrcaL I chemical data
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The polychaete subset  o f  the d iscrete ly  mot i le  sur face

carnivore/omnivore TM group is dominated by goniadids and nereids. One

species belonging to  th is  group--Goniada maculata (not  a  dominant) - -was

tested ind iv idual ly .  G.  maculata showed no ev idence of  an ef fect .

Goniadids are thought to be car:r ivores (Fauchald and Jumars, 1979 ) that

prefer  f ine sediments (Har tman,  1969) ,  whereas nere ids are largely

omnivores and occur  in  a var ie ty  of  habi ta ts  (Taylor ,  1984) .  The

abundance pat terns of  these polychaetes can be thought  to  ref lect  the i r

food resources;  however ,  the i r  d ie ts  are not  suf f ic ient ly  welL known to

al low usefu l  d iscuss ion.  Fur thermore,  there is  no pat tern of  change in

the phys ica l /chemical  data set  that  can account  for  the fa i lure of  the

near f ie ld  abundance of  these polychaetes to  decrease in  the Af ter

per iod as i t  d id  e lsewhere,  g iven the at t r ibutes descr ibed above.

Nevertheless, the very nearf ield does appear to have been somewhat

unique in the After period for the subset as a whole, and may suggest the

ex i s tence  o f  an  e f fec t .

The d iscrete ly  mot i le  subsur face deposi t - feeder  TM group and i ts

dominant taxon, unidentif ied hemichordates, were both rarer in the

Af ter  per iod than they had been in  the Before per iod,  and both decl ined

s ign i f i can t l y  i n  re la t i ve  abundance  (Tab les  3 -26 ,  3 -28 ,  3 -32 ,  3 -33 )

t 'er: i l t i . . . ' : ' t l : .e Beforr:;a.ad After lcngshore a.bundance pattern.s r,- ivergeci in

t i - .e . i t i=ar f ie ld  but  conve ' rged at  t i rb  94OO m Contro l  S i te ' (T: rb lbs 3-30,  3-

31 ;  F igu res  D-396 ,  D -556) .  Bo th  the  l ongshore  and  tempora l  pa t te rns  o f

abundance were nearly identical for the TM group and the taxon (c.f.

F igu res  D-395 ,  D -555  fo r  t empora l  pa t te rns ,  F igu res  D-396 ,  D -556  fo r

longshore pat terns) ,  ind icat ing that  the resul ts  for  the grouP were

driven by i ts dominant taxon. The natural histories of the

hemichordates in  the region are not  suf f ic ientJ .y  wel l  known to a l low the
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Table 3-5.  The reproduct ive index (number of  females carr ry ing
young/ tota1 number of  females)  of  mysids at  SONGS
and Contro l  dur ing the preoperat ional  (Before)  and
operat ional  (Af ter )  moni tor ing per iods.  The
reproduct ive index was ca lcu lated as the mean s lope.
The resul ts  c i ted under  each taxon and the repro-'  
duct ive ind ices were based on ANCOVA analyses.
*  Ind icates that  an in f luence date (28 August  1984)
was deleted f rom the data pr ior  to  test ing.

Inshore Summary Group
No s ign i f icant  d i f ferences

Acanthomysis  dav is i i
No s ign i f icant  d i f ferences

Neomysis  ray i i
Contro l -Before d i f  ferent
f rom a l l  o the r  ce l l s ,  no
other  s ig .  d i f ferences

Holmesimysis  costata
No s ign i f icant  d i f ferences

Mys idopsis  cathengelae
No signif icant differences

Cross-Shel f  Summary Group
No s ign i f icant  d i f ferences

Acanthomysis  macropsis
SONGS-Af ter  d i f ferent  f rom
Contro l -Af ter ,  no other
s ign i f icant  d i f ferences

Metamysidopsis  e longata
. No signj-f icant dif ferences

l lys idops: .s  j .n t i i
-  -No 's : -g; ; : i f icant  d i f f t : .ences

Offshore Summary Group
SONGS-Af ter  d i f ferent  f rom
a l l  o the r  ce l l s ,  no  o the r
s ign i f icant  d i f ferences

Neomysis  kadiakensis
SONGS-Af ter  d i f ferent  f rom
a l l  o the r  ce l l s ,  no  o the r
s ign i f icant  d i f ferences

Acanthomys is nephrophthalma
SONGS-Af ter  not  d i f ferent

soNGs-
Before

.08

.09

.0r

.06

.20

.19

.25

.20

.09

.20

.23

.07

Cont ro l -
Before

.15

.10

.25

.09

.28

.L2

.22

.13

.06

. 18

.19

SONGS.
Af ter

. 15

.04

.00

Cont ro l -
After

.L4*

.00

.00

.08

.27

. L7

.29

.15

.05 '

.49

.44

.16

.19*

.15

.2L

.15

"T '

.29

.24

f rom Contro l -Before,  a l l  o ther
cornparisons signif icantly
d i f ferent
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Tab le  3 -9 .  Mos t  impor tan t  t roph ic -mo t i l i t y  (TM)  g roups  i n  rhe  8  m
stat ion groups.  Abundance for  each TM group was standard-
i zed  t o  i t s  r nax imum abundance  ( see  Sec t i on  2 .4 .8 .2 )  and  a
max imum abundance  >  0 .25  was  used  as  the  cu t -o f f  l eve l  f o r
co l t s i de r i ng  a  TM g roup  impo r tan t .  See  Sec t i on  2 .4 .L  and

.  Tab le  2 -2  fo r  desc r ip t i ons  o f  t he  TM g roups .  Taxonomic
subse ts  o f  TM g roups  a re  i nd i ca ted  by  a  l e t t e r  t o  t he  l e f t
o f  each  TM g roup  name:  C=c rus tacean ,  M=mo1 lusc ,  O=o the r
m ino r  phy lun ,  P=po lychae te ,  PCAP=cap i te l l i d  po l ychae te ,
PP4f t=paraonid polychaete .

Group 1

O-Sur face  ca rn i vo re -omn ivo re  :  Mo t i l e
C-Sur face  omn ivo re -depos i t  :  Mo t i l e
P-Sur face  ca rn i vo re -omn ivo re :  D isc re te
P-Subsur face  ca rn i vo re -depos i t  :  Mo t i l e
M-Sur face  ca rn i vo re -omn ivo re :  Mo t i l e
C -Su r face  depos i t - de t r i t a l :  D i sc re te
M-Su r face  suspens ion -depos i t :  D i sc re te
PPAP-Subsur face  depos i t  f eede r :  Mo t i l e
C-Sur face  ca rn i vo re -omn ivo re :  D isc re te
P -Su r face  suspens ion -depos i t  :  D i sc re te
P-Sur face  ca rn i vo re -omn ivo re :  Mo t i l e

Group 2

C-Sur face  omn ivo re -depos i t  :  Mo t i l e
O-Sur face  ca rn i vo re -omn ivo re  :  Mo t i l e
C -Su r face  depos i t - de t r i t a l :  Mo t i l e
P-Sur face  ca rn i vo re -omn ivo re :  D isc re te
P-Subsur face  ca rn i vo re -depos i t  :  Mo t i l e
M-Sur face  ca rn i vo re -omn ivo re :  Mo t i l e'PPAR-Subsur face  depos i t  f eede r :  Mo t i l e
C-Sur face  sus rens ion -depos i t  :  D i sc re te

Group 3

C - S u r f a c e  o m n i v o r e - d e p o s i t  :  M o t i l e
O - S u r f a c e  c a r n i v o r e - o m n i v o r e :  M o t i l e
P - S u r f a c e  c a r n i v o r e - o m n i v o r e :  D i s c r e t e
P - S u b s u r f a c e  c a r n i v o r e - d e p o s i t  :  M o t i l e
M - S u r f a c e  c a r n i v o r e - o m n i v o r e  :  M o t i l e
P P A R - S u b s u r f a c e  d e p o s i t  f e e d e r :  M o t i l e
C - S u r f a c e  s u s p e n s i o n - d e p o s i t  :  D i s c r e t e
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Tab Ie  3 -11 ( C o n t .  )

GROUP 3

C-Su r face  omn ivo re -depos i t :  Mo t i l e
PPAR-Subsur face  depos i t  f eede r :  Mo t i l e
P -Su r face  ca rn i vo re -omn ivo re :  Mo t i l e
P -Su r face  depos i t - de t r i t a l :  D i sc re te
P-Subsur face  ca rn i vo re -depos i t  :  Mo t i l e
0 -Sur face  ca rn i vo re -omn ivo re :  Mo t i l e
P -Su r face ,  suspens ion -depos i t :  D i sc re te
PCAP-Subsu r face  depos i t  f eede r :  Mo t i l e
0 -Sur face  ca rn i vo re -omn ivo re :  D isc re te
C-Su r face  depos i t - de t r i t a l :  Mo t i l e
P-Sur face  ca rn i vo re -omn ivo re :  D isc re te
M-Sur face  ca rn i vo re -omn ivo re :  Mo t i l e
P -Subsu r face  depos i t  f eede r :  Sess i l e
C -Su r face ,  suspens ion -depos i t :  Sess i l e
P -Suspens ion  f eede r :  Mo t i l e
M-Su r face ,  suspens ion -depos i t :  D i sc re te

GROUP 4

C-Su r face  omn ivo re -depos i t :  Mo t i l e
C -Su r face  depos i t - de t r i t a l :  Mo t i l e
M-Su r face ,  suspens ion -depos i t :  D i sc re te
O- Sur face  carn ivore-  omnivore
M-  Sur face  carn ivore-  omnivore
P-  Sur f  ace  carn ivore-  omnivore
O-  Sur f  ace  carn ivore  -  omnivore

C-Sur face  omn ivo re -depos i t  :
C -Su r face  depos i t - de t r i t a l  :
P -Su r face  depos i t - de t r i t a l  :

M o t  i  1 e
M o t i l e
M o t i l e
D i s c r e t e

PPAR-Subsur face  depos i t  f eede r :  Mo t i l e

GROUP 5

C-  Su : ' f  ace  omn ivo re -depos i t  :  Mo t i l e
P-Sur face  ca rn i vo re -omn ivo re :  Mo t i l e
P-Subsur face  ca rn i vo re -depos i - t  :  Mo t j - l e
O-Subsu r face  depos i t  f eede r :  D i sc re te
O-Sur face  ca rn i vo re -omn ivo re :  D isc re te
PPAR-Subsur face  depos i t  f eede r :  Mo t i l e
M-Su r face ,  suspens ion -depos i t :  D i sc re te
PCAP-Subsur face  depos i t  f eede r :  Mo t i l e

GROUP 6

Mo t i l e
Mo t  i  1e
D is  c re t  e
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Table 3-t3 '  18 ra stat ion groups to which the sampres f , rom each
su:nrey were assigned. See Table 3-1b for dominant
speci 'es in each group.
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SURVEY DATE
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13NOV79
04DEC79
27DEC79
O4FEBSO
20!,tdR80
07-4,?R80
25APR8O
201a4,Y80
O9JUNSO
30JnN80
t6JUL80
O4AUGSO
26AUG8O
t5sEP80
17N0V80
26JrrN81
15SEP8 1
01DEC8 I
OzMAR82
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I4JAN83
11!t{R8 3
23JIJN83
29 SEPS 3
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1 q
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enc losed  w i th  so l i d  l i nes ,  and  i n te r im
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