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SUMIVIARY

Tbe snrdy of large benthic isrrcrtcbrates forrnd in kelp foresE began in &e

fall of 1980. Ten Before (preopennonat) and eight Aftcr (opcrational) survrys

w.ere condgcted at for stations The two imFaet stations were appruimatcly 500 m

ard 15 km from the diftrsers, within the San Onofre kelp forest (SOK). Two

stations were locarcd far enoggh from the San Onofre Nuclear Crenerati4g Station

(SONGS) so tbat inpacts from the pm'er Ptant were ctpest€d to be rninirnal.

Honwer, one of tbese potential control stations (BaJn kelp forest = BK) was not

gsed in our primary analpes because giant kelp dedined to nsar zero abundance

tbere at &e beginning of the sndy. In addttion, the substrarc at our Pdnary control

(Sar lvlateo Kelp forest = SMK) and at SOK consists of obbles in a sand matr8

while onsotidarcd reef predominates at BtrL

Most of the species for which we were able to make a determination of

SONGS' effeets were gestropod molluslsso and tbere was a general dedine in tbe

density of these qpecies in SOK (relative to their density in SMK) after the SONGS'

UniA 2 and 3 begaa operatiag This decline was largest at the station dosest to

SONGS'diftrsers, in the upcoast portion of San Onofre kelp foresc The most likely

mechanisms underlying the observed enanges are cbanges in habitat caused by loss

of kelp and nnderstory algac, and an increase in se.ston flux and sedimentation One

of the strfting changes dudng the After period was the accumilation of relatively

fine sediment with apparently cohesive properties in situ at the uPcoast station at

San Onofre. This sediment was first seen in the fall.of 1985. Ia spatial distribution

and the t'rning of iu appeamnce suggest that it may be reliated to the operation of

SONGS Unia 2 and3 (Final Technical Report B).
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L INTRODUCTION

Here we report on the efrects of the opcration of Units 2 afi3 of tbe San

Onofre Nuclear Creneratiqg Station (SONGS) on populations of large benthic

iwetebrates in the San Ono&c kelp forest (SOR. The field work was carried out

by the Kelp Forest trm'ertebrarc Project=KlP (University of Southern Califonia).

Over the course of the project, Drs J. Kastendiek, J. Dixon and S. Scbroercr ac'ted

as principal or co-principal iuvestigators. Lfte E6t kelp forests in southera

California, San Onofre conained a diverse goup of plants ssd anirn4ls, including

hgndreds of qpecies of bentbic iwertebrates Among the latterwere qpecies of sport

and commercial importane (e.g, abalones, lobstcrs' sea urqins' and sea

qrcgmbers), and those of firnstional iryorance in stnrcturing the kelp bed

community (e.g, sea ure.hins and sea stas). The species composition of the targe

benthic im'ertebrates seen at SOK did not appear especlatly uslsual in comparison

witb tbat seen in otber southern Catifornia kelp beds (Dixon a at. L9S8).

Thirty€ix qpecies of im'ertebrates were cormted in non-trivial numben (Le.

at least four animals (0.1/El one time at one of tbe four stations). Species chosen

to be counted 1) are charactcristic of kelp forests in southern Californie and/or 2)

have beea shoum to influence the strucnrre and dpamics of kelp bed communitieq

and 3) can be cormted easily by diven in the field under conditions of relatively Poor

visibility. Small sessile im'ertebrates, which form a turf on menV hard substrarcs

(nr& as bryozoans, hydroids, and spoqges), are diffiqrlt to reliably identi$ in tbe

fie1d and are Dot included as part of this sardy. Serreral targer species of sessile

imrertebrarcs were counte4 howerter.



Of the 36 species that sometimes exceeded O.L/d,16 were rare (as defrned

insestion 3.A) on most surv€ys. In this reportwe evaluate the effects of SONGS oa

the remaining 20 species that were relatively common at the TrrT'act stations during

&e B€fore perio4 along with frve pooled g5oups of species constinrting larger

taxouomic gloup$ and thereby including the rarer species. The pooled groups

anat12ed were (1) all snails, (2) non-mricid mails, (3) nuricid snails, (4) sea

urchins, and (t (targe) sessile iwertebrates. Muricids (Amny Mudcidae) are small

predatory and scarrenging snail$ We were able to Evaluarc the effects of SONGS

statistically on all b'ut one of these species groups; we could not do so for sessile

invertebrates becagse of violations of the statistical assuoptions of our procedures

rN discustred belorr in the Methods. The natural history of the kelp forest

iwertebrate species are rerriewed in Dixon et at" (1988), and relevant bac.kground is

included with the Results

Of thc species of sport and commercial interest [Abalones (Haliotis spP.)'

lobst€,ts (P@atltus tntanpAs), crabs (CoEq spP.), and red sea urchins

(Snongl*atotus fra*csas)], all are harvested locally, and were therefore

excftrded from the analysis. With the exception of red sea urchinq all are also

normally too r"re to be effectively saopled otr a continuing basis.

Of crucial iryortance to the sady was the seleetion of the stations at which

&e species were monitored- Ideally. the Impact area aod the Control areas to which

itwould be compared would differ only in the iryact Such a sinration rarely exisu

in nange. In the vicinity of SONGS there were only tbree more or less persistent

giani kelp forests (Hnal Technical Report K). Besides San Oaofre, there were the

San.tvfareo kelp forest (SMK) and &e Barn kelp forest (BR (Figure 1). Despite

somgr differencrs in bottom composition and reliei we chose these latter areas as



Control statioos. The rse of two widety spaced Controls was inrcnded to estimarc

natgral variability on the scale of sweral kilometers. Unfornrnately, the giant kelp

popglation at BK declined to near zero during the first year of our snrdy' and did

not reestablish itself througb the end of the sndy in 1986. The loss of thb giant kelp

forest may be related to a very local iocrpasc in sedimenration by sand during the

197&1980 period (Finat Tecbnical Rcport K). Consequently we do not use data

from this stationin ourprimaryanalpes. Hm'wer, qualitatively sinitar conclusions

are reached when this station is included in our asal]'scs (Appendix A)' In addition'

the nrbstrarc charasteristis at our prinary control more dosely matc.hed those at

the impact station, consisting of cobbles in a sand noauix rather than consolidated

reef as was the case at Barn kelp forest Sable I, for ftrrther Disstrssion of these kelp

forests see Final Tecbnical ReportK).

Ttvo stations were establiSed in the San Onofre kelp foresc The cooling

waters from Units 2 arrd 3 are discharged from a scries of ports uPaoast from the

kelp bed. The two stations were placed under the kelp canqPy, one station as close

to these diffrrser ports as possible, &d the second as far away as possible. This

design was intended to provide a rougb estimate of the distane over whie,h tbe

coolingwater As*arge had an efiect

The sampling design approxinates the Before-After/Control-ImPact-Pairs

(BACP) design discussed in Interim Technical Report 2 trrd by Steuart0arct a al

(1986), but differs in that we had trno Impact stations. Re,plicate samples were taken

tbro.ugb time both Before and After Unis 2 ztd 3 began operating. For each

species or species group, the difference in density between tbe Control station asd

each of the trro rrnFact stations was calqilated for each srnrey. If the Power Ptant

had no effect, one would expect that the average difference between InTract and



Control stations would be the sarne after Unia 2 and 3 began operating as before.

In this report \re use the test sf this hypothesis to evaluate SONGS' irnpact on the

abnndance of ketp forest imrertebrates.

L



E FIELD MEIIIODS

2.1 Station Locations and Configurafion

The snrdies rcportcd herewere done in kelp fores8 in northern San Diego

Cormty, California (Fig 1). Four monitoring stations were established in Fall 1'980.

The station nearest tbe Units 2 and 3 difrrse,rs was e.hosa to be within the area

predicted to be most afiectcd by the operation of Units 2 znd 3 (Murdoch 4 al.

1980, see Fig a SOKU). A seoond Tmpact'station was located firther doumcoast

in the San Onofre kelp bcd (SOKD). Distant Control stations wete tocarcd in the

San Marco kelp forest (Figure 3, SMK), and in tbe Barn kelp forest (BR. As starcd

prwiorslywe do not use datafromBKir ourprimary anatyses.

The stations were plasd in about the same deptbof water (approxinarc$ 1a

mercrs) in locationswhere dant kelp had beenplesent prior to tbe.beginning of the

sftdy. SMK was thougbt to be far enorg! au/ay from SONGS in the uPcoast

direction so as not to be afrected by the discharged coolingwarcr. All stations were

located on hard nrbstrates at least t0 meten &om the nearest sand plain

Each station consisted of a sgr&ce buoy anchored by a metal Plate which

marked the origin of four 4Sm transects (orienrcd at 35o, !25o,zlso,and 305'). The

transects were marked with 1/4-inch steel reinforciqg bar stakes. Ten permanent 1-

m2 quadrats were positioned wery4 rneten aloqg each transect

2J Sampling Schedule

By May 1.983, Units 2arrd3 were pumping water at rates near the levels they

are expected to operarc at over tbe long-rcrm (but see Disctssion). For the analpes



pr€sented here, the period from October 1980 tbrough the end of April 1983 is

considered to be the Before'period. Eleven Before sun'qs were done during this

geriod at two to four month interval$ Since the species that were monitored tend to

bc long-lived and to recnrit sporadicaltn we &ougbt there should be a time lag

between the start of normal plant operatioa and the beginning of the "Afterr

(operational) period. We therefore designated the period from the beginning of

lvfay 19&t to &e beginnbg of Ostober 1984 as the Tnrcrim" period &ring which

sampting freqneacy was reduce4 and only fivo $rveyc were doae. The period from

thc beginning of Ostober 1984 to the end of December 1986 is considered the After

perio4 during which eight quarterly suryeys were done. SONGS' operating

characteristics during each of thesc periods ar.e Presented in Table Z

Thc frrst survcy of the study was not used in our analyses becarse methods

wcrc sti[ being dweloped and freld technicians were still being trained. Data

collectcd edng thc two sunc,ys in the Int€rin period are also not tsed in the

analyses pr€sented here.

a3 SamBlingProtocot

In addition to the target species whose individuals were counted througbout

the serdy, itrdividuals of trrelve ncw species of snails were counted beginning on the

next to last nrve,y drlring the BeforE period. Tbis was possible because of the

increased eryerience of the freld crew by that tinc.

In order to avoid disturbing the sessile species, the quadrats were sampled

nondestnrctively; Le, only those aninals on the $rface of the nrbstrate were

counted. Aoinals which could esc:rpe out of the quadrat were cor:nted frrsq those

which crawled into the quadrat after the census began were not coutrted. Althougb

6



it is possible (wen lilcely) tbat the proportion of the iwertebratcs that was exposed

varied seasoaalln or througb timc for other rcasons, we have no reason to €xPest

that this proportionwould change differently from the Before to After periods at the

differcnt stations. Thus, nrch temporal e,hanges in behavior night decrease our

pos'er of derccti4g effects, b'gt would be unlibty to produce biases.

Training dives were Eade before all but one $wey. Training was done in

SlvIIi which was considered the most difisult station due to $s high divcrsity and

abundance of im'ertebrates Several quadrats were randomly chosen from the

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

to staadardize methods used ry each diver ering earh survey. Afrcr the training

dive, cormts were compared to tbose of tbe field leader, sanpling techniques

discusse4 and another set of quadras unas saryled" This was rcpeated two or tbree

tines, in order to ensre tbat atl diwrs were saryling in &e salrre rnenner.

In Ostober 1985, patches of fine anomalors sediments were first seen-

Thereafter their presenoe was periodically mapped in the fiel4 and samples were

ollected for laboratory anal]'sis (Final Technical Report B). The presence/absence

of this nem' nrbstratc type uras recorded for eacih kelp foret im'errcbrate sample

quadrat beginning in Oetober 1985, the frst sun'ey on which it was Dotcd" Tbese

sedinents were distiaguisbed from other sediments tbrough a set of freld rcsts

described in Final Tecbnical ReportB. These freld tesa identified this sediment bY

its apparently cohesive nahre (for exanple it ould hold a divers hand Print while

other sediments within the kelp forest could not). The sediments identifred as

anomalors in the field differ from other sedimene in the areia. The organic content

of these deposits ;s ?righer tban surounding sedimens, and they are generally finer

than the s-nds at the sane depth in and around SOK (Table 3, see Final Technical



Report B). In grain size and organic content they were similar to the sediments

found in 30 m depthq about 1 km ofbhore of the kelp forests (Table 3). The timing

of their qppeanrnce (after SONGS began operating) and the location of these

deposits (found primarily at the station closest to the diftrsas), it seems possible

that these frne deposits are relarcd to the operatioos of SONGS Units 2 atd3 (Final

Technical Repon B).

I



3. ANALYSES

All programs rsed to do anab,ses, and to PrqPare tables and frgureq are

lisrcd in flo$' charts itr Appendix B. The prograns implemented before Jaruary l"

1988 were saved on the tc,port" rlisk of the Kelp Forcst Im'errcbrate Project

follm'ing procedura outlined in the MRCs Data Standards Document Clltan

19SS). New programs irylanented for this lsvised version of the te'Port have been

sarred on a read only disk space on the Univenity of California at Santa Barbara's

rnainfrarne coryuter rysten, and copies of all these progr-ass witt be saved on taPe.

We test for an inpast of SONGS Unis 2 and 3, and estimate the size of its

effests, rsrng a modification of the BACIP procedure outlined by stewan-oaten

(1980. Basicalty, our approach is the sasc here as in the other MRC shrdies

(Interin Technical Report 2). Sle calcularc the "delta' (the mean differene

betrrecn tbe density (usually log trandorned) at bnPast and Control stations)

during periods both Beforc and After Units 2 atd 3 became operational 
'We rcst

vrhether, os 3rrrellage, the size of the deltas n'as different betrn'een the Afrcr period

and Before perio@ and we use the size of the Before to After c,hange to estimate

the percentage increase or decrease in abundane that aould be attriburcd to the

operations of SONGS Units 2 znd3.

Our implemeutation of the BACIP desigp ireeds to take into account some

qpecial attribnrtes of the Kelp Forest Iwertebrate Snrdies design Firsq we have two

potential Control station$ locarcd in Bata and San ldarco kelp forests. During the

design pbase of this sardy both kelp forests were pemistent, but nearly all kelp was

Iost from Barn kelp forest prior to the first sample date in Nwember 1980. We

therefore excluded the station in Barn kelp forcst tom our primary analFes' and



nsed only the San Mateo kelp forest station as a Control Analfes in Appeudix A

show that our general conclusions do not depend upon the exclnsion of the Barn

kelp forest data In addition, the nrbstrate at San Mateo kelp forest, like the

$futrate at San Onofre kelp forest consist of cobbles in a sand matrh while the

substrate at Barn kelp forest consists of mrch Eore consolidated reef (Iable 1, see

Final Tecbnicat Repon K).

Jnst prior to the nert to tast sunrcy {rulng &e After period a large moving

aggregatioa (termed a front) of red sea urchins (Stongttocatottts ftuciscoas)

iwaded a portion of SMtrL Fronts of sea urchins are knoum. to have tremendots

effects on invertebrate communities (Eb€rt tng), and tbe front i! SMK probably

affected the abqndance of some imrertebrates. We therefore exclude those impacted

qr6dra13 from orrr calctlation of the m€an density at each station during ft6 frnal

t\ro surveys. auadrars that were inpinged by the sea ur&in front were determined

fromfreld notcs and naps Eads bytbe Kelp Forest Im'ertebrate Froject

In addition to mrltiple control stations, our desiga also differed from the

strudard BACIP by halring trro, rather than sa6; inPact stations. These impact

stations wsre ap'proxinarc$ 5ff) and 1500 meters from the diftrsers, and thts

relativety stationary im'ertebrates would not necessarily *perience the same

magnitgde of iryact'at the two stations. This enables us to samine not only

whcther the density of kelp forest iuvertebratcs was affested by SONGS Unis 2 arrd

3, but also whether these effects were larger at the near than at the g4i rmpact

statioa One way of approaching this analysis would be to do three sets of BACIP
' 

tcsts. We could frrst compare the near T-pact with the Control, then the far Trnpact

with the Control, and frnally we could use the g4j lrnPact as a Conrol for the near

TmpacL The frrst trpo crrnparisons would test for SONGS impaca at each station



individually. A significant result in the third comparison would indicarc a difrerence

in the size of the effeet at the fipo iryact stations Instead of this set of tbree

separate tes6 we test for SONGS effects rs'ng a.unified model \ile calculate the

'deltasn for each of the Impact stations using SMK as the Control This delta vector

(of lengtb trro) was then srbjected to ircpcated Beasures Al'fOVrr^" (e'9 Vliner

Lnl)withstationbeingarepeated(orwithinsrbject)naincfrect,andperiod

@efore or Afrcr) beiqg the otber main efiect Otrr'subjects" here are the suryg|6.

{ main efieet of period indicates that on average (across tbe two InPact stations)

there has been a net effest of SONGS. A significant inrcrastion between period and

station indicates that the trro Impact stations were afrected to a different extent or

in differeut directions. 
'We 

do not report tbe results of tests for station effests. A

rnain effeet of station is of tess iarcrest in the context of this reporf since it merely

indicarcs that there are diffcrenoes in avcrage density at tbe trro impact stations

overthe entire period of the study (arid not tbatthese differences chaqged after the

pos'er plant began openfing).

In addition to repeated measures BACI analyses we used the BACIP t-test to

coryare two Control Sations (S}"ff( anC Aanl in ancillary analyses reponed in

Appendix A.

3.1 Details and Model Specificafion

3.1.1 Repeated Measures Model

Our rePcated measures model can be eryressed as:

d,i.= p, + S, + T, +PS(ij) + e* where P is the period efrect, s is the station effect'

T is the time effect associated with a particular survey, PS(I"D is the effect associated

with the partiailar combination of period i and station j (te. an interaction), and e is



the error terul There is some disagreemeut in the literature on whether it is better

to analpe strch nrepeated measresn data rsing nnivariate or multirtariate tes8,

however with a vector of deltas of only length trro (le. with nro InrPact stations) the

trro methods are ideutical (IaTour and Miniard 1983). Thus ou ana$sis is

equivalentto astandard univariarc split-plot anal)rsis of 'rariance, where Periods are

tbe whole plots and surveys are the qplit plots (e.g Milliken and Johnson 1984).

3.12 Choosing a Trznsformation

The validity of our re,pearcd measures analyses (and our ancillary BACIP

analpes) depends upon sweral assuoptions, and we test for violations of the most

cnrcial of these. Orrr prinary assuryU,on tests are for additivity, lack of serial

cotrelations in the deltas, and lack of temporal trends in the deltas in the absence of

an lnpact of SONGS. The details of these assumption tests are described in Interim

Technical Report Z Because we use data from trro Impact stations in a single

aralysis we need a single transformation for three stations simultaneously. To

impleme,nt the re,peated measres test we required additivity o4 and no trends in

the deltas, Thesc assumption tese were done for one Control-Impact pair of

stations at a tirnq as described in Inrcrim Tecbnical Report 2. The station pairs for

which we ran 0111: assunption tests werq near Impact€ontrol, g3i TmPact'Control

and near Impact-Far rmpad

We started with an a prbri erpectation of a mrltiplicative model, and

atteryted to indnce addittvity (perhaps the most basic assumption of the analysis)

E rs'"g log trarsformatious Becase we sometimes enconntered zero values and

tbe log of zero is undefrne4 we needed to add a contrtant. SIe chose a constarlt tbat

re$il8 in an additive model Our frrst cboice of a constant was 0.025, the smallest

possiblenonzero station mean- If this constast failed the assumption test$ we &en



considered sequentially larger constants, scaled by percentiles of luimpaEted

abundanes" @ooling Control and Inpact_in the Before period with the After data

at Confrol). We considered the L 5, 10,25,50, 75,95, and 99th percentiles, as well

as the meaa of the 'nirqracted abundances as possible constants. Becase more
I*han one constant night indue additivity and we select amoqg tbese by the a Priori,

btrt somewhat arbitrary nrle of pic;king tbe snallest satistactory constant (Le. one for

which none of the assumption tests produced significant (P<0.05) !e$Its). In some

cases there was Do constant that passed all tbree asstrmption tcsts. In these cases we

used the smallest constant that satisfied tbe additivity and no trends assumptions,

wen if it failed on the serial orrelation tesL In carcs where no constant satisfied

both the additivity and/or trends assumptions, we used a constant of 0.025. In this

case, we present renrlts gaphically and catqrlate percentage changes' but do not

report the resule of the repearcd measures t€st. All thesc assumptioa tcsts are done

only on the Before data because efiect of the power plant can masquerade as

violations of assuoptions during the After pcriod. 'We note witb our results cases

where there was serial correlation In cases where data are arailable from only two

surve]rs in the Before period no assrmption tests were done (these would have

involved regressions througb ts'o data poins), and the data were log (x+025)

trasformed"

We present anat]'ses for qpecies that were chosen as folloun" First, we

seleeted those species which were present and counrcd at least once at one of the

trn'o Impact and at one of the tno potential Control stations during at least two

Before (preoperational) sunrys lVe also reguired that the sPecies have a mean

abundance, at one of the stations in the San Onofre kelp foresg of at least 0.1/d on

at least one survey duriqg the study. This is equinatent to a total of four anirnals 3l

a station The species meeting these abundance criteria are listed in Table 4.



Specics were excluded from the repeated measures anatysis which were absent

dgring the entire After period at both stations of any of tbree possible station pain

in the pri6ary 
"i"fy$r 

(le. SOKU-SIvII! SOKD-SIv!Iq SOKU'SOKD)- In these

sls€xr it nas still sometimes possible to estimarc percent change in abr:ndance at

SOKU and/or SOKD if abundances wcre sometimes not zero at both SMK and the

appropriarc SOK station Species for which rre were able to estimate Percent

change for at least, one impact station are indicated in Table 4. Auy of the species

satisfying the criteria for calculatiou of percent change in abnndance at one or more

of the SOK stations were thea srbjected to tests of the assumptions underlying the

BACIP analysis"

In the aborre disctssion, and in the Renrlts we use nspeciesn to indicate the

lwest tmnomic lwel at w'hich individuals were identifred. In some cases several

E€mb€rs of thc same gesus are included in such a category,when they were not

consistently distingtrished in the freld-

3.13 Pernrbations Umelated to SONGS

During the course of our study two wetrts occrrrred which were unrelated to

the operation of SONGS butwhich could c:u$ie period by station interactions in the

abundance of some echinoderm species. Itr 1981' and especially in 1983 and 1984' a

series of epizootics sinilar to tbe episode obserrred in Baja California @ungan a aI

1gg2), virfirally elimitr3td shaltow water sea star populations in the southera

California Bight (fegner and Daytou 1987). Since densities of sea stan; were

initially *r: than tro fold higber h SOKU than in Slvflq the decline to low

deosities at all stations (Table 5) would lead to an estimated relative reduction at

the SOKU station A secold pernsbation gnrelated to SONGS was the commercial

harvesting of red sea urchins. Red urchins were initially more abundant at the



Control station in the San lvlatco kelp forest tban in the San Onofre kelp forest

(fsle 6). F{anesting uns heaviest dudqg tbe Interim period By late 1984,

fishermcn colld no longer find wficiently ,dense populations in SOK to make

harvesting economically (See diseussion in Final Technical Report K).

Howwer, dense populations were still found at StvIK, ufrere harvesting continued.

We harre uot included sea start or rcd urchins in our asal'6is because of these

swere perarbations All other species were analfd rsmgthe rcpeated measures

approach if thcy met tbe abrmdance and statistical criteria described above.

3.1.4 Statistical Pmrer

Statistical power is the probabitity of derccting a significant effect wben tbe

urll hypothesis of no effect is false, and a partiarlar (qpecified) alrcrnative is tnre.

Ponrer depends upon rariability among the saryles, tbe qrmber of saryles taken'

and the partiarlar alternativc b;pothesis that is specified" Pos'er is of paaicular

onoern for the kelp forest iwerteb'rates because masy species werie on$ sampled a

few times during the Before period" \ile chose to evaluate tbe power for detecting a

50Vo deeline in density. at tbe near Impast station, as detected by the Period x

Station inrcraction iT the repeat€d measures analysis. This is eErivalent to the

pon'er of detectiag a 50% reduetion in density at the near Impact station relative to

tbe far T"'fast statiou rsi'g the BACIP proe&rra

3.15 Evidence of an Effect of the Porper Plant

our repearcd measrres test qraluates whether the differences between the

abundance of organisms at the Control and the avenge of the ts'o ImPast stations

changed after Unia 2 and 3 began operating (the period effect), and whetber tbe

rrrrFa6 - Control changes difrered in size between the two Impact stations (the



period x station effect). We take a statistically signifrcant renrlt for either of these

effests as evidence that SONGS has affected the density of the organism in question-

Otrr inference of a SONGS effect is greatty s;trengtheaed in cases where there are

plagsible mechanisos by which SONGS could produce the obsenred changes, and

weakened by the existence of probable causes unrelated to SONGS.

32 Pototial efiects of anomalous sediments

Dring the After period there was a marked increase in anomalous

scdiments (see Section n) atthe near Inpact station and srrrounding ireas (Table

7, see Final Tecbnical Re,port B). Bccause changes in substrate could reasonably be

expected to affect the abundance of bentbic ?nimelc, the origin of the sediment and

the calse of its deposition in the kelp forest inmedirarcly becane topics of inquiry-

It seens possiblc that this substrate is relarcd to the operation of SONGS Units Z

and3, and thle atopic still underim'estigatiotr as this report is bcing prepared (Final

Technical Repon B).

In the qrnt€Ft of the kelp forest iwertebrate studies tiere is no way to

corytetely isolate the effects of sedimeuts from possible effects of SONGS which

are not direstty related to sediments. Horrwer we wete able to explore the effects

of the sedimcnrs at thc n€ar T-Pa,ct station by comparing 'impacted" and

\rnimpacted quadrats Before and After the sedimentation Eveat trsitrg the BACIP

proceAra This test should conrrol for most porcntial SONGS effests unrelated to

the sediments, because &e quadrats are close to one another (all witbin an 80 m x

80 m ae), and thrs should experience rougbly the sane exPosure to SONGS'

efluents. We defrned tnpacted quadrats as those which had acy anomalow

sediments on asy surr/€y. FrouOstober 1985 untilthe end of the sady' anomalous
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sediments increased dranatically at thc near Impact station (SOKU), coveriag more

thon 40Vo of the sample area by tbe last survey (fabte 7), and being Present to some

extent on9}Vo of sample quadrats" In order to leave a reasonably large unaffected

saryle area, we excluded data from this last survsy in our analyaes. Evenso, the

daa are sparsc becarse we have u&en thcm from a single station and partitioncd

them into two carcgpries, and because there were at most four wrvgn in the After

period used in this anal]6is (te. after October l" 1985). For these teasoDs we

present analpes for major groups (e.g mlricid snails) only, and not for individual

specics \ile test for effects on total sea star abundance as well as the otber pooled

groups used in our repeated measrres tesL Because irrfacted asl unimfacted

quadrats are in the same area and had sinilar a\rerage densities prior to OEtober

1.985 (Unimpacted: mean = 0.86/d, S-E" = 0"19; Iryacted: mean=0.80/a',

S-F-=0.17), the disease went does not onstinrrc a potential onfounding effed in

our tcst on sea stars herc, as it did in the overall aElysis.
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4. RESI'LTS

Twenty qpecies wers nrfficiently abundant to warrant statistical testing to

determine whether relative declines in abundance occtrred at the Tmpact stations

aft€r SONGS Units 2 afi 3 began operations (fable 4; see Section 3). In nine

cases, because of violations of statistical assurytions, or becatrse of rarity at the test

stations, we only re,port estimated changes in relative abrmdance, 8rd Present the

results graphica[y. In addition to tcNrts on individual sPecieq tests are also done on

4 rnrrnb€f,' of major groups nrch as 'totd snails'. For each test species and group we

have evaluarcd teryoral patterls in the differences betweea stations (Impact '

Control or deltas) both graphically and by linear regression against time. We also

tested for tbe effects of anomalous sediments on the major Foups at the near

Iryast sation (see Section 32).

41 Gashopod Mollusks (Snails)

There was a general decline in the abundance of gastropod mollusks at the

Impact stations in the San Onofre kelp forest relative to the Control station in San

Utatco kelp forest (SMK). As a grorp, snnils dedined markedly (in excess of.70Vo)

at both lnpact stations in the San Onofre kelp forest relative to SMK after SONGS

began orperations (Fig aq Table 8). The relative declins in snail density averaged

orrer the fipq TmFact stations (ia the ?eriod" efrect) was statistically signifrcant

(fable 8), but the somewhat greater decrease at the nsar Iryact station (SOKI'I)

than at the far T-past station (SOKD) was not statistically signiEcant (Le. &e period

x statiou interaction was not sigpiEcant). The failure to detect a signifrcant

iDterastion may result from the very lor power of the test (Table 8). The average

relativs decline results &om a decline in mean snail density at both TrrTnct stations,



together with an increase in mean snail density at the Control station (Fig  a).

There was a tendeugy for the density of snails to decline tbrougb time during the

Afterperiod at the T-Fagt stations relative to the Control station, withaparticularly

sharp drop at the end of the After period (Fig 4a), and the linear trends are nearly

significant (fable 9). Bccause the combined snail gfoup was evaluarcd during ouly

two survqn dud4g tbe Before pedoq tlends in that time period eanlot be

c\aluatcd"

BACI repeated measures t€sts on both the non-mrricid and muricid snait

srbgroups shorred much the same pattctrs as were seen for total snails (fable 8,

FigS. ab & c). There was a significant or nearly siflfrcant decline in density of botb

grcups at the rmFact stations (fable 8). The percentage decline was greater at the

near Inpact station than &s far Iryast station in both cases' btrt the period by

station inrcraction terns were not statistically significant in either caser although the

inrcraetion was nearly significant in the case of aon-muicid snails. Again the

interaction tess had low ponrer Cfable 8).

Temporat trends in the Afte,r period differed between non-muricid and

uricid snails" For botb Inpact stationg the Impact€ontrol differences decreased

signiEcantly tbrough time druing the After period for non-muricids (Table 9, Fig

4b). In contrast, mtrricids were generally scarosr at the rrrF36 stations relative to

the Control during the Afrcr period but showed a SarP inaease at the Impact

stations relative to the Control station during the second to and next to last survrys

in 1986 (Fig rlc), and tbe overall trends during the Afterperiod are positive a.ud not

statistically signifrcant (Table 9).
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The large declines at the TrrT.act stations, and &e larger dedines at SOKU

relative to SOKD seen for alt snails as well as the Euricid and non-muricid

snbgroupq are seen in most of the individual species for which we are able to make

a detcrmination 
'We 

estimated relative percent change in density during the After

period for 13 qpecies at SOKU. All U, shorred declines, 11 of which exceeded 5074

(fable 8). For 11 of the 13 species we \rere able to estimate Percent change at

SOKD. For 10 of &e 1t there was also a decline at SOKD (Iable 8). The

percentage decline at SOKU walr greater than at SOKD for nine of ten qpecies

showing declines at both Stations, and ooc "species" (Callitt*otna sPp.) declined at

SOKU but increased at SOKD. These patter8s are $rpPorted by statistical analyses.

For eigbt species we wete able to conduct a repeated n€asnres analyses: in alt eight

qui€xr eitber the main effest of period, or the inrcraction of period x station was

significant (p<0.05) or n€ar significance (P< 0.15, Table 8).

Theresults forindividnalmail species are given in grearcr detail below.

Astraea undosa

The abundance of this snail trended (negatively) dtring tbe Before period at

SOK relative to SlrdK, and the deltas were serially correlated (Table $ Fi& ad).

Thcrefore no statistical test was done. Efowwe,r, there \pere large declines in

relative deusity at the T-Fact stations, with the larger decline at the near Impact

station (fable 8). Althougb this panern suggests a SONGS effect, the temporal

trends in the Before period deltas raise the possibitity tbat these declines simply

reflect a trend that began Before SONGS started operations.



Calliostona sp,p.

These tochid gastropods 8re omnivorcs that are often found on giant kelp

and other algAc in kelp forests !!e animels induded in this category are mostly

Calliostona $Wgtupsun4 
'but 

also some C ilorimn asd an occasional C

omiaan Initiatln &IIiWona was most abundant at SOKU, the near ImFad

station They declincd at SOKU aftcr the onset of SONGS operations, whereas

populations at the SOKD (far lryast) and the SMK (Contro.l) stations increased

somewhat (Fig; 4e). The changes in density restrlted ia a significant period x station

inrcrastion in the repeat€d ursasures BACI anal'Eis Cfable 8). Atthoug! density

appears to be declining at SOK relative to SMK througb the After period (Fig. 4e),

&e temporal trend is nonlinear (showing a sbarp drop near the end of the After

period) and is not statistically significant (Iablc 9).

Comrs californians

C.oras catiforniss is a predatory snail common in kelp forests that is often

associarcd with kelp holdfrstso perhaps because that is the bome of their prey (SCS'

parcrul obsqvaion) These snails were most ahrndant at the stations in tbe San

Onofre kelp forest druisg tbe Beforc perio{ and within SOK tbey were most

abundant at SOKU (Fi& 4f). Durfury the After perioq populations in SOK declined

slarply relative to those in Slvtr, with tbe decrease being more Pronounced at tbe

SOKU station (Fig. 40. These rcmporal pattems show up as a highly significant

effect of period and a nearly siglifica$ period,x station interaction in the repeated

measures BACI analysis (Table 8)"

Tbere was a stight (nonsignifrcant) tendency for the deltas from both Impact

stations to decline linearly with time during the Afrcr period (Fig 4f, Table 9)-
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There was also a negative but statistically nonsignifrcant trend &ring the Before

period. In view of the low porerof'the test for. trends in the Before period (with

only frve nweys) we cannot reject the possibility that the BACI resrlt may reflect

the coatinution of atemporal trend fromtheBefore period-

Crassispira semiinfl ata

Ct71;.*spn wtflaaoccured at relatively low deasitis at all tbe stations,

althougb it was most abudart h SOK. Dudng the course of our observations the

poipglationdensitic havevariedwidely and agmchronorrsly. Density at the stations

in SOK fell from the Before to the After period" The declines were greatest at

SOKU, while densities increased at SMK (Fig 4g). These changes rezulted in

substantial percentage declines in density at the Impact stations relative to the

Control (fabte 9). There war a sigeificaat negativc trend in the deltas at SOKU

&ring the Before period which weakens the case for a SONGS effect" and

prwcnted rye of the re,pearcd measnrqt analysi$

CYpraea spadicea

Sle were not able to do the repeated measnr€s anatysis for this species due to

violation bf statistical assumptions (trends and serial correlations). The percent

decline at both far and near Impact stations was greater tbaf 50Vo, with the greater

decline ocsuging at the nearer SOKU station (Iable 8). Tbese resuls stem from an

iscrease at SMK foUm'ing the onset of the After perio4 and smaller decreases at

SOKU and SOKD (Fig 4h). As with Corats,the presence of negative trends in the

deltas dnring the Before period raises the possibility that the losses are aot due to

soNGs.



Kelletia kelletii

Iktlaia lellaii is a large predator and scave4ger that is a conspianors

menber of the fauna in most kelp forests These snails were abudant at all the

monitoring sations dudng the Before pcdo4 but were slightly more mmeions at

San Onofre tba" in SMK (Fig;4i). Substantial dedines in relative dcnsity ocqrred

at both the Inpact stations (SOKU and SOKD), and this is reflegted in"asignificant

rnein cfiect of period (Iable 8). In addition,.the dedine was agpin more marked 8t

the nearer SOKU r-Fa,ct station, aod the period x station intcrastion is nearly

significant (Iabte 8). There is a general tendeucy for IkIIaia to decline througb

time at SOK relative to SI\dIq eqpeda[y during tbe last four After sun'€'ys (Fig af'

althougb the tinear trend is not signifrcant for any given station or period (Table 9).

The marked d€cline in the deltas seenat the cnd of the After period argues for a

SONGS'effegc"

Mitra idac

Mifrzidae tsa relatively abundant snail that was generally more numerorrs in

SOK thnn is SMK Within SOK is densityuras higbest in the upcoast portion of tbe

bed (Fig 4t. Dudqg the After perioq the mean density of. Mitz increased at both

SOKD and SlvtK, b'ut remained nearly.constant in upcoast SOK (Fig +i). These

temporal changes in density resulrcd in a large relative decline at SOKU and a

snaller decline at SOKD. The interaction of period x stationwas nearly signifissq

but the rn?in efrect of period was not signifrcant Cfable 8). Density at SOK trended

negatively (siggificantty or nearly signifrcantly) relative to SMK during the After

period Clable 9), largely because of a sharp drop at the end of the study (Fig 4j).
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Nassarius spp-

Because of iB scarcity at the far Impact station (a delta could be estimated

oc only one nrnrcy), it was not Possible to test for effects on this ge$rs' or to

estimat€ apercent redrction at the ftt ItP"a station We estimated a 36 percent

re&retioa of density at SOKU during the After period relative to SMIC Temporal

patterrs at SOKU and SMK are given in Fig ak'

Ophiodermeila :nermis

ophiodamellainaniswere only cormted twice furing the Before period and

were un6g1artro4 We estimarcd redgctions of 32.and 69 Percent at SOKU and

soKD, respectiveln dudng the After period relative to sMK (fable 8). The effect

of pcriod was significant and the period by station interaction was nearly so (Table

g). Dtging the Afterperiod,densities at the r-Fact stations relative to SMK aPpear

to bc dscti'ring (Fig 4q Table 9). For this spccies densities were similar at SOKU

a11d SOKD and were higber than those'at SMK druing the Before Period' The

density changed 
|* 

rt sol(u from Before to Afiler, but dedined at SOKD and

increased ro-.*ti.t at SlyItrL so that sMK and SOKD had similar densities during

the Afterperiod.

Tggula aureotincta

T?tIa areothdawere absent at SOKD in the Before period' and the'initial

densitywas high at soKU, and very lor at sMK (Fi$ 4m). As a consequence of the

low densities at wK and soKD, it was not possible to conduct a repeated

measures BACI test for thisspecies Efoworer, we were able to estimate the percent

rednction at SOKU, which exceeded 9074 (fable 8)'



Maxwellia gemma

In the Before perio4 Mstvellia gqnn a were counrcd on only two strlve)6.

At tbat tiAe they were prcsent at low densities at the Control stations and at SOKD'

bnrt were qtrite abundast at SOKU @g; an)" They declined at tbe IEPact stations

from Before to Afar, whereas the average abrmdaoe at tbe SMK Control station

increased (Fig an). These shifs in dcnsity restrlrcd in lower alletzge deltas duri4g

the After perio4 @g; 4n), relative reduetions in density at the Impact stations

exceediug 60Vo,a ncarly significant rnain cffeet of perio4 and asignificant period x

station interastion in the re,pearcd-measures analttis (Table 8). lbere were no

strong rcmporal trends in the deltas during the After period (fable 9).

Murcxiella santarosana

The densities at the Iryact stations dectined from the Before to tbe After

perio{ whereas the abrmdanes of thcsc snails increased slightly at the SMK

Control station (Flg 4o). As a result, the estimated per€ntage reductions in density

was Erite large (fable 8), and erren with relatively lor power ffos rnain effect of

periodwas nearly significant (fable 8). Tbere was some indication that densities in

SOK relative to SMK were incrcasiag lear the end of the After period (Fig 4o)'

altbougb the linear tcmporal trelds duritg the Afrcr Period were lot signifrcant

(Iable 9).

Pteropurpura festirra

haoprptm fativa were counted twie during the Before period" During

that time they occurred at relatively low numbers at SIvItrg but were guite abundant

in the San Onofre kelp forest (Frg +p). Abundaaces dedined at both Impact
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stations from the Before o the After period, while the average density at SMK

increased (Fig. +p). As a restrlt, the deltas were lover during tbe After period (Fig

4p), aod declines in relative density in excess of.TTVo from the Before to After

periods were estimated at both SOK stations Clable S). Statistical porer was low,

and the re,peated measurqt anal]'sis rerrealed no significant effects (Table 8). There

were uo clear linear temporal trends in &e deltas during &e After period (Table 9).

4Jl S@ Urchins

Sea urchins wcre generalty more abundant in SOK than in SMK during the

Before period- After the Interim perio4 densities were generally higher at all

stations, bnt had increased proportionarcly most at SMK and proportionately least

at SOKU (FiS 4q). As a result wG estimate a snbstantial reduction in density (in

cxcqs of,50Vo) at SOKU relative to SIUtrL There was a more modest and positive

&ange (apero:Crnatcty 8Vo) at SOKD Cfablc 8)" Thesc changes lead to a

siggifrcast interaction of period x station in the r€,peated measures BACI analysis

(fable 8).

Tbcre were sigDificantpositive temporat trcnds in the deltas for both Tmpact

stations dudng the Before perio4 and significant negative trends in the deltas

dudng the After Period (fable 9). Becausc the rcmporal trends in the Before

perioO are iB thc op'posite direction of the apparent (negative) SONGS effect, we

included the results of the repeated mea$r€s amlysis for &is groqP.

Resrla for the tq/o main species comprising this category (exduding red sea

urchins, see Metbods) follow.



Lytechims anamesrs

During tbe Before period white sea urchins were urors commort in the San

Onofre kelp forest than at SMK (Frg ar). Since 1983 there has becn an increase in

the density of whitc sea urchins at mrnf stations in the Southern California Bight

(fegner and Dayton p8A. In somc plaes, as at the San Onofre and San Mateo

kelp forests, this rcsulted in higher densities of tbese ure.hins inside kelp beds. rn

&e past they harrc been most 6mmon outside the kelp beds and in deeper water.

The change may be related to tbe decline of predatory sca stars due to disease

(Schroeter d a1.1983). At our surdy stations the proportional increases bave been

gearer at San lvfateo, and within SOK at SOKD (Fig ar). As a restrlt we estimate

fairly substantial relative reduEtions in density (gezrcr then 40Vo) at tbe SOK

stations. tlg rnain efiect of pcriod and the inrcrastive cffeet of period x station

were statistically signifrcant (fable 8). Therc was a signifrcant negadve cend in the

deltas during the After period Cfable 9). orr confrdence in these Pattens arising

becagse of the operation of SONGS is somewhatweakened both by the existence of

significant serial correlatio& and a signifrcant BACIP effectwhen the BK and SMK

(the tr*'o poteffial Control stations) were compared (Appendix A). In &is

comparison we saw a signifrcant increase at SMK reldtive to BI! adsi4g because

densities declined at BKwhile they increased at SMK

Strongylocentrons purpuratus

hurple sea urchins are generallymore abunitantat San ldateo thar iD SOK

(Fig 4s). This may be relarcd to habitat arailability. Purple sea urchins are

generally formd in tbe crlptic habitats that are ia greater 
"*.!* 

SMK than at the

other stations (see Final Technical ReportK). There'**{C-small positive increase

in abnndance at SOKU relative *-tt&- ana an increase of approximately 50Vo
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relative to SMK at SOKD (fable 8). As a renrlt, &ere wart a signifrcant period by

station intsastion in the repeated measnes atalygis (Table 8), b'ut no signifrcant

period effect- Within SOK purple nrc,bins were more abundant uPcoulst than

dowucoast, but this difference became maller during the After period because

densities declined in SOKU. Delas declined signifrcantly through time at both

T-pa,ct stations during &e After period (fable 9).

&l lteholothurian Pmsdclnps Pry

The sea crrorober, Ptwtblnpts,is common on both sand and mixed sand

and obble bouoms This deposit feeding qpecies t,as initiary much more abundant

itr SMK than in SOlt Its mean After density was about half the Before density in

S},tr, while deusities increased only slight$ from their vety lor lerrels in SOK (Fig

4t). Tbese temporal &anges in density resulrcd in a signifrcant period effest (Table

8). This specie* which may bene,6t fron increased org4nic content in the

sedimcnts, showed a positive relative change in density at SOtrL Howwer, because

of &e extremely low densities of this spesies in SOK in both periods (zerc

abgndance ou na'ry zurgeys) we feel that the widence for an effect of SONGS is

weak

44 Iargs Sessile Inrertebrates

As a group and indivigualty, large sessile im'ertebrates were statisticalty

intrastabla There were problems with additivity, s€rial coreliations and trends

durigg the Before p€riod In addition to violations of statistical assumptions, the

- -chrcgls ra di,sity of these iuvertebrates did not frt a single Pattem zuggestive of an

effect of SOITIGS, as E€;1he ir-<e for snail$ Such a Patten night indicate the



existeue of effects wsn in the absene of strong statistical widence for individual

species.

In total, sessile invertebrarcs were Eost aUunAani in SMK and least

abundant in upcoast SOK dnring tbe Beforeperiod (Fig 4u). Abrmdance increased

in the After period at all stations, but did so proportionarcly most at SOKD and

proportionately least at S\K (Fig au). As a result we cstinate a relative increase

of.37 andyzperoent at SOKU and SOKD, rcspectively Cfable 8). It seems possible

tbat the differences in proportionarc increasss among stations may be due, at least

partialty, to density de,pendent responses. Support for this spearlation comes from

tbe observation that proportional increases in density from Before to After were

iwersely proportional to initial density (Frg. 4u), but with only tbree data points the

patten is certainly not ompelli4g

Below we consider earh axon s€paratcly.

Muricea ca,liJornica

Dudog the Before perio4 M. ulifomiu was rare in the San Onofre kelp

forest and abundant at SMK There was nrbstantial recnritment at.all tbe stationg

but less at tbe near Impact station then at the far Inpact station (Frg. 4v). On the

other han{ the prorportionat increase was greater at both ImPast stations than at

SMK (Fig av). Again the relative chaqges were increases, witb the increase at

SOKD, the far rmFact station, being the grearcst (fable 8). Becarse of tbe larger

increase at the Bore distant Inpact station, the lack of additivity' and because the

difference between Before and Afrcr appears to be the result of a single recnritment

errent (norc the steady decline in the deltas in the Afrcr period (Fig 4v)), we do not

tbink the observed density changes should be interpreted as effects of SONGS.
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Muricea fruticosa

Like its congeuer, Mwisu ftaticua was rare in the San Onofre kelp forest

dudng the Before period. There was sone recnritment in 19&4, but less than for

fuL etifotnica (Fig 4w). We estimated percent changes in density of 59 and 37L

percetrt at SOKU and SOKD, respectively. We place little confidence in these

estimates because of the failure of the additivity assurytion, and the larger increase

at the far Ttt"past statiou.

Styela montereyensis

This solitary anicarc was very apundant in the docmcoast portion of SOK

during thc Before period, and was conmon elsewhere (Fig 4x). It declined to near

?.eto atall sations before the beginning of the After period- We do sot think these

rcsults should be inrcrprercd as a SONGS effect, because of the violation of

statisticat asnrmptions, because the larger dedine \pas at SOKD, the far Tmpact

station, and bccarse the decline started in 1981 (Fi& 4x), before Units 2 and 3 were

punping mrch water (fable 8)"

Tet}}ra aurantia

Tatryais a solitary sponge, quite conmon in many giant kglp foress. The

density of Tattyawas alrrays low at ou s0dy stations, partioilarly in the downcoast

portion of SOK and at San ldarco. Densities at the upcoast station in the Sas

Onofre ketp forest and at SMK declined from the Before to the Afterperiods, while

the density at SOKD remained relatively constant (Frg 4y). As a rezult, we

estimated a relative increase of 85 Vo at SOKD, and a smaller increase at SOKU
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(fable 8). We do aef think tbat thcse pattertrs arc &re to SONGS becase the

grcater relative increase ocerred at the more distant r-Fact station (fable 8).

4.5 Efiect ofAnomalous Sedinents

The plume generarcd by SONGS Units 2 and 3 is generally tutbid (Final

Technical Report L), and bccause of thc incrcased seston con€ffration in tbe

water, irradiane is redued within SOK (Final Tcchnical Reports L and K). In

addition, tbere is clear cvidene that seston flux bas increased on the bottom (S

about 46Vo,Table 1O see also Final Technical Report K) in the upcoast portion of

SOK relative to docmcoast SOK sinoe the ncw Units begaa PumPing water (Final

Technical Report K). Perhaps associarcd wi& these phJrical changes, there was an

influx of anomalou sedimens at the apsr rnrFact station (SOKU) fist seen in

Ostober 1985 during the After period 
'We 

rcftr to these sedimens as anomalous

because prior to theh appearancc iD SOK during 1985 we had ncver seen similar

fine sediments in and about the kelp forest In the field they have an apparently

cohesive natnre such that a lump could be formed in thc field by Ugbt hand pressure.

Upon first appearane tbe sedimenc had a consistency of pudding nrggesting higb

water content and rapid deposition Sedimena identifred by diven as being

anomalous xrere finer grained and had higber organic content than otber soft

sedimens at the saure depth Cfable 3).

It seems ob'r'iors that accumulations of zuch fine sedimeuts wil be

deleteriorrs 16 anirnals that prefer hard substrafes, as do most of the species we

monitored. Periodic inflrxes of sand are normal errents in kelp beds and 6eate

open space for recnritment of plants and animals. Howwer, a persisrcnt increase in

the percent cover of frne sands and silts would undoubtedly change community
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composition Such an increase in cover has occurred in upcoast SOK (Final

Tecbnical Report B), aod particularty at the SOKU station used to sample

im'ertebrateq with the percent @\rer increasing through the end of the imrertebrate

study (fable 7).

We designarcd quadrats is SOKU where anomalous sediments occtrred at

auy tinc (excluding &s finel srnrcy) as Impast stations and rsed the others as

Controls. Dara from tls final $uvey, done in December fggq were not rsed in the

amlysis because anomalorrs sediments were present on >90Vo of the quadrats at

that time (and correred more thz,a {$/6 of ths area), and as a result we would have

had too few control quadrat$ We then did the same BACIP anatysis used to

evaftrarc an impact when there is one Control and one TmPact station (Interim

Technical Report 2), b'ut now the After p€riod begins in October 1985, whea the

anomalor:s sediments began to appear. Because of the general sParseness of the

data (from only onc station, carcgorized into two groups), we did these analpes only

on'najor gloups and not individual taxa-

Table 11 shows &at all groups dedined in density in quadras that were

inpacted by anomalou sediments, relative to Controls' These dedines were

signifrcant for sessile invertebrateg sia nrchin+ and sea stars. Snails decline4 but

the.declines were not especially large and were not statistically signifrcant



5. DISCIISSTON AND CONCLUSIONS

The results of this study demonstrate that there was a gencral dedine in tbe

abundance of many species of snails in the San Onofre kelp forest (relative to tbe

densities in the San Marco forest) aftcr Unis 2 arrd3 of the San Ono&e Nuclear

Generating Station began operatiag Unforumateln for most of these qpecies we

harre few data on which to base tcsts of otr statistical assumptions. It is thts

possible, 1o, 
"rrrt['le, 

that mary of the declines ste saw were sinpty continuations of

trends that began before Units 2 and 3 bcgan operating Clearly a study such as this

one would be greatly strengthened if data could have been collected for several

more ycars in the Before perid

Onbataoe, horverrer, we believe that the widence sfiongly indicates that the

operation of the new generati4g rmits led to dedines in snail abrmdanes. Out

conchuion is based upon several lines of widence: (1) reductions in abundance

x'ere generally larger at the near than at the far Impact station; (2) when our

Control station (SMK) was ompared with another statioa distant from SONGS

(Bam Kelp) no nrch pattern of leriod: station" inrcractions were seen (Appendix

A); (3) when the average of the two distant sations (Sl"fl( aad BK) was used as a

control the same pattera seen in the primary analpes was obtained (Appendix A);

(a) we have ideatifred a plarsible mechanism for the decline in abundance; (5)

mary species shorn'ed sharp declines near &e end of the After period (Fig 4), wben

the anomalous sediments were beomiag increasingly abundant (and wben the

anonnt of water pumped..65 higher tlan in earlier yea$ and (6) for several other
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species the negative effests are dearly aot simply continuations of Before trends

(e.g Mitz idre,.4snw undose Stonglocan*ous ryus).

In addition to the *"il$ the whitE sea urchin, Lyt*hituts orsnesrtt,seens to

have been adversely affected b'y SONGS. This qpecies dedined relatively tnost at

the statios nearest SONGS, and its density appeanr to have been negatively

inpacted by the influr of anomalons sediments. A potential confounding effect is

that sca sta$.can neguively influence the abundance of sea urchins (Scbroeter 4 al.

1983). Howwer, s€a sars rrere most abundant in upcoast SOK and least abundant

in SMK in &e Before period. Oac would therefore €ryect that this conforrnding

effecq, resulting from &e die-off of sea stars in the After period, would lead to a

relative insease at SOIi

Althougb there are wveral species (sessile im'ertebrates, and the

holothurian, Pmidtopus puvinads) whosc relative abnndance increased at one

or Eore T-Fa,ct stations in the After perio4 trone of the daa provide cmpelling

evidence in nrpport of a positive effect of SONGS. In the case of the nvo species of

Muiceastatistical assumptions were violarcd and the increases were greater at the

frr T-Fact station than at the ncar Impact station Tbe inf€rence for a positive

effect of SONGS on Ptasiclnpus is weakened by the fact that densities were

exrene$ low in SOK dudog both the Before and After periods.

The increase in fine anomalors sediments in the San Onofre kelp forest is a

mecbanisn consistent with the effects we attribrurc to SONGS. If the trend of

increasing depositioa of thse sediments contirucs we eryect the effects to increase

h size and mmber. Analyses of the effect of the anomalous sediments in SOKU

(the near Impact station) $ggest that some groups of orgaaisms-for which we corld



notidentifi an iryactbased on ejhanges in density overanentire rrrrFsgt stationmay

indeed have been affected. Tbese groups (sue.h as sessile im'ertebrates) may be

resista4t to an increased flux of seston (or some other cm'ironmental changes

caused by SONGS), but not to burial of subscarp by tbe anomalou sediments' and

thrs only tbe ontrast between abundances seen in quadrats tmpacted" and

lninpacted' by thesc scdiments at SOKU shm, a negative cffect For cxample,

Mwicea can nrrrive when alnost orylercS burie4 3o we wouldn't @ect this

g'oup to show efrects unless the srbstrarcwere persistently oovercdwith anomalou

sediments

In contrast, snails, which shon'ed the largest relative declines over all

quadras, provided the weakest widence for effests of anomalous sedimen8. It

see6s likely that the large dectines in this grouP c?83 about due to Processes

inpinging on both quadras 5ryasted" by anomalors sediments, and \rnimpacted"

quadrats (perhaps by ac increased flrrx of scston ) Thus, our frilure to dercc effects

of anomalors sedimens for snails migbt result precisely becarse this group may be

highly sensitive to smaller amoun6 of increased sedimentation

A frequent dusdng of fine sedimeng on hard nrbstrates in the San Onofre

kelp forest ould intsfere with lanral settlement and migbt deaease tbe chances of

the sgcesfirl attachment and dwelopment of eggs. All the gastropods we have

discussed attach gelatinors egg unsses or egg capsules to hard substrarcs or algae.

After several dap or weeks, the veliger lanze are released. The leugth of time

before settlement is not knoumfor these qpecies. However, in general free veliger

stage lase from a few hours or days to ttpo to four weels (Hynan L967). If the

lawal life is less than a day or so, a negative effect on egg laytng or dwelopment

coutd renrlt in a desease in local adult population densities.
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The anailable Evidence also indicates that the operations of SONGS Units 2

and 3 have carsed a reduction in the areal extent and density of giant kelp within

the San Onofre kelp forest The areal extent of SOK has been reduced by about

ffiVo, and tbe avenage density of giant kelp on hard substrate has been reduced

(relative to SMK) tV aprproxinearcIy 50Vo in vicinity of the imrertebrate sampling

locations within SOK (Hnal Technical Repoc K). The loss of glant kelp within

SOK is a potential mechanism by which SONGS could be inpacting the

nacroiuvertebrates witbin the kelp forese To our knovledge,, there are ao sardies

tbat cxplicit$ €xarrrine tbe efiests of kelp density on the density of associrarcd large

benthic iwertebrates" Nwer&eless, nrch a linkage seens reasonable. For example'

we migbt expect. &e abundance of Cotas to be positively related to kelp density

since nany of its prey live in kelp holdfasa (SJS, pasorul obsavaion). Other

iuvertebrates feed upon drift kelp frondq and a large proportion of the productioa

of a kelp forest enters this pathmray and is wennrally eaten by imrertebrates nrch as

sea nrchins within the kelp forest (Dean 1980, G€sard Ln6). Indee4 sea urchins

and other invertebrates such as abalone lray comp€te for drift kelp fronds within

some kelp forests (fegner and l-evin 1982).

We have, honrwer, liule direct widence that loss of giant kelp has led to a

loss of benthic macroim'ertebrates" For example, althougb giant kelp went extinct at

Ba;a kelp forest at the beginning of the Before period, we did not see pervasive

tcryoral trends (relative to Sl4trg during the Before period (Ap'pendix A Table A.

3). In two czli€s (rytecnAs afi .a*aca) we saw large declines at Bara Kelp

(relative to SMK) from the Before to After periods If these declines were due to

the loss of giant kelp at BK they were expressed with a three or more year delan

since the Before deltas'did not have strong temporal trends. Nevertheless, it is



possible that the loss of giant kelp contriburcd to the relative redudions of these two

(and perhaps other) qpecies in SMK

On a broad spatial scale we migbt ask if the popnrlations of im,ertebrates

living o! asy two rocky ree& rnight fluclrarc so differently througb time, as to

produce the "SONGSI effects we have see& wen absent an ewironmental insulr

IdeallR we would like o @mpare tbe dynanics of imrcrrcbrates from Easy different

kelp beds to answer this guestion Unforamatcly tbis can aot be done. Horever,

we did collect estinatcs of de,nsities at Barn kelp foresr Althougb we rejected this

bed fromuse as a ontrol because kelpwas lostfrom this bed at the beginning of the

sady, sirdlar rcmporal pattertrs at Bara and SMK would be encouragiag zupport for

our approach. As it ftms oit, we can identi$ only a few significant leriod by

station" intcraetions between &ese trro stations (APPendix A). In addition' if we

replace SMK by the aver4ge of SMK and BarD kelp forest in or analyses we obtain

similar resgls to thosc reported in Table 8 (Appendix A). Tbus' it appears that

poputations of the benthic inverrcbrates we sampled in the two roclry reeft far from

SONGS rougbly tracked sne another duriry both the Before and Afrcr periods. In

@ntrast, the populatioDs near SONGS changed in abundance relative to tbese more

distant reeft aftcr the ptant was operating at a consistently high lwel

It is still possible tbat tbe relative decline in macroim'ertebrarc densities was

due to a naalral eveut that had effests at SOK and no, smaller, or opposite effests at

SMK and BK Tbere is howwer, good widence that the variations in the natural

oceanographic conditions (e.g tmperan$e, mrtrients, wave clinate) are similar at

sites within the region encompassed ry the three kelp forests (Finat Tecbnical

Report L). Another possibility would be an inrcrastion between difference in the

topograpby at SOKvesus other sites and changes in the Phlnical ewironment from
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the Before to After periods For example, Patton (1986) observed dedines in the

abundance of a nrmber of the sane macroimrertebrates we repoft on in SOK

relativc to SMK or BK After Units 2 arrd3 began operating and attributed this to

an interaction between the lornrer relief and greater prwalence of sand (see also

Table 1) at SOK and the stoms associated with the El Nino event. This potential

imeraetion does not explain our resrlts" If an interactive effect of the storms were

responsible for the relative declines at SOK we would expect to see a marked drop

from immediately before to after them (the great storms of the El Nino event

occured in ldarch 1983). Hopwer the changes at SOK r"t",iu" to SMK from before

to after the storus were negative in only 8 of 33 cas€xt for which we reported

declines from the Before to After operational periods in Table 8. (In evaluating the

efrests of the storms we use the nro surveys immediately before the March 1983

slormlr as the Before'period and the two surveyc immediately after the storus as

the 'After period".) Ctearly there is an unending list of other possible natural

interactionsthatEighterylainorrresults' Elowwer, we have no erridence that such

an went is responsible for the observed relative declines in macroiryertebrate

deusities in SOIL

Finalln it seems possible that we have somewhat underestimated the effects

of Units 2 arrd 3. Althougb wehave grouped surv€ys into a Before and an After

perio4 the ratewarcr has beeupumpedby the newunits has increased througb time

beginning in the Before period por e"r'nple during the last year or so of the

Before period (1982), siggificant anounts of warcr were pumped by the new Units,

on the order of 4TVoof the a\rerage dnring the Afterperiod (Iable 2). Moreover,

the rate water was pgtnped in the last year of the After period (1986) exceeded the

nrte dtrring the preriors trro After y€rs by about L6Vo. hmping rates have
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renaiDed near this higher lwel sine the end of the 4ft"t sampling period

exaeeding tbe levels during 19&4 and 1985 by about 70Vo (tabte2)-
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7. TABISS



Table 1

Avcmge covrr (%) of varlous subtrntec h kdp foncsts i! Sa! Dtego county in
11o136*r/Occcnbcr 19t4 Estimates wrm madc at a singlc sitc in cach arca. 40 1'm'
quadrzfs pslp e,-qrnlncd at Slld$ SOKU, SOn, and BK. 20 quadrzts wrre used in the

&mrUp fortsts. SMK: Sosldatcot SOKII = UpcoostSan Onoftq SOK) = Dmucoast
sar ono&,B BK = Ban }clg CSB a Cadtfi ststc Bcacht LEU = Lflcadl|; swA =

Sranf'q CAR :r Carkbqd; IJ.= Ia Jollr Substratc cat€guls d€frrcd byWcntlorth scalc

Cfnnan igCgl. ncenoauccO Aln Tablc I, Tcchdcal Rqort K' boscd on Tablc 1" Diron glgL

l!tt&

SrrLsrRl\Ts
Ks[tFoREsir

S[\,TK SOKU SOKD BK CSB I.EU SN'A CAR IJ

6{' n s3

0.0 a1 L4

22 L8 15

3.4 0.0 0.4

y 0.0 43

oJt oo olt 54 65 7rl

2* ZL D xI 0ll Ll

53 t2- 47 2* 0.0 L7

11 7:7 L+ L7 oJt 0.4

tz t l ( tnn35n

Red

Bouldcr

Cobble

Grarcl

Sad
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Table2

SONGS Udts 2 and3 opondoos.

A ByYcar

n owvorrrMB Of *uC Pox/En (% oFcAFAcITY)

199)
1981
u82
1983
1984
1985
1986
M7
1988 (througbJulyD)

0
0
0a
315
544
489
MJ
7ts
70J)

u7
09
II
53
65
69
78
73
75

& ByHod

B.oc'vourrrrEtrf *u0 fowrn(% orcarecrv)

Befqe (Ocobcr 1,19gtApsil30, il[3)

htsrir! (tvtay t" l9esc"tctnbc8 30, fm+)

eftcr (Ocobcr ! 19&LDccenbcr3l, 1986")

Poet*anpling (Jauary I, Pf/-July20, 1988)

19

7J

7J

7.4

u7

533

'J

TLN
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Table 3

Couparisonr of thc characterlsdcs of tbc anomalous scdincots with othcr sands
andsilts in thcddrftyof Sa! Ouofte. Thc stadon dsiglatcd?Ofi|m Upcoasf ras
2{nO Dctcfs rDcoast o( thc midltnc of thc Unit 2 ald 3 ditrtrcrs. Cohcsivc
scdlncuts vrfG cdlcstcd in OgL llttlir lllay 19Sq Oct. 1986 Nov. 19t6 and OTt U$7.
Ilttails on ucthodr are lnTccnnbl REPortB.

LocAttoN N I,fEDIANPItr ToSIUT€AY

t-Loq(Mr{)l (Ptr >4)
TOC

Sanc Dcpth as llreEstcbrats
lvtmitqing Statiorr (-15t4)

ArmalortsscdincoB
invidlityof SOKU

SOK(othcr scOAcots)

s[\dK

Zlfll nupcoast

DecpcrWatcr(3h)

ofisoK

Z)fl!nupcoast

7

2

1

'2

1

4,J,

394

3"68

341

4{t7

4fi

55Jl

45.0

1A5

n9

5L4

a.L

0.4

020

a.g7

0.08

0.,lil

0.46



Table*
PrgFl of2

Spcdcs ramplcd ln uo.trivlal numbcrs (rcc tst). Spcclca ebundant cooug! at tbc
SOf ana SMK stations to rarrant the calculadon of pcmcut chssge at et hast oe
o[tb6c stadonsarcmartcd byt, othcr 4cdcs *ro i6iomtzc&

SPtscrBs

Porifcra
:f&yawstr

Cnidaria
tdtoggiae,lttutsb
Ifiafup.acoryorfict'
ttttois@
Pu,trys;afutsfmWts

Amelida
DrWaarute

Mollusca
.4fiu3tot@'
Wnuryp.t
futs@SIniatf
Ozrrlsptauflldlfie
Cypsp&ca
Frcitur spp,
H&tisry.
Hapaavla'Aru
Kclbialellctiir
Iabisoleq i
Msvel$a gattu.
ffttaide'
I*waiefusnwwau'
JVarwfus rFp.r
aFOUncUbrsrnfut'
naWWzfeiw'
noWpWavfuc
fcgltt uwin@'
fcgrlodsori
Trivbffp'.

Echinodermata
Lytcchfuuts artottrrntJ.
PawfuJtopts po$naris'
Saanglorclltourrts pupras'

Ascidiacea
Stydo@

49



Table 4
ge 2&2

Thc fo[oming s€a sttt and sca nrchins serc not tested bccansc of
€pfuod€s of discasc q'fishi''g (scc tcd).

Echinodermata
.tlswtais saadifaz
Uu*qtuuscMts
Eaa*:i4lcvfofu :
Lhufufunbiatt
Pabbmbrtuu

' Ptwgigots$
Suwtgilsaps fruuiscpas



Table5

MlaD dcodda ofrca lbrr rt tcat strdouE forcacb Dcrlod"

Pesop . SOKU
Ir,lEAI.r S.E. N

SOKD
IrrIEAI.r S.E" N

SMK
ldB$r S.E. N

Bcfcc

Aftc8

L18 ([15

0.(B 0J2

10

I

il,

8

05i 0l.1 10

0r8 orE 8

0.43 oJB

0J7 0.(5
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Table 6

lficandcosltl6 of 13d sce urchl13 €trgg1g|g@Ag@g franciscanusl at tcst stadors
io.'rn+ pciod.

PERIOD SOKU
I'GAN S.E. N

SOKD
I'IEAII S-E" N

SMK
l,IEAI.t S-E N

Bcfqe

Aftcs

0Jl4 0J)1

uxt a.m

oJl, m4 CI

ilxB 0.0(E I

L(xi 0.1ii

0.49 0.06

10

8

il)

8



Tabb?

Ptll:nt covcr of anoqalms ccdtncots st bcuthtc lnrerlcbratc ranpltng Etsdog
rftGr tts frst appcsnncc st tbc SOKU rtado t! Octobcr f9$.

DATE
AI\TOMAIOT'S SEDIMEITT

(% oven)
SMK SOKT' SOKD

Oct" 10,1985

Mar.t 1986

Imc5,1986

Scpt" 8, 1986

Dcc.3,1986

0

6a

6A

39

02

t4J

DS

30.6

35I)

42

t : : : . ,  r . - \

' r.d

: * \
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Tabte E

Results of rcpeated-measures BACI analysis

Es6matcdpcrcaat chstrg3! at thcSOKII (ncari:upqct) ardSOKL (far inpa.t) stadons dafiw to thcralucs at

tbc control- sitr, SItdK, atd thc rcsultl of rrpcaad mcuilrcs autyses. A Sq and T rcfcr to failuit of the

.dditt/tty, sa;gf corraadon, or tr:nds 
"""-pUoos 

tsts. U indtcatcc that thc assumptions tcsts corild not bc

donc. fii 13mft Of$ fudlcat6 all {knEid6 rotc ztro at thc tcst stadons. r indlcater rcpeatcd

arapl not donc drc to €lthc adnfdvity or bctrdl i! thc SOKII-SOKD &ltas. - indlcatcs tcst could not be

donp.

PEBIODXS|IAfiON POWERsrE@s/
GROUP

$nqik

.Nm'nuricid-saails.-,4'-*-""'

3C401 ,4sawuttb#-*^"
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Table 10
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8. FIGI}RES



Figure 1: sudy areae In the vlcinlty of the san onofre Nuclear

Generatlng Stafon. Tto rectangles are the boundaries

ol the dEtailed maps of the san onolre kelp lorest (soK

Flgure2), San Mateo ltelp torest (SMK Ftgure 3), and the

Barn kefp,forest (BARN). The unlts 11 2, and 3 lntakee

(clrdes), the untt 1 outlall (tlangle), and the Units 2 and

3 dtftusers (labeled llnes) are shown"
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Figure 2: San, Onotre kelp foresL The area of hard substrate is

oudlned ln the upper llgure, and thE clepth contours (m)

art shown In the lower flgura The benthic suruey

sila[ong arE marlted wtth silars. E:(tstl statlons sampled

one,tfme In 1981 only (cilrciles), those sampled one ttme

In 1986 only (trlangles), and those sampled In both yeant

(squares) arE also plotted. ThesE extra sunteys were

done to conflrm that SOKU and SOKD were

represerrtatlve sltes, and are dlscussed In Dlxon g! e!.

(1988).
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Figure 3: San Mateo kelp torest The area of hard substrate is

oufllned In the uppef flgure, and the depth cotttours (m)

ars shown In the lower flgure. The benthlc suruey statlon

(star), the extra staflons,sampled In 1981 only (circles)'

and tfiose sampled In both 1981 and 1986 (squares) are

plottect These et(m gurueys were dOne to contirm that

soKU and soKD were representative sites, and are

dlscrrssed In Dlxon g3el" (1988).
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Figure 4 3-yl Each page contalns results for a taxon or group of taxa.

on the top ol eactr page is a plot of deltas (lmpact value -

confol rralue) agalnst ilmE for thE near lmpact (SOKU)

ancl the iar lmpac{ (SOKD). The bottom of each page ls

tfie lnteracilon plof 'containlng $e mean (baclc-

transformed) density at each site (SOKU, SOKD' and the

control at.SMR forthe BeforE and After periods"

ffi
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Conu,s californicus
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.l/ossorzus spp.
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Manlellia gernrna
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Appmdix A. Ancillary analyses induding Barn Kelp Forest

The primary analyses reported in the main t€xt were rePeated rsing the

average density orrer San ldarco Ketp forest (SMK) and Barn Ketp forest (BK) as

the Conrrol Tables A-1 and A-2 contain &ese analpeso corresponding to tbe

prirnary analyses reported in Tables 8 ani 9 of the rnain text of this report The

resglts are similar to those re,ported in the mein tc*" The sneils generally declined

in relative density in SOK from the Before to After periods" with larger declines at

the aear ImFact station=SQKu (fable A-1). Every snail qpsciss that could be

tested was signifrcantly (p<0.05) or nearly signifrcantty (P<0.15) affecte4 as

evidenced by either the period or period by station effects (Table A-1). Most of the

snnils shon'ed negative teods at SOK relative to tbe Control during the After

perio4 and in three cases these trends were significant (fable AA). Pmsticltopns

again shonn widence of a positive effect (fable A-1), and the sessile im'ertebrates

are statistically intrastable (Table A-1). Only for two qpecies (white sea urchins

(Lytuttituts zrld Cyprau) are the results reported in Table A-1 substantially

different from those reported in Table 8 in the main text White sea ure.hins sbowed

a decline at SOKU, but a substantial increase at SOKD in Table A-1, whereas in

Table 8 there were decreases at both inpact stations. For Cypraea the percent

changes were small and not signifrcant in Table A-1, whereas very large relative

declines in SOK are reporred in Table 8 (althougb the qpecies wEls statistically

intractable).

Tab1e A-4 contains the mean densities at eacb of the snrdy sites during tbe

Before and After periods for the species inctuded in Tabte 8. It is clear from this

table that the results using Sf"g( (Table 8) or the average of SMK and BK (Table A'

A-1



1) as a control are similar because SMK and BK tracked each other well, and not

because the abundances at BK were near zero for all species. The effects that are

seen when 6s Trnpact sites are compared with a Control are not seen when BK is

coryared with our prinary Conaol (SMK) using &e BACIP anatysis (Interim

Technical Re,port Z). Inthis case there \f,erE only tbree signifrcant and three neariy

signifrcant effects out of 16 tests (fable A-3). The direstion of e;hanges in relative

abundances anong - l was mhed (fable A-3), in contrast with the consistent

declines seeuwhen ashnl lnpast siteswere nsedin the analysis (Iable $ rnnin tqt).

There is a significant BK rrs SMK BACIP effect for white sea urchins' and

Cypraza, and &is weakens tbe case for a SONGS effect on these species (but see

Disarssion)" For white sea ruchins SOKU, SOKD, add SMK orperienced

substantial increases in density from the Before to After periods (fable A-4)' while

de,nsities fell to tsss rhan balf thcir Beforc levels at BK (fable A'4). Cypruea were

scarcs at SOKD erring both pcriods (fable A4)- The densities at SOKU and SMK

were about donbte those at SOKD during tbe Before period and the density at

SOKU inaeased and the density at SMK declined from the Before to After periods

(fable A4). In contrast with the other sites Cyprzca were very abr:ndant at BK in

the Before period and fell to very torr densities there iu the After period (Table A-

4). It is conceirable that the declines in the density of both Lytrhirus anrd Cypraca

in BK crrnc about becase of the loss of giant kelp there (see Disorssion)-
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Table A-1

Results of repeated-BetsrrrBS BACI analysis

Esdnated pcrccnt changls at thc SOKU (ncar lmpoct) and SOS (!Br tmFct) sltcs r=ladv! to tbe awsagp valuc rtft
contd sitls (SMK and BK), and the nsults of rtpeatcd EGasuFGs aoalFcs. A SC, and T refer to frilu: of &
adrtittvity, serial corrJation, or trcnds assumpdols bts. U lndicatcs that thc assumptions tcsts could not be done. fib
rcsult (NR) indicatcs all dcusides ntrc zmat the tcst stafions. r indicatcs rtpeated Eeasures aualysts not done dtrb
cithcr attrlitivity or buds ln tbc SOKII€OO deltas. - hdicatcs test could not bc done.
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