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This report anahnes and presents the results of studies of MEC Ecological
Consultana, vihich wer'e done oir behatf of the MRC qyer t.!1: period 1.980-1988,
under the direcrion of Dr Arthru M. Barnetr Their Final Repon to the MRC
"MEC Bioloeicat Proiect San Onofre Generating Stadon Monitoring Srudies on
Mysids and Sift Botto"m Benthos" (30 November f987, MEC03287056) provided the
srirting point for the analyses in the Present report.
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SUMIVIARY

Unconsolidated, or soft, sediment covers the sea floor in a large area around

the San Onofre Nuclear Generating Station (SONGS). This bottom habitat

supPorts a large and varied assemblage of species of invertebrates which live in and

on the substrate. ID 1980 the MRC predicted that the operation of the cirorlating

urater system of SONGS Unia 2 and3 might increase the uumbers of soft ssdimsal

invertebrates by converting planktonic organisms withdrawn into the plant iuto

detrital material. This material would be discharged by the diffusers and eventually

fall to the sea floor where the bottom fauna would feed upou it. The major goal of

the MRC soft benthos snrdy was to 1s51 this prediction, and to determine whether,

by contrasl the operation of SONGS reduced the abundance of organisms within

ttis assemblage.

During this sardy benthic samFles were taken at two depths, eigbt and 18

meters, at six locations downcoast from SONGS. The locatiot$ were 700, 1100,

1900, 3350 (at eigbt meters and 3200 m ar the 18 meter depth), 6700 and 9400

Beters downcoast from the generating station Collecting samples at these sites

allowed us to determine how far downcoast SONGS affected the biota; sampting at

the nvo depths allowed comparison of effects on the benthos at the depth of the

intake stnrctures and of a depth equivalent to that just seaward of the end of the

diffuser lines.

The biological variables measured were the numbers of organisms for:nd in

cores of sediment taken froi the bottom- Since there was a noticeable glange in

the benthos throughout the snrdy area benveen the Before period and the After

period (probably due, in part, to the El Nino of 1982-1984) we focused our attention
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on those species which were frequently encountered during both periods.

Furthermore, since the great majority of species in this qpeciose assemblage (over

600 taxa were identified during the snrdy) are of low abundance and infrequently

sampled, we combined taxa into larger taxonomic groups, and into trophic-motiiiry

(Tl"I) goups in which taxa with similar feediqg behavior and motility characteristic

were combined. These groups and those abundant and commonly occurring

individual taxa were tested for abundance changes with a multivariate analysis of

variance comparing the changes in the Impact area (defined as the four stations

closest to SONGS within approxinately four km downcoast of the plant) to those in

the control area (the nro most distant 5ampling locations). We esti-ated the

distance from SONGS over effects occurred by comparing separateiy ifue sfoanges in

abundance at each of the Impact stations to those at Coffrol

We tested for temporal trends in the After Impact-Control differences in

density. These trends would indicate if differences benveen Impact and Control

gfoenged over time and migbt give insight into whether effects will continue, or

might sfoang€, beyond the period the samples were takea
4

We tested for patterns of disappearance (or appearance) close to SONGS

relative to Control among a large group of species at both depths by comparing the

frequency of occtrrrence at an rmpact and a Control site, first in the Before period

an4 agaiq in the After period. Forty-six ftDra were tested for these changes at the

eight meter depth and 85 at the eighteen meter depth. These species, collectively,

accounted for over 95Vo of. the total beuthos at both depths.

We also measr:red various phpical and chemical characteristics of the

sediment at each of the sampling locations. These data were then correlated with
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the abundarce measures. This was dorie in an attempt to gain insight into any

potential snssfuanisn that might be responsible for the observed changes.

In generaf the results of &e sftdy support the MRC's predictions. This is

especially tme for the benthos at the 18 meter depth. Among the aggregate

measures of the benthos, the pooled taxa and TM groups, the was remarkable

consistency of results. The benthos, combined, increased in the TmFact area at

various distances from SONGS. Increases were also detected in ali of the combined

taxonomic groups (polychaetes, molluscs, and cnrstaceans) and the major groupings

based on the depth in the sedimeal the animals fed (surface and subsurface). Wheu

the TM groups were subdivided ftrrther, significant changes qrsls almsst universally

increases. Among the individual taxa which showed significant sfuanges in

abundance five increased in reliative abundances near SONGS relative to Control,

one declreased, and the seveuth increased at one rmpact site and decreased at

another.

Positive trends in the After deltas, indicating that abundances at TmFact

statioDs increased over time relative to Control" were detected in many TM groups.

Agai& they far outnrmbered the number of negative trends detected (found in onty

one TM and one individual species).

A positive response on the part of the benthos at this depth is atso indicated

by the PatterDs ia glanges of frequency of occurrence among individual taxa.

Eighteen species were sampled more frequently near SONGS relative to Coutrol in

the After period while ooly nro became less frequentty sampied. Finally, the total

number of ta:ra found in samples also increased significantiy near the plant in the

After period.
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At the eight meter dept\ tbe patern in the results was more variable.

Among the seven individual taxa tested the only nvo that showed significant

abundance ihanges increased in the Impact area relative to SoNGS; ia, the silme

type of gfoange as in deeper water. However, while three tatra showed positive

trends in the After deltas, two showed negative trends, indicating that density at

Impact stations was decreasing relative to that at Control over time. The major

difference between 8 and 18 meters occurred emong tbe TM groups. When all taxa

are combined, a significant decnease in relative abundance was detected. Combined

polycbaetes declined, but conbined g115[aeeans increased at several Impact

locations. All surfacs fsgrting animals combined increase4 while no change in the

subsurface feeders was detected- As expected from tbe behavior of these large

groupings, several of the smallel TM groups incneased and several decreased.

However, even thougb there was a mixture of increases and decneases in relative

abundance among tbese TM groups, tbe number of TM groups (and individual

species) tlat showed positive trends in the After deltas outnumbered those with

negative uends.

The results regarding changes in frequency of occurrence also corroborate

the mixnue of increases and decreases in mean abundance. Seven species increased

in the frequency of occurence near SONGS relative to Control while three

decreased. A change in the n:mber of species found per sarnple was not detected at

this depth.

Thtx, it appean that the benthos at 18 meters in the Tmpact area has steadily

increased over time relative to Control. In many cases tbe trend has been

sufEciently strong tlat when averaged over the entire After period 3 glange in

abundance is observed. However, at eight meterc during the early part of the After
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period, the densities in the Impact area were less than at control. And while these

Impact densities steadily increased relative to conuol through the After period,

when averaged over the period a decnease in mean abundances w.rs detected. Some

of the reductions in the early part of tbe After period coincide with the release into

the sea of the unconsolidated sand material in the couitruction laydoum pad of

Units 2 and3.

There were .liscernible patterns in the distance over which effects were

detected. At eight meters, declines in abundance were generally restricted to

distdnces of 1100 meters dowucoast and, conversely, increases were generally found

from 1900 to 3350 meters downcoast This spatial pattern is also consistent with the

potential effects of the release of the sand laydown pad whose effects are likely to

be localized to the regron nearer SONGS.

At the 18 meter depth the pattern in effects witb distance involves groups

feeding at different depths in the sedimenl The combined subsurface feeders

increased only to 1100 meten doumcoast, while various surface fssding TM groups

incneased in abundance througbout the Impact area to 3350 meten downcoast of

the planr

While there is strong evidence that plant affects the benthos to a distance of

approximatety 3 km, the evidence for effects at greater distance is not as strong.

The strongest pattern in effects occurring from the vicinity of the plant to 6700

meten; from the plant is found in the increases observed in nvo small TM groups

found at the 18 meter depth.
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Whiie the exact mechanisms responsible for the observed increases in the

benthos are unknown, increased detrital material remains a likely contributor.

Correlations between pbysical/chemicat (p/c) variables and densities were

numerous but not very strong and did uot explain much of the variability in tbe

density measures. However, the p/c variabies that were most often correlated with

densities were me:$utes associated with detrital material, organic carbon and

phaeopigmetrt content of the sedimeuts. And while the measured reiationships

were not strong tbey were more comrnon and stroager at the 18 meter deptb, the

depth where tle discharge plume is more prevalent

The effects of the operation of SONGS on the soft benthos, a general

increaSe in abundance, suggest that they may reliate to the results of MRC sttrdies of

other gouPs of organisms. Increases in mpid shrimps in the same general area rnay

also result from the addition of particulate food on or near the bottom. The

increases in the soft benthos mzly also be related to the observed increases in

benthic fishes, many of which feed on the benthic invertebrates under study.
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1.0 INTRODUCTION

A large portion of tbe sea floor in the vicinity of SONGS is unconsoiidated,

or soft, sediments. Except for the area approximately 05 to 2.0 km downcoast of the

diffusers of Unia 2 and 3 and benreeu the depths of 11 and 16 meters, where roclcy

substrate supports the San Onofre kelp forest, the,aleas around SONGS are soft

sediments. Partiorlarly, the areas around the intakes of SONGS and the areas

seaward of the diffusers are exclusively soft sedimenL The average gain size of

these sediments varies from coarse to fine (from sands to muds) as depth varies

from shallow to deep (but see Technical Report B: Cohesive Sediments for a

discussion of an anomaly in this grain size-depth relationship which appeared in the

Impact area in tle After period).

These sediments harbor a large number of invertebrate species representing

rpny phyta. These species represent the largest faunal grouP (in number of species)

potentially affecred by SONGS. This group is not only diverse ta"ronomically but

contains organisms exhibiting a large array of different feeding habia and patterns

of habitat utilization It is the extent of the habitat and the complex, diverse nature

of the community within it that makes the effects of SONGS of interest.

Furthermore, this species assemblage is a principat food source for benthic fishes

and an impact of the operation of SONGS on this assemblage could, therefore, also

result in changes in those species that feed upon it.

This report assesses the impact of the operation of San Onofre Nuclear

Generating Station (SONGS) on the invertebrates living in and on soft sediments in

the vicinity of the generating station. The MRC studies of these animals started in

L977 and ended in 1987. They were conducted by Marine Ecological Consuitants,
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Inc. (MEC). The earlier snrdies (1977-L979) estimated the effects of Unit 1. The

results of these snrdies were used to predict the effects of Units 2 arrd 3 and to

establish appropriate sampling designs to test for effects of Units 2 and 3.

The predicted effes,s of SONGS Units 2 and 3 on the soft benthos were that

close to the diffusers ($'ithin one kiiometer), sediments would be coarsened in grain

size, but further away the sedimenr would become finer (Murdoch er a/., 1.980). At

ali distances the sediment would be enriched with detrital material. The general

result of these glanges would be an increase in the abundance, number of species,

and, perhaps, an inerease in annual production of biomass. However, the predicted

enrichment of the soft benthos was not erpected to influence the production of sport

and commercial fish.

The present report presents the results of the studies on the impact of Units

2 and 3. Data used to address this question were gathered from November, L979 to

December, 1986. The principal aim ef the study was to determine if the abundance

of infaunal and epifaunal invertebrates changed in the vicinity of SONGS' as a

result of plant operation- As in other MRC reports the principal method of snrdy

was to compare the change in abundance that occtrred in an Impact area from the

preoperational @efore) period to the operational (After) period to the change that

occured at a distant Control location over the same time period. The relative

difference in the glanBCs observed benveen the two locations is a measure of the

effect of the generating station-

The effects on both the soft sediments and the organisms in it were expected

both to change gradually with distance from the generating station and to persist at

a location- Furthermore, unlike local hard substrate, soft sediments are a
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continuous and extensive habitat. The MRC, therefore, decided to sample tbe

benthos at a number of stations at various distances along a gradient donmcoast

from SONGS. This gradient permits an estimate of the spatial extent of SONGS'

influence.

A third line of investigation was to examhe the relationships between

various physical and cbemical characteristics of the sediment and the abundance of

the fauna Previous sardies (e.g. Biernbaum 1979, Bloom a aL L972. Flint 1981,

Gray L974, Rhoads 1974, Young and Rhoads L974) have shown that the soft benthos

is often sensitive to the phpicat and chemical nanrre of the sediments in which they

live. It was hoped, therefore, tbat examining these relationships in the area around

SONGS would give insight into the possible msglanisms by which the generating

station caused any observe6 gfuanges.

While, the results presented in this report deal primarily with the effects of

SONGS on tle density (numbers per unit volume of sediment) of individual species

and species groups, effect on changes in the species composition of the assemblage

are also addressed. Cbanges in species composition were addressed at length in

MECs Final Report, which presents the results of a cluster analysis designed to

gfoup, by similarity of species composition, the species assemblages found at each

sampling location in both Before and After sampling periods (Barnett, et a1.,1987).

The resulg of the anatysis indicated that the assemblages at all sampling locations in

the Before period formed a group (cluster) distinct from the cluster formed by the

assemblages found at all locations in the After period. These results indicated that

a striking slange in species composition occured between the Before and After

periods (probably in response to the El Nino of 1982-1984), but that, in generaf the

change occurred througbout the entire snrdy area, including both Impact and



Control locations. In the present repoft a different analytical procedure is used to

determine SONGS' effect on species composition. Many individual spdcies are

tested for Before-After differences in their frequency of occurrence at Impact and

Control loeations.
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2.0 MEfiIODS

2.1 Field SamPling

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

downcoast from SONGS Unit 1: 700m, 1100m, 1900m, 3200m (18m depth) or

3350m (8m depth), 67008, and 9400m (Figure 1). Note that to obtain the distances

in reference to tle midpoint of Unia 2 arrd 3 approximately 300 meters should be

subtracted as the Units 2 and,3 diffusers are located downcoast from Unit 1.

The 8m depth was selected because it corresponded to the depth of water in

which the SONGS intakes are located. The 18m depth corresponds to the depth at

the seaward end of tle Unit 2 diffuser, the diftuser which extends farthest offshore.

It was predicted that the discharge plume of the diffusers would generally be

directed offshore and that the plume would be pushed either uPcoast or downcoast

depending on ambient lsngshore curent conditions. I-ongshore curreDts move in

the doumcoast direction approximately 60Vo of the time (Marine Review Committee

Final Technical Report L: Physical and Chemical Oceanography) and the sampling

stations were placed at six distances in this direction to provide an estimate of the

distance over which the effects of SONGS would extend.

Each [engshore station was perrnanently marked by a spar buoy attached to a

steel plate on the bottom. On each suryey, divers collected at least three sediment

cores for phpical/chemical (P/C cores) analpis and at least four cores for anaiysis

of the bentlos (BIO cores) at each station. The cores were taken at randomly

chosen iocations within a circle 20 m in diameter centered on the bottom piate (see

Appendix B, Subsection 82.1, of Barnett et a1,1987, for a complete description of

t
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the field program protocol).

The P/C core was 5.1 cm in diameter, had a zurface area of 20.6 cn2 and was

inserted 8 cm into the sediment. The core was removed from the sediment and

capped from beneath. The BIO core was 7.6 qm in diameter, had a surface area of

45.6 en2, and was inserted 10 sn into the sediment, dug oug and capped from

beneath. Cores were placed in labeled bags and transported back to the laboratory

for processing.

22 Laboratory Analysis

22.1 Analysis of BIO cores

Sediment from the BIO cores was washed througb a 05 mm screen and the

retained material fixed with 5-70Vo buffered Formalin-freshwater. After 48'72

bours, the Formalin was replaced with 70Vo isopropyl alcohol for long-term

preservation of the sample.

Three of the four BIO cores taken at each station were analyzed aod one was

stored for possible funre reference (see Appendix B, Subsection B.22, of Barnett,

et aL, 1987, for a complete description of the laboratory analpis protocol). The

fourth core collected at the station was usually the one stored. Samples designated

for analysis were first sorted for animals under a dissecting microscope at 1G'12X

magmification Animals were placed in labeled alcohol-filled vials according to four

taxonomic categories' crustacelns, molluscs, polychaetes, and "others" (other phyla).

Nematodes were counted but not removed from the sorted sampies. Animals within

each taxonomic category were identified to the lowest taxon possible.

t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I6



,l
I
I
I
I
t
I
I
:l
I

I
1
t

i,f

I
ig

After the animals were identified, animals from each of the replicate cores

were combined according to ta,ronomic category, excess alcohol was removed by

vacuum pump for 10 seconds, and wet weights of each of the four groups were

measured to the uearest 0.01 gm-

After fts animals were removed, the remaining material from eacb of the

three replicates from a station were combined, and the average macrodetritus

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

macrodetritus was poured off onto a preweighed filter. Macrodetrinrs was identified

to categories of old (anoxic) and new terrestrial particles, marine macroPhytic

particles, animal firbes, organic particles, and inorganic particles. The percent

composition (to the nearest SVo) of.each category was visually estimated. The fiIter

was then dried at 80" C for 7UL2 hours and weighed (to nearest 0.01 grn). The dry

weigbt of the composite macrodetritus samples was divided by three to yield an

estimated mactodetritus dry weigbt per core. During the preoperational and

interim period, the tlpes of maclodetrins were not identified.

Counts for the identified ta€ were reported as number per core. Composite

wet weight biomass measurements were reported for each station as total wet

weighl The estimated macrodetrinrs dry weight and percent composition were

reported for each sample.

222 Anzlysis of P/C oores

In the laboratory, P/C samples were split longitudinally (Appendix B,

Subsection f'2.I, of Barnett, et aL, 1.987, contairs a compiete description of the

protocol for sample processing in the laboratory). Two composite sampies were

,l
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made from tbe halves of the three replicate cores. Each composite sample was then

homogenized. One sampie was analped for grain size and totai organic carbon

(TOC). The other was analped for chlorophyll-4 phaeopigments, and organic

nitrogen (Organic nitrogen analpis was discontinued in 1984 after no variation

with distance longshore or time was obserrred.)

Sediment cores to be analped for grain size were stored at 0oC. For the

analysis, a2U50 mt zubsample was transferred to a240 ml bottle, mixed with 150 ml

of deflocculent (sodium hexametapbosphate), and allowed to stand overnight.. The

sand fraction uras shaken through and collected on eleven U.S3- Standard Testing

Sieves, which ranged in 05 phi intennls from 4.0 to -1.0 phi (see Appendix B,

Subsection B,23.1 of Barnett, €t d, 1987, for a complete gfain size analysis

protocol). When combined with the silt-clay weight" the weights of tbe fraction

retained on each sieve and on the bottom catch plate gave the grain size distribution

for each sample.

During the preoperational perio4 the fraction of particles smaller than 4 phi

was reported as'percent silt/clay''. Beginning with the March 1982 survey, pipette

analysis of the silt/clay fraction (5 phi to 8 phi) in whole phi intewals was added to

the sieve analysis of the sand fraction.

Total organic carbon (TOC) in sediment samples was measured with an

Oceanography International model 52+B analper (Appendix B, Subsecti ot B 23 2,

of Barnett" et aL, 1987, provides the protocol for TOC analysis). Subsamples (2&50

g) were dried at 7@ C for 12 hours, ground to powder, placed in preweighed and

precombusted ampules, and reweighed. Phosphoric acid and potassium persulfate

were added, then oxygen was introduced to oxidize and purge the inorganic carbon-
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The ampules were next sealed, heated in an autoclave, and the COz measured with

a non-dispersive infrared analyzet A standard cun/e was generated by measuring

the CQ evolved from known concentrations of potassium biphthalate.

23 The Study Periods

Sixteen Before surveys were made at both depths. Fifteen were made otr a

triweekly basis from November 1979 to November 1980, and an additional survey

was conducted in June, 1981. During the After period 31 surveys at both 8 m and 18

m depths were conducted from June 1984 to December 1986. The sampling dates

are presented in Appendix A

The frrst After survey was made in June, 1984, approximately twelve months

after Units 2 and3 obtained operating levels characteristic of the After period. This

detay was intended to allow any cumulative SONGS-induced changes in the benthic

environment to be reflected in the benthic community.

2.4 Analytical Methodologr

Numbers and biomass of particular ta,ra and in pooled grouPs of ta"ra

("trophic-motility", or TM, groups, see Section 2.4.2, below) were the basic variabies

used in the analytical procedures. The test variabies were the total numbers of

organisms pet ta(on or group h atl cores combined from each location at a given

depth.

Also basic to the analytical procedures was that data from the 8 m and 18 m

depth contours were analyzed separately. In most of the analyses the 700, 1l'00,
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1900 and 3200/3350 meter stations were treated as separate Impact locations and

the values from the 6700 and 9400 meter locations were averaged and treated as the

Coatrol. The mean of the two fur locations was used as a single Control for three

reasons. First, SONGS' effects were not expected to extend as far as the 6700 meter

location (see Final Technical Report L: Physical/Chemical Effects of SONGS) and

our analyses indicate that this is tnre (Section 2.4.4). Second, the mean of the 6700

and 9400 meter locations makes for a more statistically stable and representative

Conuol Finalln sepfining the two distant stations gives a more straightforward

and easily interpreted statistical analysis than would a set of analyses using each of

these stations separately as a Control.

Previous experience with MRC data cautioned us to the effect of many zero

abundance values on the results of the test for changes in abundance. Many zero

values allow the constants added to the log transformation to overly influence the

test results. Consequently, prior to statistical analysis, the ta"ra (both individuai and

pooted) and TM groups were screened for the occurrence of zeros; taxa or TM

groups with over 50Vo r.erasat any sampling location during either Before or After

periods were eliminated from the analytical procedures.

2.4.1 Individual taxa

Over 600 ta€ were identified in the laboratory. However, most occurred

infrequently and at low abundance. From the 8 meter depth we tested seven

individual ta,xa for abundance changes: the polychaete worns Acesta catheinae,

Amastigos astttts, and Pionospio Wgmaeai the amphipods Jassa falcata and

Meporynhs menziese; tle cumacean Diastytopsis teranis, and unidentified nematode

worms. The record of their frequency of occurrence is presented in Appendix B.
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Sixteen ta,ra from the 18 meter depth were tested for abundance changes.

They include frve polychaetes (Acesta catherinae, Aicidea wassai, Mediomastus

californiensis/antbbeta, Parapionospio pinruata, Pionospio Wgmaeq and Tanbeia

gracilis), lsur amphipods (Jassa falcatq Rheporynius sp. juveniles, Rheporynius

stmodes, and SycheMhtm slnemalcei), tbree ostracods (Euphilomedes

carcharodonta, Parasterope hutingsi atd kttiderma rostrata), a tanaid (Leptochelia

&$ia), a bivalve (Tellina modesta),and unidentified nematodes. The record of their

frequency of occurrence is presented in Appendix B.

2.42 Pooled taxa and Tbophic Motility groups

Two approaches have been used to reduce and simplify the complex

information yielded by species assemblages. One approach is purely mathematical

and uses multivariate techniques to classify sampling locations into pooied groups

based on their species composition or to group species based uPon their distribution

(e.g., Boesch, 19?3; Smith, 1976; Doney et a1.,1983; Stull er al., L986). Because the

classification method is largely descriptive, tests of significance are of doubdul

validity. In addition, this approach does not address the underlying factors that

affect the organization of the community.

A second approach, followed here (and described in detaii in Barnett et aL,

Lg87), entails aaalFing taxa falling into groups defined on the basis of ecologicai

information about life cycles, distribution, or trophic relationships (ag., Fauchald

and Jones, L978; Pearson and Rosenberg, 1978; Whitlatch, 1980; Dorsey et aI.,

1983). The use of trophic groups provides numbers that are amenable to hlpothesis

testing, althougb it is sometimes difEcult to assign unambiguousiy some species to a

well-defined group, often because the feeding behavior is either variable or poorly
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known. Despite limitations, the analysis of the abundance of these trophic grouPs

may provide insigbt into the observed variations within and benreen habitats, and

they are, therefore, useful tools for impact assessmenl

As described in Barnett et aL, 1987, feeding ty?e has been used widely for

classifying benthic taxa (ag., Sanders, 1958 and 1960; Young and Rhoads,l9Tl;

Bloom et al, tg72). More recently, feeding qpe has been supplemented with

criteria such as species motility and preferred feeding site (Woodi*L976; Fauchald

and Jumars, L9/9;Whitlatc[ 1980; Brenchley, 1981.; Van Blaricom' 1982; Dorsey er

al., tg83). For this report we have followed MEC's defined funaional grouPs in the

benthos as collections of taxa sharing common trophic and motility characters. The

macnofauna at 8 m and 18 m stations were assigned by Barnett et al- (L987) to

trophic/motility (TM) groups (Appendix C) based on descriptions in the literature

of their depth in the serliment and mode of feeding, ffid of &e motility associated

with feeding. Species belonging to tle same genus were assu ed to possess similar

functional characteristics unless otherwise specified in the literature. Depth of

fesding was defined as whether the organism feeds at the sediment-water interface

(Surface) or below the sediment surface (Subsurface). Mode of feeding refers to

whether an organism is a suspension-feeder, deposit-detritus feeder, catnivore, or

omnivore. Further, the motility associated with feeding differentiates between

organisms that either activeiy move in search of food (motile), forage within a

restricted area (discretely motile), or feed from a stationary position (sessile).

Some ta:ra have been reported to use more than one feeding mode. In

addition, feeding modes are poorly known for many benthic organisms, &d

distinctions between some modes can be anificial or obscure. For these reasons'

information on depth in sediment and mode of feeding was organized into eight
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categories: subsurface deposit feeders, surface deposit or detritus feeders, surface

omnivore-deposit feeders, surface suspension-deposit feeders, surface suspension or

filter feeden, surface carnivore-omnivores, &d subsurface carnivore-deposit

feeders. Thus, benthic animals were pooled into eight feeding types and three

motility r)?es and each taron identified in the study fell into one of 24 potentially

occgrring TM groups. Of tbese, 18 actually occurred in this study, and 13 occurred

with suffrcient frequency to test for abundance changes (Appendix B). Severai

ta,xonomic gtoups, all the polychaetes for example, within a TM grouP were aiso

tested. Finally, several combined categories,Le, all surface feeders, all subsurface

feeders, all polychaetes, ete, were also tested. In total, 26 pooled ta:ra and TM

gtoups were tested at the 8 meter depth arrd 42 at the 18 meter depth. A record of

their frequency of ocqurence is presented in Appendix B.

2.43 Biomass

At both depths, four aggre3ate measures of biomass (in gms of wet

weight/core) were also tested for Before-After changes: polychaete biomass,

quttacean biomasg molhtscan biomass, and total biomass. A measure of biomass

was made ss alms5f every sun'ey (as indicated in Appendix B).

2.4.4 Test for changes in abundance

The soft-bottom benthos was sampled at several Iongshore distances from

SONGS. Therefore, to examine period-by-location interactions, ia, potential plant

effects at the various distances in the After period, we used a multivariate form of

the Before-After-Control-Impact-Paired test procedure used in other MRC

analpes. We tested for significant Impact - Control differences (deltas) for all
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Impact stations simultaneously. For preoperational (Before) and operational

(After) periods we tested the null bypothesis of no difference in the vector of mean

deltas againsl the alternative of any difference where the elements of the vectors

were tbe deltas betrveen each Impact station and &e Control:

It: (Amo, Arrm, Argoo A$so)B.ror. =

(Amo Arroo Arsoq Ag3so)Arr.,

againsl

Hr: (A7s6 Auoo Arsoo, Asso)B.ro-

(Amo, Arroo Ap66, Atgso)Aftct

Thus our uull hypothesis (IL) states that the mean delta for each lmpact - Control

pair is the same in both tbe Before and After periods. According to our alternative

hypothesis (Hr), we reject H"tf any of our four Impact - Control pairs has a different

mern delta in Before and After periods. (For those variables where tle results of

this test on the vectors with four Impaa deltas indicated effects at the 3350 meter

locations, we ran the same multivariate analyses using the 6700 m satiotr as an

additional rmpact station and the 9400 m station as Control. This analysis helped

determine if SONGS' effect extended beyond the 3350 m station to the 6700 m

station)

The test procedure employed was a multivariate analysis of variance (SAS,

1985, GLM procedure). The data were log-transformed before deltas were

calculated. Since there were instances of zero density, a coastant was added before

taking lop. The tess of assumptions and the t-test were run for a range of constants

(.01, .1, and L). In genera! $/e present the results associated with the log (x+ 1)

wheri this transformation passed the assumption tests. Results associated with one
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of the other transformations are Or.ruo,.O otherwise. Note, however that the

choice of constant rarely affected the atpha level of the test result.

As described in Interim Technical Report 2: Sampiing design and Analytical

procedures, additiviry is the most imponant criterion for analyses involving Impact -

Control differences. We tested for additivity on non-transforrted, Iog(X+ 1),

log(X+O.l) and log(X+0.01) using the Tukey test. In most instanc€s log(X+1)

passed Tuke/s criterion for additivity. We do not report results for a variable which

did not pass the test of additivity.

To estimate the size of the effects at each location and to test the indicated

gfuange at each station for statistical significance, we ran a separate BACIP analysis

for each Impact station, comparing it with the Conuol. We chose to use individual

BACIP tests over simultaneous tests for the following reason. Tests on individual

ImFact - Control pairs were performed on a slightly different data set than was the

multivariate test, since we sliminatsd sunte)ts of zero occurreoce at botb the Impact

and Control sites being tested. Eliminating these zero-zero pairs has been

comnonly used in MRC studies to remove data which have no useful information

with regards to differences but which tend to (falsely) reduce variance. We felt that

it was better to eliminate zero-zero pairs and test individual differences with their

estimated menns and variances than to use simultaneous tests, which would inciude

me2ns and variances (and covariances) computed over rgro-zeto pairs, these zeto-

zero pairs ocanrring at not only the Impact - Control pair being tested but at other

Impact- Controls pairs as well.

We calculate tle percent relative change in the following manner:

,f
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The difference between preoperational and operational deltas, symbolically

M , based on log transformations, is given by:

66 = (log(t's*U)- log(t'k'U)) - (log(U) - log(k'U)).(1)

U is abpndance at SONGS in the,Before period. k is the multiplier lslsting

Control abundance to Impact abundance (location effect). If Impaa and Control

were of equal abundance in tbe preoperational period, k wouid have been 1'- t is the

multiplier due to glangeS in time, from preoperational to operational periods. t is

the same for both Impact and Control. s is the multiplier due to SONGS operation

and onty affects Impacr For example, if there were a 50Vo deelilre s would equal

05. Equation (1) can be simplified to:

M = log(s). (2)

Back-calarlating s from equation (2), tbe relative percent chrnge is gven by

7o cbange = (antilog(M)-1) x 100.

Note that tbe estimate of percent relative change at each Impact location is

based on the geometric means associated with the log transforrration used in the

BACIP test procedure, and not on the arithmetic meaqs of the abundances observed

at the various locations and periods. (The arithmetic means of the various taxa and

TM groups are presented in Appendix D.)

In many cases, the estimate of percent relative change is not precise.

Because zero abundances occur at times, a constant is added to the Iog

transformation Estimates of percent relative change can be sensitive to the
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co1stant chosen, partiarlarly in those species whose survey'by-survey data have a

higb proportion of zeros at either Impact'or Control iocation. Also note the

asyumetry in the reported percent increases and decreases. While a doubiing is a

t00Vo incnease, a halving k a 50Vo dectease. Inseases can exceed 10074, but

decteases cannot. (Percent changes are translated into "factors" or "folds" in

Appendix E).

2.4.5 Tlends in Deltas with Tlme - Analysis of Covariance:

We tested for potential effect5 of SONGS which change over time by testing

for linear trends in the After deltas againsl 1isls. Our test was an analysis of

covariance, with time as the covariant aod tocations as a "class variable". We also

examined plots of the deltas vs. time for each station. Trends in the deltas mean

that values recorded at an Impact site steadily changed relative to values recorded

at Conuol.

We performed an analysis of covariance for preoperational and operational

periods separately as follows: (1) We tested whether the rate of change of the deltas

through time varied among tbe Impact-Conuol pairs, i.e., was the trend for 700 m

station - Control = trend for L100 m station - Control, etc. (2) Failing to reject this

hpothesis we tested whether the trend in deltas from all locations combined

equaled zero. (3) If the hlpotbesis of equality of linear trends in time among

stations was rejected, we tested for linear trends in deltas for each station separately

with a simple linear regression We plotted trends in deltas over time for both

preoperational and operational periods by station-Control pair.

Test variables for which the deltas had significant temporal trends in the
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preoperational period violate the assumption of a single mean delta" an assumption

needed in testing the equality of equai preoperational and operational mean deltas.

Flowever, some trends detected in the preoperational period either changed

direction or increased dramatically in the operational period. Consequently, rather

&srr sliminate variables with significant trends in the deltas in the preoperational

period we ask whether these trends have changed in the After period. Such a

chznge would suggest a SONGS effect.

2.4.6 Corelations between Biologicat and Physical/Chemical Variables

'We estimated the correlation and its statistical significance (p<0.05) for the

relationship between each of the physiel/chemical variables and the abundance of

the individual taxa TM groups and biomass. The physical parameters of the

sediment measured and tested were: (1) mean grain size, (2) grain size dispersion,

(3) grain size skewness, (4) percent coarse sand, (5) percent silt/ctay, and (6)

median phi size. Chemical parameters measured and tested were: (1) chlorophyll

concentration, @ CaCOa concentratioD, (3) phaeopigment concentration, (4)

chlorophyll-phaeopigment ratio, (5) organic carbon concentration, (6) organic

nitrogen concentration, (7) carbon-niuogen ratio, (8) percent inorganic partiotlates,

(9) percent marine macrophyte partiorlates, (10) Percent new terrestrial

macrodetrinrs and (11) percent old terrestrial macrodetritus.
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3.0 RESULTS

3.1 General description of the fauna

The benthos of the soft sediments in the snrdy area was composed of a large

number of species representing a wide variety of ta:ronomic grouPs. Over 600 ta:ra

were found in the benthic samples during the snrdy period. Most, however, were

rare, infrequently found and in small numbers. Although over 500 t&xa were found

at each of the two depths sampled, there were obvious differences in the

composition and abundances within the species assemblages from the two depths.

Furthermore, the assemblages at both depths changed in relative composition from

Before to After periods. Sorting the SONGS-induced sfoanges in the benthos from

larger scale chenges which occurred throughout the study area is the subject of

Sections 32 and 3.4 below. In this sectioo, we present a brief overview of the gross

characteristics of the benthos and the cbanges tbat occurred in it. A more detailed

description of the fauna and its effinities is presented in Barnett et aL L987 -

Throughout the study period, polychaete worrns, crustaceans, ad molluscs

generally accounted for 95Vo of the total individuals at sampling locatiors at both

depths. Polychaetes were the most abundant ta,ronomic group, accounting for

roughly 60Vo of. the numbers throughout the study period. Crustaceans accounted

fel senghly EVo atdmolluscs I}Vo of.totai numbers. In spite of these similsrilis5 in

large taxonomic groups, otber aspects of the species assenblages at the two depths

differed markedly. (Appendix I contains the frequencies of occurrence and mean

abundances of all TM groups at all location/period combiaations.)

The benthos at eight meters was not as speciose as at eighteen meters. If
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ouly those ta.:ra which occurred 50Vo of. the time at any one sampling location in

either period axe counted (taxa ocorrring less frequently are considered too rare

and are not considered further in this repor! but see Appendix J for a complete

listing of occurrences and abundances of all ta,xa), 46 were found at eight meters and

85 at eigbteen meters. (These species are tested for changes in frequency of

occrutence in Section 3.4 and are listed in Tables 16 and 17). The average number

of taxa found per sample at eight meters was approximately 8 and at eighteen

meters itwas approximately 21 (Appendix K).

In the Before period, the mean total abundances were similar at both depths,

between 56 and 83 individuals per sanple. However, in the After period, this

number dropped at eigbt meters to between 31 and 43, but incteased at 18 meters to

between 88 and 106 (Appendix D).

There were marked differences in species composition at the two depths.

Reviewing the nnrenty most abundant taxa present at each sampling location during

each sampling period (Appendix L), indicates that, in general, the most common

qpecies at one depth urere uncorlmon at the otler. During the Before period, the

most abundant species at the eight meter depth were the polychaetes, Owenia

collsis and Amastigos asttu.t, and the cnrstacean Diastyopsis tenuis. These species

were uncommon at the 18 meter depth. Similarly, the most abundant ta"ra at the

deeper sites were the polychaetes, Mediomastus califumierub/ambiseta arlrd Nepthys

sp, and unidentified nematode worns. These taxa, in turn, were unco[lmon at the

shallow sites. Only the polychaete Pionospio Wgmaea, and the mollusc, Tellina

modqtawere relativeiy comrnea at most locations at both depths.

During the After period the dissimilarity between the wo depths remained,
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althougb the species ranla at both depths changed somewhat. Mediomasns

californiensis/unbiseta, unidentified aematodes, and the cnrstacean

Aanrninodantoptts heteruropus were the three ta"ra with the highest average ranks at

18 meters in the After period. (Note that one of the major changes in the species

assemblage at this depth was the dectease in abundance of. Nepthys sp. throughout

the snrdy area) Agai4 these three tara were unco''rr'ron in shallow \nater'

The most striking change from Before to After in species ranls occurred at

the eight meter depth. Here the two most abundant species in the Before period,

Owenia collaris andAmastigos aLlttu,s,were greatly reduced in numbers and, in the

case of Owenia, occurrence throughout the snrdy area in the After period. In fact,

the loss of these two species accornts for a large percentage of the declease in total

abundance seen througbout the area in the After period. During the After period,

Diastylopsis tenuis and Pionospio pygmaea became the most abundant species at this

depth.

It is important to note that in spite of pronounced changes in the abundance

of individual species, most common ta:ra at both depths were Present in both Before

and After periods.

32 Changes and trends in abundance

In the following we present the resrilts of both the multivariate test for

abundance glengeS and the analyses for temporal trends in the After deltas. These

results are presented for the 8 meter depth first and then for the 18 meter depth.

Note that in the Tables of results regarding changes and trends in TM groups

27



only the result for the combined TM group is presented if the abundance of that

group is composed alme5f exclusively (90Vo or more) of a single tCI(onomic

subgroup. This reduces redundancy among the test results presented. However,

when a TM group has several ta:ronomic groups contributing significant portions to

is total number, test results for both the subgroups and combined grouP ar€

presented. Resuls of tests on all TM groups and subgroups are Presented in

Appendices F and G.

32.1 Eight meter depth

In general, TM groups and pooled.talra at the 8 meter depth were reduced at

the Impact area relative to the Control. However, while the.mean abundance in the

After period appeared to decline, the TM groups also exhibited positive trends in

the deltas, indicating that &e values sl ImFact steadily increased relative to Control.

In ttrrn, this suggests that the benthos was "recovering" from an initial SONGS

effect The chonges seen amdng the individual ta,xa were not as consistent.

Increases in relative abundance, &d both positive and negative trends in After

deltas were detected. In genera! among both ta,xa and TM groups, the detected

sfuanges occurred to at least 1100 meters downcoast of SONGS-

3.2.1.1 Individual tara

Abtmdance chutges

Two of the seven individual species tested dispiayed siguificant (p<0.05)

SONGS' effects, ia, location-by-period interactions (Table 1). Pair-wise tests of

slnng€s in abundance comparing the individual Impact locations and the Conuol

indicate that the abundance of the polychaete Pionospio Wgmaea increased at the
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site nearest the diffuser. (However, as discussed below, this result must be

considered in lighl of a significaff temporal trend in tbe Before Impact ' Control

deltas). In contrast, results concerning a second species of polychaete, Acesta

catherinae, are not as clearly interpreted as a SONGS'effect. This species increased

at ttre location furthest from the difftrser but was not affected at the three nearer

iocations (Table 1).

Temporal tren^

The two taxa which displayed significant BACIP results also exhibited

significant (p<0.05) positive trends in the After deltas (Tabte 2). Acesta catherinae

abundance incneased throughout tle Impact area relative to Control during the

After period. Pionospio Wgmaea, which increased dramatically at the 700 meter

station, had a strong positive trend in the deltas at this location (Appendix H, page

3; Appendix H presents figures of Impact - Control deltas plotted againsl for all taxa

and TM groups that showed either a significant change in abundance or trend in

time). This species also had a significant (p<0.05) trend in the Before deltas;

however, the trend was negative in contrast to that seen in the After period. This

argues that tle temporal trend in the After period is not a continuation of the trend

in the Before and may indeed be an effect of SONGS.

Trends in the After deltas were found in two ta:<a which did not dispiay

significant slanges in abundance. Unidentified nematode worrns exhibited a

positive (p<0.01) trend in the After deltas and Nteporynhs mmziese exhibited a

negative trend (p=0.02; Appendix lt page 5). Rhepoxynius also showed a

significant trend in the Before deltas. However, in contrast to the negative trend in

the After period, there was a positive trend in the deltas of the Before period.

t
?3



3"2.1.2 TM Eoups

Abundanee ehoryes

Significant (1l<0.05) period-by-location interactions were detected in a

number of pooled taxa and trophic-motility groups (Table 3). When all tma are

combine4 the results (p<0.01) indicate a reduction in numbers to 1100 meters from

SONGS. Oae subgroup, all polychaetes, also displayed a reduction in the Impaa

area at 700 meters from the diffusers. In contrast, another subgroup, a//

cnataceatlg iucreased in abgndance at the nvo distant locations (1900 and 3350

meters downcoast) in the Impact area.

When the organisms are sorted by their preferred feeding location in the

zubstrate (either surface or subsurface) effects were seen primarily among the

surface feeders. All vrface feederc combined showed reductions (P<0.01) to 1100

meters. Among the five surface associated TM groups which displayed significant

time-by-location interactions, four disptayed comparative reductions in the Impaa

area- The density of. aII swface, motile omnivore/deposit feederc, which are almost

exclusively srustace2ns, appear to have declined (p=0.03) to L100 meters from the

diffnsers. The density of. all disqete swface su.spension/deposit feed.erc deciined

G=0.01) to 700 meters downcoasl The density of all discrae surface

cunivore/omnivores show reductions (p=0.03) within the Impact area to 700 meters

downcoasl Note that only the result associated with the combined TM group is

presented in Table 3 atthough both cnrstaceans and polychaete subgroups comprise

significant fractions of the total. Tbe crustaceans, however, were oot tested because

they ocanrred too infrequently throughout the study area in the After period. The

polychaete subgroup was tested and displayed a test result similar to that of the

combined TM group (Appendix F).
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Three TM groups increased in relative abundance in the Impact area. The

densityof'allc|ufiaceansdisplayedincreases(p=0.02)atthenvofarthestlmpact

sites (however, the sign of the indicated change at the nvo Impact sites nearest

SONGS was negative). "Other" motilg wrface carnivore/omnivor*, which are mostly

nemerteans, insreased at the 1100 and 1900 meter locations. Another subgroup,

motilg ntrface mnivore polychaetes, decreased.at the 1100 meter station'

but increased at the 1900 meter location

The subsurface TM group mortle deposit feederc was almost exclusively

polychaete worrns, and in the Before period almost exclusively capitellid

polychaetes. However, in the After period paraonid polychaetes accounted for a

significant fraction of this TM group. This last group of worms increased in density

relative to Control at the nrlo distant Inpact locations (1900 and 3350 meters

downcoast).

Temporal trends

Eleven TM groups exhibited significant (p<0.05) trends in the After deltas

$able a). The density of. alt tua combined and of a subgroup, all polychaetes,

displayed signifrcant (p<0.01) positive trends in the After deltas. These positive

trends are notewor&y in that the results of the test on mean abundances indicated

that the density of these groups declined in the Impact area relative to Conuol. The

analysis of trends in the After period indicates, however, that Impact is increasing in

abundance relative to Control. Examination of the delta plots (Appendix H, pages 6

and 8) shows that during the fint year of the After sampling period (198+1985)'

abundances at Impact were less tha.n at Control. However, as the sampling period

progressed this differeoce appears to go away and at the end of the After period,
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abundances at Impact appear to be greater than at Control.

Two otler Foups that decreased in density in the Impact area but showed a

positive trend in the After deltas were all surface forms combined and 'all of the

surface disqete csnivore-omnivore feeden combined. Again, examination of the

deltas plots (Appendix H, pages 13 and 14) indicates an initial period of about a

year when abundances at Impact were less than at Conuol and a subsequent trend

towards greater abundances at Impact.

The one group that showed positive trends in the deltas in the After period

that also showed an increase in abundance was the subsurface motile deposil feed@

paraonid polychaetes.

AIt ntbntrface fonns combined, alt subsurface motile deposit-feederc, and

nrface motile molhtscst carrdvore-omnivorq also showed positive trends in the

deltas in the After period. AII surface motile deposit feederc was unusual in having a

negative trend in the After deltas. None of these TM groups showed a change in

mean abundance from Before to After.

Two TM groups which showed sienificant positive trends in deltas in the

After period, all wbsurface motile carnivore-deposit feeden (which are almost

exclusively polychaetes) also showed signifigail (p<0.05) positive trends in the

Before deltas. However, testing for differences between the slopes and intercepa of

the Before and After trends indicated that the intercepts of the two lines were

significantly different but that the slopes were not. Different intercepts suggest that

tbe trend in the After period is not a continuation of the trend observed in the

Before period.
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Perhaps the most perplexing result is that of combined rurface motile

omnivore/deposit feeden This group, which declined in abundance at the 700 and

1100 meters sites iu the Impact area exhibited trends in the After deltas that

differed in slope amoag sampling locations (Appendix G; Appendix H, page 19). At

700 and 1100 meters, the trend was negative (p<0.01), bui at 1900 meters the trend

waspositive (P=0.01).

3.2.1"3 Biomass

Abundstce choqes

Only one category of biomass exhibited a significant change in its mean

va lue .Po lychaeteb iomassdec l ined(p=0.02)a t the700meterand1900meter

locations (Table 5).

Temporal tends

There were two categories of aggregate biomass at I meters that exhibited

significant trends in &eir After deltas. Total biomass exhibited a siguificant

(p=0.02) negative trend and ia subgloup, molluscan biomass, aiso displayed a

negative trend (p<0.01). Neither of the these categories displayed significant

Before-After changes in mean values.

3.2.1.4 Number of ta,ra per sample

The number of tarra per sampie did not exhibit a significant change from

Before to After period at the eight meter depth (Table 6).
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322 L8 meter depth

In contrast to the mixnrre of increases and decreases in abundance observed

at the shallow d"ptb both individual ta:ra and TM grouPs tended to increase in

abundance within the Impact area at &e 18 meter depth. As was the case in 8

rneters, uends in the deltas occurring in the After period were almost exclusively

positive.

3.2.2.1 Individual Ta,xa

Abundance changes

Eight of the 16 individual taxa tested for abundance chrnges exhibited

siguificant (p<0.05) location-by-period interactions (Table 7). Six of tbese ta"ra

increased at various locations in the Impact area relative to Control, one declined

and one increased at two Impact locations and declined at a third.

The effects were most widespread among polychaetes. Mediomasns

catifornimsis/antbisettis, increased (p<0.01) out to 1.100 metets. Acesta catheinae

G=0.02), increased at 700 meters downcoast from the plant. Tanberia graeilis

@<0.01) increased to 1100 meters but decreased 3350 meters from the plant'

Aricidea wassl (p=0.01), also gives evidence of tending to incnease out to l'100

meters, althougb no single Impact location was detected to be significantly different

from Control

Unidentified nematode worms also incteased in abundance to at ieast 700

meters (p<0.01), and the ostracod Rutiderma rostrata increased out to 1100 meters

from the plant (p<0.01).
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The wo ta:ra that contrast with the others are the ostracod Euphilomedes

carcharodonta (p<0.01) which showed increases at the nro distant locations, and the

amphipodrassafa lca tqwh ichshowedadec lease(P=0.0 t )a t theT00meter

location only.

Temporal trmds

Positive trends in After deltas were detected in seven taxa whiie a negative

trend occurred in only one (Table 8).

Among those ta,xa which showed significant increases in mean abundance,

Acesta catherinac showed a strong positive trend (p<0.01) in the operational deltas

at the 700, 1100, and 1900 meter locations. (The p value for the uend at the 3350

starions was 0.09.) Examination of the delta plot (Appendix H, page 20) indicates

that initially the abundtrnces at Control were slightly higher than at Impact" but over

the operational perio{ Impac't values increased relative to Control throughout the

sarnpling period. This difference in abundance is also apparent in the mean

abundances from the sampling locations (Appendix D).

Aicideawassi exhibited a positive nend (p< <0.01) in the operational deltas.

The delta ploa (Appendix H, page 21) indicates that Control abundances were

greater 16s1 Tmpact abundances during the initial part of the After period at ail

sampling locations. However, Impact abundances then began to increase and by the

end of the sampling period the Impact abundances were greater than at Control.

This ta:ron also showed a positive trend in tbe Impact-Control deltas in the Before

period. However, testing for differences between the slopes and intercepa of the

Before and After trends indicated.that both the intercepts and slopes of the wo
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lines were significantly different (the slope of tbe After deltas was greater than that

of the Before deltas). This suggests that the trend in the After period is quite

different from and not a continuation of the trend observed in the Before period-

unidentified nematodes also display a significant (P<0'01) positive trend in

the After deltas. Throughout the Before period and at the beginning of the After

period abundances at Control and ImFact were similar (or, as at t'he 1100 and 3350

meter stations, Control was generally highgl in abundance). However, during the

After period Impact abundances iocreased relative to Control abundances

(Appendix H,page26).

The abundance of. Ta^tberia gracllis in the Impact area increased relative to

Control throughout the After period (p<0.01., Appendix H-, page 30).

The density of. Rtiderma rostrate had a significant positive trend in the After

deltas (p<0.01). Examination of the delta plot (Appendix tI, Page 28) shows that

while Control values were higher than Impact during the Before and initial After

sanples, Impact abundances increased relative to Control values during tbe

sampling period.

The BACIP test of the mean abundances of the amphipod Rheporynhs

stenoda was not significant (p=029). However a positive trend in the After deitas

occurred (p<0.01), zuggesting that Impact abundances were increasing relative to

Control during the After period.

Likewise even'though the BACIP result was not significant (P=0-26)' the

abundance of Leptochilea dubia, increased in the Impact area relative to Control in
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the After period (p<0.01). Note, however, that this species had significant positive

trends in the Before deltas at two locations (700 and L1.00 meters).

In contrasL tbe amphipod Synchelidium shoemalccri showed a significant

negative trend in the After deltas where the Impact values continually decreased

relative to Control values (Appendix lI, page 29). However, a change in mean

abundance was not detected (Table 7).

3.2.2.2 TM Groups

Abundance chotges

As anong the individual ta"ra more TM groups in the ImpaA area increased

in density relative to Control than declined (Table 9). In fact, only one significant

deciine was detected among the TM goups at any one location (and this particular

TM group also displayed a sienificant increase at a second sampling site).

rWhen all tssare combined the result indicates (p<0.01) increases at three

(700, 1100, &d 3350 meters downcoast) of the four sampling sites in the Impact

area When broken into the component ta:<onomic grouPs, all crustacewts (p<0.01)

increased in the Impact area from 1100 to 3350 meters. AII molhtscs (p=0.0t) and

allpolychaeres (p<0.01.) increased to 1100 meters from the piant.

Althougb both surface and subsurface TM groups increased, the increases

were found further downcoast for the surface groups. The surface groups tend to

show increases at locations throughout the Impact area (i.e., out to 3350 meters

downcoast), while the increase in subsurface invertebrate groups were found at the

two trearer locations (700 and 1100 meters from SONGS).
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The pattern seen in combined subsurface forms (increases out to 1100

meters; p<0.01) was presetrt in several of the various subsurface TM groups. The

various n"tbswface motiJe deposit feeden (which are aimost exclusively polycheate

worms) and ic largest subgroup, capitellid polychaet*, showed this pattern (Table

9). A more complex pattern was seen in a second, smaller subgroup, paraanid

polychaetu. While this group increased at the 700 meter locatio& it decteased at

the location 3350 meters downcoast (the only TM group to show 3 significant

decrease at any location in the Impact area). Combined subwrface motile

carnivore/deposit feederc (which are also almost exclusively polychaete worms),

increased significantly at the 1100 meter location only, although the sign of the

indicated change at 700 meters was also positive.

It should be noted that the TM groups, all subswface motile carnivore/deposit

feederc, arrd all sttbrurface motile depoit feeden had temporal trends in tbe Before

deltas. The effect of these trends on the interpretation of the results will be

discussed below.

TVhen all ntrface forms are combined, increases are observed in the Impact

area at the sites 1100 and 3350 meters downcoasL AII disoete surface deposit feeders

(and its polychaete subgroup) showed relative increases in densities out to 1100

meters (p<0.01). Another group of polychaetes, the discrete, ntrface

cunivore/omnivore potychaetes were more abundant to 700 meters downcoast from

the plant (p<0.01). The more inclusive grouP, AII discrae, surfase

carnivore/omnivoru, showed a significant (p=0.01) test result in the multivariate

analysis, however, significant changes in density were not found when tests on

individual locations were performed.
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The TM group, motile su(ace carnivore/omnivores, is comprised of organisms

of wide taxouomic variety. All tua within this TM grouP increased in density at

1100 meters dowucoast of SONGS. However, the largest subgroup of this TM

group, motile surface carnivore/omnivore mollusu, increased at the 1900 meter

location as well.

Anong the remaining surface groups which displayed signrifiganl results,

relative incteases were seen at locations covering a larger portion of the Impact

area, to 3350 meters away from tbe plant. fre motile surface omnivore/deposit

feeden,which are almost exclusively cnrstaceans, exhibited increases (p=0.01) from

1100 meters to 3350 meters from the plant

AII disoete surface suspension/deposit feederc (p<0.01) and the three

ta,xonomic subgroups tlat make up more tban 90Vo percent of its abundance:

cn$tacecals (p<0.01), molhtscs (P=0.03), arrd polychaetes (p<0.01')' exhibited

relative increases in abundance at either 1.100, 1900 or 3350 meters from the plant.

The combined sessiJe surface xsperuion/deposit feeden (which are almost

exclusively qustaceans) show increases (p<0.01) at both 700 meters and 3350

meters from the plant

Temporal tends

Eighteen TM groups had significant (p<0.05) positive trends in the After

deltas while ouly one had a negative trend (Table 10). Of those with positive trends,

L3 also showed significant increases in their meatr abundances. AII Tma had a

significant (p<0.01) positive trend in the After deltas. The delta piot (Appendix Fl
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page 31) shows that during the After sampling period the abundance at the Impact

sites increased relative to the abundance at Control. Similar Patterns are seen in

two of the combined taxonomic grouPs' all crustacea (p=9'91) and all polychaetes

(I)<0.01).

Similar patterns in trends in After deltas were shown by all surface forms arrd

alt n^tbsurface forms. Both had significant (p<0.01) positive trends indicating that

abundances at the Impact sites were increasing relative to Control during the After

period.

Among the trophic motility groups associated with the subsurface habitat, all

except motile ubsurface deposit feedin7 capitellid polych,aetes exhibited significant

0<0.01) positive trends in the After deltas. However, several of these TM groups

also exhibited sign;ncant (p<0.05) trends in the Before data The group a//

ntbvrface motile cunivore/deposit feeden showed a trend in the deltas from the

Before perigd which had a uegative slope in conuast to the positive slope of the

After trend in the deltas. All motite vbntrface deposit feeden also had a positive

trend in the deltas in the Before period. However, testing for differences between

the slopes and intercepts of the Before and After trends indicated that the intercepts

(but not the slopes) of the two lines were significantly different. This argues that the

trend in the After period is not a continuation of the trend observed in the Before

period (Table 10).

Among the surface dwelling TM groups, all discrete carnivore/omnivore

feeden displayed a positive trend in After deltas (p<0.01). Likewise, all motile

catnivore/omnivore feeden showed zuch a uend (p=0'01)' Two subgroups of this

last TM group, polychaetes and "otlrcf', also displayed similar trends in the After
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deltas (p<0.01). These subgroups, bowever, did not show significant relative

increases in density.

All disqete rurface uspewion/deposit feeden (and the subgroup, crustacea)

showed significant (p<0.01) positive trends in the After deltas.

AII motite surface omnivore/deposit feeden (which are aimost exciusively

cnrstacea) exhibited a positive trend (p<0.01) in the After deltas at only one

Iocation,3350 meters.

All disqete, omnivore/deposit feders (which ,are exclusively cnrstilgsans), All

sessile stsputsion feden (and the subgroup polychaetes) exhibited significant

O<0.01) positive trends in the After deltas. These groups did not exhibit significant

changes in relative mean abundance.

Atl wrface deposit feeden (which are almost exclusively polychaetes) was the

oniy TM group that showed a significant (p<0.01) negative trends in the After

deltas indicating that the Impact abundances were dsglining relative to Controi in

the After period. This group did not show a significant change in mean abundance.

3.22.3 Biomass

Abundance changes

No significant glanges in the mean values of biomass were detected.
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Temporal trends

Cntstacean biomass was the only category of aggregate biomass that exhibited

a sigprficant trend (positive P=0"03) in the After deltas.

3.2"2.4 Number of ta"xa per sample

The number of taxa found per sarrple increased at the 700 meter location

relative to Control (p<0.01; Tabte 6).

333 Efrects at 6700 meters from the plant

Results of some of the tests for abundance changes indicated that the

slanges occurred throughout the Impact area to 3350 meters downcoast from the

plant. To test whether the effect is found further away, a second multivariate

BACIP analpis was performed on these groups, comparing the mean deltas at five

"fmFact" locations (700, 1100, 1.900, 3350, and 6700 meters away from the plant) to

the mean deltas at the most distant sampling location (9400 meters). If this second

analysis indicated that the percent relative slang€ occurring at the 6700 site was

similar in direction and signifrcance to those at 3350 meters, it would suggest that

the effects in the Impact area had extended to 6700 meters away from the plant. On

the other han4 if the percent relative sfoange was different, particulariy if the sign of

the change is different from those within 3350 meters, it suggests that the potential

plant effect does not extend to 6700 meters.

This second analysis was performed on only one individual taxon, Acesta

catherinae, and two TM gfoups, combined cn$taceuTs arrd wbsurface motile deposit

feeding paraonid potychaetes, at the 8 meter depth because they were the only grouPs
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at this depth that showed a sigrrifigant effect at 3350 meters downcoast from SONGS

(Tables 2 and a). The result of the second analysis indicates that an effect was

detected at the 6700 meters location n all crustacea only (a 49Vo retative inctease,

Table 11).

The results of the tests on the ta,ra and groups from the 18 meter depth

suggest that effecrs seen within the Impact area on Euphilomedes carcharodonta do

not extend to 6700 meters downcoast. The result concerning Tattbeia gracilis is

difficutt to explain in terms of an effect of SONGS. While increasing siguificantly at

the nvo locations near the generating station, it declined at both the 3350 (a6Vo)

and 6700 (a9Vo) meter locations (Table 11).

Two TM groups tested give results that suggest the SONGS effect may,

indeed, extend to the 6700 meter downcoast location. The effects are relative

increases in alt su$ace sessile nspension/deposit feederc (which are almost

exclusively cnrstaceans) and in discrete wrface uspension/deposit feeding molhtscs.

The result concerning a third group, stbsurface motile deposit feeding paraonid

polychaetes, is diffrcult to explain in terms of an effect of SONGS. While increasing

significantly at the location nearest the generating station, it deciined at the 1900 (-

4wo),3350 (a8%o) and 6700 (42Vo) meter locations.

33 Retationships with physical/chemical characteristics

The densities of tbe individual ta,xa and TM groups were regressed against

seventeen different measures of the physical/chemical characteristics of the

serliment in which they were found. The results indicated that, in general, while

they were often significantly correlated, the correlations benveen the p/c variables
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and the densities were weak. The results also suggest that densities of animais were

more tightly correlated with p/c variables at the 18 meter depth than at the 8 meter

depth.

The physical/chemical parameters that were most frequently significantly

0<0.05) correlated rn'ift animal density varied somewhat between the eight meter

depth and the 18 meter depth (Table 12). At 18 meters 50Vo or more of the TM

groups exhibited significant relationships with the skewness in grain-size

distribution, chlorophyll content, or phaeopigment content. These variables, in

addition to dispersion of the grain size distribution, organi6 carbon content and

percent old terrestrial particulates, were the most commonly correlated variables

among the individual taxa at eighteen meters.

Among the tana and groups from eight meten, correlations did not occur as

frequently as at 18 meters. The ma:cimum occurrence of correlations with particular

variables was only LSVo. Again the p/c variables that were sigrrifiqanl srtt,

frequently among the TM groups were grain size dispersion, chlorophyll content and

phaeopigment content. Several other characteristics, grain size skewness, mean

grain size, median phi, percent coarse sand, and percent inorganics, were also

frequently correlated with the abundances of individual ta,ra.

Biomass at 18 meters was most frequently correlated with chlorophyll

content (80Vo of the tests), and grain size skewness (40Vo). Percent of inorganic

particulates, chlorophyll contenL organic carbon content" and percent old terrestriai

particulates were the most co--only (20Vo) correiated parameters with biomass at

the eight meter depth. Again, the frequency of significant correlations between p/c

variables and densities of the benthos was higher at 18 meters than at the eigbt
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meter depth.

However, while there were many significant correlations, the median R2 of

these correlates is very low, less than 0.07 (Table 13). Relationships with

correlation coefEcients greater than 20 were riare, ocanrring in less tban SVo of the

tests (fable 14). The strongest of the individual relationships between TM groups

and P/C variables was the negative relationship (p=0.0t, Rz=0.81.) between the

density of. discrae wrface dwelling omnivore-deposit feeding crustclcectns and the

percent of CaCOs io 9" sediment at the 18 meter depth. These results indicate

that" atthough there are relationships between abundance and the physical/chemical

parameters measured, in general, they do not account for more than a very small

portion of the variance in the abundance data

3.4 Changes in frequency of occurrence

In Section 32 above, we considered those ta,xa whose frequency of

ocqurence exceeded 50Vo at each locaton in both penods. Thus we were able to

test for sfoang€S in abundance relative to Control along a gradient of distances from

SONGS. However, by setecting species based on this criterion" we may have missed

potential SONGS effects that wouid result in decreases (or increases) in the

frequency of occurrence in the Impact area in the After period. Therefore, in this

Section we examine a larger suite of species for potential plant effects on the

relative frequency of occurrence at Impact and Control locations. The results

reinforce tle conclusions based on the N{ANOVA analysis: more ta.:<a increased

than decreased in frequency of occurrence in the Impact area relative to Control,

panioilarly at the 18 meter depth.
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3.4.1 Eight meter depth

Most of the taxa etrumerated by MEC were rare. For example, the list of

taxa found at the 8 meter depth exceeds 500 (AppendixJ). However, of these, only

46 occurred 50Vo of the time at azy one location in either period. These 46 taxa

listed in Table 15, account for 9G98Vo of all individuals of the benthos at this depth,

depending upon the location/period combination, and constinrte the bulk of the

most abunda.nt talra found at any iocation in either period (Appendix L).

To differentiate the effects of SONGS operation on these less frequently

oceurring taxa from larger scale phenomenon, such as the El Nino which occurred

between the Before and After periods and which is expected to affect ail sampling

locations, we compared their frequency of occurrence at the 700 m location (the

location most likely to be influenced by SONGS) with the most distant location,

9400 m, in both periods with a chi-square statistic.

Twenty-four tar€ were present at least 50Vo of. the tirne at any one sampiing

location in both periods. Of these, three (Nymphon heterodentintlaunt, Pectinaria

californiettsis, and Synchetidium shoemalceri) showed significant increases in relative

frequency between Impact and Control in the After period and suggest an effect of

SONGS. Two tax4 Goniada littorea andTellina modesta, showed relative decreases

in frequency of ocoureuce.

Some tarla exceeded the occurence criterion in the Before period only. A

number of the Before" tana essentially disappeared throughout the study area

(Appendix I). Perhaps the most striking of these results is that of. Owenia collaris.

This worm was the most abundant ta,ron at this depth in the Before period and all
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but disappeared from all locations in the After period. Among these L3 "Before"

tana which eitber disappeared throughout the study area or whose frequenry of

occrurence was reduced, there is evidence of a plant effect on one only. Typosyllb

hyalina,was tbe only tar(on at either depth tlat became absent near SONGS while

remaining present at Control in the After period.

Ten taxa met the occurrence criterion in the After period only. Of these

"A.fter" tax4 four (Ampelisca agassizi, Dendraster acentrians, Paraonella

platybrmchiata, and Atyltts tridew) were significantly more frequent at the Impact

location thaa at the Control. No ta:ra was significantly less frequent at Impact than

at Control

The observed cha'lges in frequency of occurrence of all 46 tar€ are

srrmmxli2sd in Table 15. Seven taxa significantiy (p<0.05) increased at Impact

relative to Control and three decreased. Statistically significant changes were not

detected in the remaining 36 ta:ra

3.42 Eighteen meter depth

The number of tara found at the 1,8 meter depth also exceeded 500, and as at

the 8 meter depth, most of the ta,xa were rare (Appendix J). However, compared to

the 8 meter drptl, more ta,xa (85) occurred 50Vo of. time at any one location in

either period. These 85 taxa, listed in Table 1.6, account for 90'98Vo of all

individuals of the benthos, depending upon the location/period combination and

consti1rte the bulk of the most abundant tara found at any location in either period

(Appendix L).
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The frequencies of occurrence of these 85 ta"ra at the 700 m location were

compared to those at the Control location, 9400 nr, in both periods with a chi-square

statistic.

Forty-nine taxa were present at least 50Vo of. the time at any one sa^mpling

location in both Before and After periods. Of these, 15 increased in relative

frequency (p<0.05) at Impact from Before to After periods. These include six ta:ra

whicb were less frequent at Impact than at Control in the Before, but equally

frequent in the After. In contrast, no tal€ were less frequent near SONGS in the

After period. Statistically significant differences in the frequenry of occurrence

were not detected in the lsnaining 33 taxa that met the occurreoce criterion in both

periods. The obsenred changes in frequency of occurrence all 85 ta;€ are

sumnarized inTable 16.

Fifteen tal€ met the occurrence criterion only in the Before period. Of these

tax4 only one showed a significant change in frequency of occurrence. Cantpylaspis

rubromaatlants was more frequently found at Impact than at Control in the Before

but not so in the After period. This change suggests that its occurrence was

adversely affected by SONGS.

Twenty-one tiu€ met the occurrence criterion in the After period only (Table

16). Of these, three :mx4 Muwtogonium tillerae, Podal<copsis brevipalpa, and

nnidentified juvenile ophiuroids, increased in relative frequency of occurrence at

Impact and one, Spiophanes bombyx, decreased. A second species, Caprella mgusta,

was less frequently found at Impact than at Control in the After period, but because

it did not occur at any location in the Before period, it is not possible to determine if

the After distribution is effected by SONGS. Statistically significant differences in
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the frequency of occrurence were not detected in the remaining 16 After taxa.

When all changes are summed, 18 ta"xa increased at Impact relative to

Conuol and nvo decreased. Statistically significant changes were not detected in the

lgmaining 65 ta,xa

These changes in frequency of ocorrrence at the 18 meter depth corroborate

other patterns of change in the species assemblage. As presented above, the

number of taxa per core was significantly higher at Impact in the After period.

Furthermore, tests of abundance changes among the various TM groups and

combined taxa, which incorporate tle changes of the species discussed in this

section, also indicate tlat there has been a general increase in the abundance and

occrurence of many species of the bentlos at this location. It also appears that

those ta:ra which have been adversely effected by the plant at this depth constitute a

relatively small portion of the species assemblage.
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4"0 DISCUSSION

The results of the study indicate that the abundances of a number of species

and groups of soft-substrate invertebrates have changed in the vicinity of SONGS

since tbe generating station began operating. Chznges have occurred at the eight

meter depth to 3350 Beters downcoast of SONGS and at the 18 meter depth to,

perhaps, 6700 meten away from SONGS.

At a depth of 18 meters, there was a general increase in abundance of the

benthos in the Impact area relative to Control" Six of seven species that showed

significant relative changes in abundance in the lmpact area increased in densiry.

Atl but one of the significant changes in meao abundance €rmong the TM grouPs

were incteases in the Impact area The number of species per core was significantly

higber at Impact and the number of species that incteased in frequency of

occrurence far outnumbered tbose that decreased. The positive temporal trends in

tle After deltas, to which there were only two exceptions among t&xa and TM

gfoups, suggest also tbat the benthos in the Impact area was continuing to increase

in abundance relative to Control at the end of the sampling period. These trends

suggest that further effect might continue to accrue as the plant continues to

operarc.

The observed chenges in the abundances of individual species and trophic-

motitity groups at eight meters were different from those seen at 18 meters. Unlike

the almost uniform increases in mean deltas seen at the greater depth, both relative

insreases and deseases in mean density occurred at eight meters. However, it is

interesting to note thag witb tbe exception of increases in one species (Pionospio

Wgraea) and one TM group ("other" surface motile carnivore-omnivora), all of the
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significant change detected emong ta,ra and TM groups at the 700 and 1100 meter

locations were decreases, and all significant changes detected 1900 and 3350 meters

downcoast were increases.

Like the pattern seen at 18 meters, most of the trends in the After deltas

among ta,ra and TM groups at eight meters were positive. Interestingly, positive

trends were seen in a number of TM groups that declined in relative mean

abundance from the Before to the After period near SONGS. The declines from

Before to After appear to result from a change in the environment occurring at the

beeindng of the After period when the Impact abundances were less than those at

Control. Thus, while the Impact values generaily increased relative to Control

througbout the Afterperiod, the differences which occurred during the early poftion

of the After period were enough to result in a decline when averaged over the entire

period. It appears, therefore, that following an initial decline in the vicinity of the

planq members of the benthos responded to the operation of the plant by increasing

in abundance relative to Control.

The most likely explanation for the positive trends in deltas through time and

for the overall mean increases seen at the deeper sampling stations is that SONGS

is increasing the amount of food material available to the benthos. The circulating

n'ater system of the generating stations withdraws and kill large amounts of

planktonic organisms. For example, we estimate that approximately three tons of

zooplankton alone are withdrawn daily by SONGS (lt{RC lnterim Technical Report

4: Plalkton). Other sources of detrital material made available to the benthos in

rhis manner would inciude pbytoplankton, large geiatinous zooplanlrton, drifting

macroalgae, and mysids. All of these sources would increase the amount of material

that could be made available to the benthos. We did not find that the presence of
,l
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detrital material accounted for a large degree of the variability in abundance dat4

but various measures of organic content of the sediments were the parameters most

often 5ignificantly correlated with abundance, particularly at 18 meters.

The information gained concerning the interaction of the discharge flow and

ambient qurents corroborates the stronger results seen at the deeper location

(Final Report L: Physical and Chemical Oceanography). The discharge flow is

generally directed offshore and, therefore, material settling to the bottom would be

expected to be more abundant in deeper water than in shallow water. Furtherurore,

the sorting of these partiorlates by normal oceanographic processes (wave action,

etc.) would tend to move smaller particles into deeper water and therefore, it is

likely that the deeper benthos would be most likely to receive it. Results of a study

of seston flux (Technical Report trl Giant Kelp) indicated an inctease within the

Tmpact area in the After period in an area of kelp bed near the diffusers in water

approximately 15 meters deep. The observation corroborates the argument of

increasing food material available to tle benthos.

While the temporal trends of increasing abundances at Impact relative to

Control observed at the eight meter depth could also rezult from the influx of

additional food the reasons for the low abundances observed at Impact (relative to

Control) during the eariy pan of the After period are less well understood. One

event that did occur in the Impact area and not at Control early in the After period

(December, 1984-January, 1985) was the release into the wave zone of the sand held

in the construction laydown pad. This large amount of unconsolidated material was

moved offshore by wave action and there is evidence that various size fractions of

the material moved through the Impact area in the months foilowing its release

(Technical Report L: Physical and Chemical Oceanography). This infiux of new
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sedimentary materiai into tbe Impacl area may have resulted in a temporary decline

in the resident benthos, and as the material was sorted and moved out of the area

the benthic populations begal to recover.

The distance to which effects of the generating station were detected was

also consistent between the trvo depths. Changes in abundance were observed

approximately 35 kilometers downcoast of SONGS at both depths. Furthermore,

changes appear in more groups, particularly at the 18 meter depth, nearer the

d.iffgser. This pattern suggests that the effects of SONGS form a gradient of

decreasing strength with increasing distance. This gradient is supported by the fact

that, white changes were observed at the stations 3.5 km downcoast" only a few were

observed at the next location downcoast" the 6700 meter station. The strongest

evidence for an effect of SONGS extending to the distant location concerns two

small trophic-motility groups which when combined account for approximately 7Vo

of the total abundance of the benthos at the 18 meter depth. Ttrese grouPs, surface

disqete nspewion-deposit feeding molhtscs and all surface sessile ruspewion feeders,

increased in abundance at all locatiors within the Impact area. The evidence that

all cnrstaceans combined, the only group at the eight meter depth that appeared to

have changed to a distance of 6700 meters, does not implicate SONGS as strongiy

because, while abundance changes (increases) were observed at the distant Impact

locations, they did not occur at the two sites closest to SONGS.

The finding that SONGS alters the local biota to a distance of at least three

kilometers is consistent with results seen in other aspects of the MRC program.

Relative decreases in midwater fish have been detected to approximateiy 3 km

downcoast of the generating station (Interim Technical Report 3: Midwater and

Bottom Fish). Effects on kelp bed invertebrates (Technical Report L Kelp Bed
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Invertebrates), kelp bed fish (Technical Report J: Kelp Bed Fishes), and young

stages of the giant ketp (Technicai Report K:Giant Kelp) have been observed in the

downcoast portions of the San Onofre kelp forest, approximately 2 km downcoast of

the plant.

Perhaps the results from other MRC studies that tie most closely to the

results seen in the soft benthos are those from the study of mysid shrimps (Technical

Report G: Mysids) and bottom fish (Interim Technical Report 3: Midwater and

Bottom Fish). Mysids, which are also associated with soft sediments in the study

are4 also increased in relative abundance in the Impact area. Two of the nine

species tested for abundancs shange exhibited significant (p<0.05) glanges and six

of the lsuraining seven suggested an increase in the Impact relative to the Control.

These effects were also seen from 2 to 3 km downcoast of the generating station.

The other major group of animals associated with soft sediments studied by

the MRC was the assemblage of fish found ti*'ing on or irnmediately above the

bottom. In general this group also insreased in abundance in the Impact area

relative to Control. Not only did more species increase than decrease, the total

aggegate biomass of these fish increased significantly. It is possible that tbese

increases in fuh are due, io purt, to the increases in the benthic invertebrates that

certainly are afood source for the fish.

Several results of the study of the soft benthos are dif6cult to expiain. In

general, the subsurface feeding forms were affected at only the two nearer Impact

locations (700 m and 1100 m). This was particularly true at L8 meten. However,

effects on surface feeding organisrns were found throughout the Impact zlre4 out to

as far as 3350 meters from the planr It is not clear why the effects on these two
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groups would extend to different distances. Perhaps surface forms can feed on finer

materials tbat are more likeiy to be prevalent at greater distances than larger

particulate material

Perhaps the most pu;ling results of the study are those where the significant

abusdance changes that occurred at tbe more distant Impact locations were very

different from the indicated changes, whether significant or not, observed cioser to

SONGS. Tbese results were unco[rmon. At 8 meters,Acesta catherinae, the pooled

ta(on all crustacea, &d tbe TM group, subwrface motile deposit feeding paraonid

polychaetes increased relative to Control at either the 1900 or 3350 meters Impaa

locations. However, the indicated change in abundance at the 700 and 1100 meter

locations were declines (or small increases), although these changes were not

statistically signifrcant A similar pattern was seen at the 18 meter depth in

Euphilomedes carcharodonta. The reverse pattern was seen in Tauberia gracilis at

the 18 m depth. In this case, there were increases at 700 and 1100 meters downcoast

and a significant decrease 3350 meters downcoast. While it is possible that these

patterns result from SONGS' operation, perhaps they result from interactions with

other groups of organis., -or" directly affected, assigning the results to SONGS

must be done cautiously. Another pattern diffrcult to explain in terms of SONGS

operation is that of the TM group wrface motile carnivore-omnivore polychaetes at

the eight meter depth. This group displayed a signifrcant relative decline at the l'100

meter station and significant increase at 1900 meters, the next location downcoast.

Other results that appear puzzling concern biomass. At the 18 meter depth,

in spite of the indicated relative increases in the numbers of organisms in the Impact

ire4 an increase in aggregate biomass was not observed. Several factors may

account for this. Turnover rates among the benthic species may be such that an
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accumulation of the produced biomass may take longer to appear (there was a

positive trend in the After period in cnstacean biomass). Another factor that may

be involved is simply the relatively greater degree of variability that occurs in

mei[ures of biomass due to the wide range in size and abundance of the various

component organisms. The importance of this last factor is suggested by the very

low power associated with the tesr for 6langes biomass.

The effects on biomass at the eight meter depth are even more perplexing.

Biomass appeared to decline in the Impact area in the After period and this

corresponds to decteases seen in abundances. However, there were also significant

negative trends in several categories of biomass, and these contradict the

predominantly positive trends in the After deltas in density.

There are a number of distinctiors that can be made benveen the results

seen at the two depths. In general, consistent results are seen among the various

ta:ra and groups at 18 meters. These rezults indicate that, as predicted, the

abgndance of the invertebrates in the soft sediment in the Impact area has increased

relative to ControL The mechanism most likely responsibie is, again as predicted,

the shunting of planktonic organics via the circulating water system to the benthos.

Whiie we do not find strong corroborative evidence of this enrichment in the

physical/chemical measurements, the patterns seem stronger at this depth than at

the shallow one. Furthermore, results of other MRC studies corroborate these

patterns and even suggest that the increase in the benthos may indeed result in

increased populations of benthic feeding fish.

The effects seen among the ta,ra and groups at the eight meter depth were

not entirely consistent with those at L8 meters. Many factors may contribute to the
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differences. The effects of SONGS discharge may not be as strong in shallow water.

Enrichment of the benthos via the discharge mechanism was not expected in shailow

water, althougb the general positive trends in the After deltas suggest that some

enrichment may be ocanrring. The fauna of the shallow water are subject to more

physical disnrrbances, wave action, sand movement, etc., and SONGS may have

affected tlese processes during the early portion of the After period, panicularly by

the release of the sand laydown pad. This wouid most likely have resulted in

adverse effects on certain portions of the fauna. The localized (generally within

1100 meters of SONGS) occurrence of the negative effects is also supPortive of this

hypothesis as the effects of the sand pad release would be expected to diminish with

distance downcoast. The positive trends in the After deltas may, therefore, reflect a

recovery from a single, deleterious event that may be occurring independent of any

additional food coming from SONGS.

All of the changes in the soft bottom benthos associated with SONGS

operatiou were detected against a background of nanrrally ocarrring changes in

populations found throughout the study area. Some of these changes were probably

associated with the El Nino of 1982-1984. It is expected that such changes will occur

in the funre as local populations fluctuate in response to various physical and

biological factors that, too, vary with time. It is also likely that the future effects of

SONGS on the local benthos will remain quantitatively the same as during the

sampling period. While it is unknown if, or for how long, plant oPeration will

continue to augment the benthos (particularly at 18 meters) such that further

increases in the benthos occur, food material will continue to be shunted from the

planlrton to the benthos and the benthos, whose species composition may change in

response to larger-scale events, will continue to utilize it.
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Table 1

Summary results of the tests for changes in abundance among
individual taxa at the eight meter depth. Complete results are
presented in Appendix F.

p= dpba level of the multivariate test. Relative 7o changrs are derived from
comparing each individual Impact location to the Control

I
I
I
I

TAXA
SAIv{PLING I-OCATIONS

(M DowNcoAsr FRoM SONGS)
700 um 19m 3350

Acesta catherinae

Anzastigos Mttus

Diastyolpsis ter ta,b

Jassafalc*a

Nematode spp.

Prionosopio grygmaca

Mqoxynius merciese

-16 -L6

B61

<0.01
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153* -a <0.011

r a BACIP test comparing this location with Control gives a sigificant (p<00t period-by-location
interaction

1 rigoifioot (p<0.0t trend in Before deltas, see te:c for discussion
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Table 2

Summary results of the test for trends in the deltas (Impact_ '
Control)- among individuat taxa at the 8 meter depth during tle
operational period. Complete results are presented in Appendix G.
See text for details.

TAXA
DTRECTTON

OF
TREhID

RESULTS OF
AEST

FORTRET{D
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Acesta catherinae

Arnastigos aa&ts

Diastylopsis terlll,is

Iassafalcata

Nenatodcs spp.

Prionospio pygmaea

Meporynius menziese

0.02

<0.01

<o.o1l

0.022

l Significaot negatirre trend in Before deltas differs (p<00t in slope from positive trend inAfter
dcltas

2 Sigoificaot positirc trend in Before deltas differs (p<0.05) in slope from negative trend in After
deltas
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Table 3
Page 1 of2

Summary results of the tests for changes in abundance among_the_tro^phic
motility 

-groups 
at the 8 rneter depth. No entry means p level of thJ

period:by:loeation interaction in 
- 
the multivariate test was >0.05.

Complete results are pFesented in Appendix F.

p= alpha level of the period.by.location interaction in the multlvariate test. Relative 7o
changes are derived from comparing each individual Impact location to the Control.
Tan: all = alltancombine4c = crustaceans;m = mollusca; o = other;P =
polychaetes; cap = capitteliil polychaete$ para = paraonid polychaetes. Tr,ophic motility
groups: sub = subsur{iace feeding; surf = surtace feeding; cdm = motile
camivore/deposit feeders; cod . = discrete camivore-omnivore feeder$ coEl = motile
canivore-omnivore feeder$ dfm = modle deposit feeders; dfd = discrete deposit feeders;
dfs = sessile deposit feeders; odm = motile omnivore/deposlt feeder; sdd = discrete
suspension-deposlt feeder; sdm = motile suspension.deposlt feeders; sds = sessile
suspension deposit feedeE sus = sessile suslrcnsion feedeg combined = all TM groups
combined.

s-rerroN
(u DowNcoasn FRoM SONGS)
) 1100 1900

I
I
I
I
I
I
I

TRoPHIc
MoTIIJrY
GROUP

I
t
I
T
I
T
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4
37*

4

43]

-8

-2t

-35* -31* 2
4 -8 45*

49. -n -L7

46*

-5

9

<?r

29*

4

{-82'

L7
0

all
c
m
P

dI

all

all
pam
cap

all

atl

all
m
o
p

all

<0.01,
0.02

<0.01

0.01

<0.01

0.03

Combined
Combined
Combined
Combined

sub

sub cdm

sub dfm
sub dfm
SUb'lf-

surf

surf cod

surf com
surf com
surf com
surf com

surf dfd

50t
-2.

<0.01
<0.01

-1

18
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TRoPHIC
MoTtrJTY
Gnour

Table 3
pgp.2 of 2

StrATION
(M DowNcoAsr rnou SONGS)

1ffi 1100 1900 3350

-u 11

-n -24

surf odm

surf sdd

sus sessile

-28* -34'

-44. -32

dl

all

all

0.03

0.01

* a BACIP test conparing this location with Control gives a sipificant G<0.05) period-by-location
interaction
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Table 4
page 1 of2

Summary results of the test for trends in the deltas (Impact --
Control)- among trophic motility (TTvI) groups at the 8 meter depth
during the operational period. See Appendix G for complete results.
See text for details.

Taxa: all = alltaxacombine4c = cmstacra-ns;n = mollusca;p = polychaetes;cap
= capittelid polychaetes; para = paraonid polphaetes. Tbophic motility groups:
sub = subsur{acc dwelling; surf = surdace dnrclling; cdm = motlle carnivore/deposit
feeders; cod = discrete camivoFe{tmnivore feeders; com = motile carnivorl'
omnivore feeder$ rlfm = motile deposit feeders; dfd = discrete deposit feeders; dfs
= sessile deposit feeders; odm = motile omnivorc/deposit feeder; sdd = discrcte
suspension-deposit feeder; sus = sessile suspension feeder; combined = all TM
groups combined.

TRoPFC
MoTtrffY

GROUP
TAXA

DIRECTION
OF

TREbID

RESULTS OF
TEST

FORTREND

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

<0.01

<0.01

<0.01

0.011

<0.01

<0.01
0.01

0.04

0.04

+

+

+

+

all
c
m
P

all

all

all
para
cap

all

dl

all
m
o
P

Combined
Combined
Combined
Combined

sub

sub cdm

$lb dftr
sub dfm
sub df-

surf

surf cod

surf com
surf com
surf com
surf com
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Table 4
page2 ot2

TRoPtnc
MO|IILITY

GRoUP
TAXA

DTRECNON
OF

TREXVD

RESULTS OF
TEST

FORTRET{D

I
:

I
,t
:

,l
I
I
t
t
'l
;

I
tl
i,l
:

il

il

il

'f
i1
, ;

:l

surf dfd

surf df-

surf odm

surf sdd

sts sessile

all

all

all

all

all

-/ nz

0.05

see footnote 2

l Sigoin""ot trend in Before deltas difrers (p<0.0t in intercept from tread inAfter deltas

2 Treod was negative at the 700 m (p<0'01) and 1100 m G=0'05) stations' positive at the 19@ m

station G=0.01).
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Table 5

Summary results of the tests for ehanges in biomass at the eight
meter depttr" See Appendix F for complete results.

p = alpha level of the multivariate test. Relative 7o change is derived from a

comparison of each individual Impact location to the Control.

I
I
I
I

TAXA
STATION

(v DowNcoasr FRoN SONGS)
33507N

Total biomass

Crustacean biomass

Molluscbiomass

Polychaete biomass 0"02

* a BACIP test comparing this location with Control giws a significant (p<OOO period-by-location
interaction

18-154-21

I
I
I
I
I
t
I
I
T
I
T
I
I
I
I
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Table 6

Summary results of the tests for changes in number of taxa per
sample at 8 meter and 18 meter depths.

p = alpha level of the multirrariat€ tcst. Relative Vo ehange is derived from a
comparison of each individual lnpact location to the Control.

TAXA
STATION

(u Dowrcoasr FRoN SONGS) P
1ffi 3350

0"154116

L4

4

fl'

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

8 meter deoth

Taxa per sample

18 meter deght

Taxa per sanple <0.01

* a BACIP test compadng this tscati6a with Control gives a signifrcant (P<0.05) period-by-location

interaction

65



Table 7

Summary results of the tests for changes in abuqdance among
individual taxa at the 18 meter depth. See Appendix F for complete
results.

p = dpha level of the multivariate test Relative 7o changes derived from comparing
the individual Impact location to the Control

TAXA
SrauoN

(v Dowucoasr rnou SONGS)
700 rl00 1900 32ffi

P

Acesta catherinae

Aricidca wassi

Eup hi lom e des caeharo donta

Iassa falcota

Leptocheile fubia

Mediomasus califomiatsis

Nematode spp.

Poayionospio pinnata

Panstempe hulkgsi

Prionospio Trygmaca

Rhepuynius sp. juv.

Rhep*ynius stenodes

futtidetma nostttta

Sytchelidium shoernalcei

Tatbeia gacilb

Tellinamodcsta

*
18

%

7

a
{8

'r',

35

-7

4

.13

-21

t

31

83

4

€

I

33

.l:}

0.02

0.011

0"01

0"01

<0.01

<0.01

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

<0.01

<0.01

13

6

27

24

* t

133 59
_ a

LLz 40

2L-?!

-a-16

106

t28

50

45

* a BACIP test comparing this location with Control gives a significant (p<0.05) period-by-location
interaction

1 sig.ificant (p<0.05) trend in Before deltas, see te& for discussion
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I
t Table 8

Summary results of the test for trcnds in the deltas
Control)- among individual taxa at the 18 meter depth
operational period. See Appendix G for complete results.
details.

(Impact -
during the
See text for

Texa
DIRECTION

OF
TREI{D

RESI.'LTS OF
TEST

FORTREND

I
I
t
I
l
I
l
I
I
f:
I
t
l
I
I
I
I

Acesta catherinae

Aricideawassi

Euphilomedes carcltsodonn

tassafalcata

Leptocheila Abia

M e diomasus c alifomians is

Nematodes spp.

Parapionospio Pimata

Pu-zsterope hulingsi

Prionospio Trygmaea

Rhepuynius sp. juv.

Rhepuyttius sunodes

Rutifurmaftrstzta

SycheMium shoernalcei

Tanbeia gracilis

Tellinamodesn

<0.01

<0.01at all but 3350

<0.011

<0.012

<0.01

<0.01

0.01

<0.01

+

+

t Sipificant positive trend in Before deltas has a smaller slope (p<0.05) than the positive trend in

After deltas and also difrers (p<0.0t in intercept from the trend in AftEr deltas

2 Sig';ncant postive trend in Before deltas at 700 m and 1100 m only.
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Table 9
page 1 of2

Summary results of the tests for changes in abundance among the
TM groups at the eighteen meter depth. See Appendix F for complete
results.

p= alpha level of the multlvariate test Relative 7o changes arc derived from
comparing each individual Impac't location to the Control Taxa: all = all taxa
combined; c = crustac€atrs; m = mollusca; o = other; p = polychaetesl cap =
capittelid polychaetes; para = paraonid polychaetes. Trophic motility groups: sub
= subsurtace dnrelling; sur{ = surtace durclling; cdm = motile carnivorc/deposit
feeders; cod = dlscrete camivor/omnivortq com = motile carnivore-omnivorc
feeders; dfm = motile deposit feeders; dfd = discnete deposit feeders; dfs = sessile
deposit feeders; odd = discrete omnivore/deposlt feeders; odm = motile
omnivore/deposit feeders; sdd = discrete suspensiondeposit feeder; srlm = motile
suspension-deposit feeders; sds = sessile suspenslon deposit feeder; sus = sessile
suspension feeder; combined = all TM groups combiaed.

I
,|

I
t
I
I
I

TRoPmc
MOTILITY
GRoup

TAXA
Stenon

(rr,r oowNcoesn FRoM SONGS)
700 1100 1900 3350

I
l
l
I
t
T
,|

t
I

<0.01
<0.01
0.0r.
<0.01

<0.01

<0.011

<0.011
<0.01
<0.01

0.01

0.01

<0.01

0.04
0.0r,

a

s
79
18
6

-9

-18

-6*
-8
L2

ri

6

-L7

0

m
2L

6*
,1

a
8

-1

-11

4
-n
L3

27

-18

1

11
-5

I

35.
50"
7L

a

$

I

61

a
38

t

58
42

Iv
+v

4

15

*
5 7 *
6

a

59*
45

*
56
33*
4 2 +
LVz

a

1:'3

25
t

s9*
28,
L2,

n

24
I

61

2A
24

all
c
m
P

dl

all

all
Para
cap

all

all
o
p

all
m
o
p

atl
P

Combined
Combined
Combined
Combined

sub

sub cdm

sub df'n
sub dfn
sub dfn

surf

sruf cod
surf cod
surf cod

surf com
surf com
surf com
surf com

surf dfd
surf dfd

18
-Lt

0*
32

<0"01
<0.01

*
62*
56

I
T
I
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Table 9
pge2 of 2

TRoPHIc
MOTILITA

GRoUP
TAXA

STATION
(M DowNcoAsr FRoM SONGS)

7W 1100 1900 3350

I
t
l
I
'l

t
tl

il

rl

I
i1
{

iI

.l

sfrrf rlfttt

Sgrf.lftn

surf dfs

surf odd

surf odrn

surf sdd
surf sdd
surf sdd
surf sdd

surfsdm

surf sds

sus sessile
sus sessile
sus sessile

alt
c

all

all

all

dl
c
m
p

all

all

all
m
p

53'

35*
63*
57
u

43

B

30
48
28
4

65

I

&
I

60
Iv *

41*s

v'
a

6il*
w
29.
83

0.01

<0.01
<0.01
0.03
<0.01

<0.01

* a BACIP test comparing this location with Control gtles a sipificant (p<0.05) period-by-location
interaction

1 signifisani (p<0.0t trend in Before deltaso see teff for discussion

10032

i1
il

if
,l

:l
I
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Table 10
page 1 of2

Summary results of the test for frends in the deltas (Impact _'
Control)-among trophic motility (TM) groups at the,18 meter 4_"pt!
during the opeiational period. See text-for details. See Appendix G
for complete results.

Taxa: all = alltaxa.combined;c = crustaceans;m = mollusca;p = polychaete$cap
= capittelid polyelaetes; para = paraonid polphaetes; o = othen Tlophic motility
groups: sub = subsur{ace drvelling; sut{ = surface dwelling; sdm = motile
camivore/deposit feedersi cod = discrete carnivore.onnivorc feeders; com = motile
camivor:-omnivore feeders; dfm = motile deposit feeder$ dfd = discrcte deposit
feeders; dfs = sessile deposit feeder:; odd = discrete omnivore/deposit feeders; odm
= motile omnivore/deposit feedens; sdd = discrete suspension-deposit feeder; sdm
= motile suspension.deposit feeders; sds = sessile suspension deposit feedeq sus =

sessile suspension feeder; combined = all TM groups combined.

t
t
I
I
I
I

TROP}trC
MOTIIJF
"Gnoup

TAXA
DIRECTION

OF
TREI.ID

RESULTS OF
TEST

FORTREND

I
I

Combined
Combined
Combined
Combined

sub

sub cdm

$r! dfm
sub dfm
sub dfm

surf

surf cod
surf cod
surf cod

surf com
surf com
surfcom
stuf com

surf dfd
surf dfd

dl
c
m
p

all

dl

all
Para
€P

all

all
o
p

all
m
o
p

all
p

+
+

I
I
I
T
T
I
t
I

+
+

<0.01
<0.01

<0.01

<0.01

<0.0112

<0.012
<0.01

<0.01

<0.01

0.01

<0"01
<0.01
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Table ro
pge? ot2

TROPHIC
MO|NLITY

GROTIP
TAXA

DIRECTION
OF

TREI.ID

RESULTS OF
TEST

FORTREND

T
t
t

I

x
I

l

I
t
'l

I
I
t
t
t
t
,f
I
I
I
I

surf dfu
Sgrf tlf"n

surf dfs

surf odd

surf odm

surf sdd
surf sdd
surf sdd
surf sdd

surf sdm

surf sds

sus
sus
sus

all
c

dl

atl

all

all
c
E

P

all

all

dl
EI

p

+

+
+

<0.01

<0.01

<0.01 at 3350 only

<0.01
<0.01

<0.01

<0.01

1Sipifi.-t trend in Before deltas differs (p<0.0t in slope from trend in After deltas. The slope was

negative in the Before pctiod and positive in the After.

2 Sigoifi."ot trend in Before deltas differs (p<O0t in intercept from trend ia After deltas
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Table L1
page 1 of2

Summary results of the tests for changes in aburldance - among
individuil taxa and TM groups at the 8 and 18 meter depth when frve
Impact locations are tested against the far Control station.

p = alpha level of the nultirrariate tesL Relative Vo change derived from a BACIP
analpis comparing the indivirlual Impact location to the Control. TM group
abbrwiations arc explained in the legend to Table t.

I
t
,I

I
t

TN(ON
OR

GROUP

STATION
(rr,r oowNcoesr rnou SONGS)

1100 1900 32N/
3350

P

Eight meter depth

Individual taxa

Acesta catherinae -t3*

TM groups

Combined c

sub df- para

Eighteen meter depth

Individual t"*

Euphilomedes carchuodonu -7

Taberiagrrcilis ?&*

TM Groups

Combined all
Combined c

sub df- para

<0.01-L)

*
49

-19

0.01

0.01

73

t

86

19

-1

t

!)6

2L

2530

-L4

-3.

<0.01
0.01

0.0r.

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

15 13 24 <0.01

4 4', 49* <0.01

-m

60r'

1 1 5 4
19 68* -1

a ' l *
4L 48 42

48r B*
2 4 4 C I

132' 5

I
t72



Table 11
page 2 of2

TAXON
OR

GRoUP

StarroN
(rrr oowNcoesr rnou SONGS)

1100 1900 32N/
3350

P

)

14

4
74|

30*

0.10

0.02

0.01
0.05
0.02
0.01

<0.01

16 39'*

40* 7L*

59r 52*
54* 33*
57* ni
50* 50

45. 721*

28

60*

a
4L
93*
-5

58*

I
I
t
t
,l
il
l
.I
'I

t
rl

T
I
:l
:l

I
I
I
I

D

u
28
t*
18

g2*

surfodm all

surf sdd all
surfsdd c
surfsdd m
surfsdd p

surfsds alt

* a BACIP test comparing this location with Control gives a signifrcant (p<0.05) period-by-location
interaction

t5



Table 12

Frcquency with which physical/chemical variables corrrelate significantly (p< 0.050) with abundance.

P/C VARIABI.E TM GRoUPS
8M 18M

TAXA BIOT,TASS
8M 18M

t
t
I
T

Skewness

Dispersiou

CaCq

Chlorophyll

C/N ratio

Cloro/Phaeo

Mean grain size

7o Coarse sand

% Silt-Clay

Volnrorgantc
Particulates

VoMat'lpie
Macrophyte

VoNew
Terrestrial

VoOLd
Terrestrial

Medi"n Phi

Organic N

Organic Carbon

Phaeopigment

12Vo 58%

15 15

L4Vo 38Vo

0 3 8

|Vo 40Vo

00

00

m80

00

00

020

00

020

200

020

00

?n 20

020

6

38

4A

15 65

08

85

12 18

05

815

0

0

8

0

12

15

0

?s

18

13

30

53

0

L4

0

0

15

t4

0

t4

0

0

L4

14

0

L4

0

6

0

E

19

3L

13

6

0

4

E

0

38

38

I
T
I
t
t
I
I
T
I
I
t
I
I
l
t
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Table 13

Median and maximum coellicients of deteruination.

I
I
t
I
I
I
n
I

t ;

T M S M
T M 1 8 M

Taxa 8 M
Taxa 18 M

Biomass 8 M
Biomass 18 M

0.45
0.81

0.12
0g

0"07
0.06

0.04
0.07

0.06
0.07

0.05
0.05

t
,l
,l

I
1
t
T
I
,l
T



Table 14

Frequency of coelficients of determination falling within specilied ranges

0{.05 0.05-0.1 0.1-0, 0243 030.4 0.4-05 >05

0
1.8

0
0

0
0

35
1.8

0
0

0
0

0
r-8

0
0

0
0

0
t <

0
LJ

0
0

35
v+.8

L43
v4.t

0
0

24"4
4L8

28.6
43.L

50.0
69.0

TM 8 M 69"0
TM18M E5

Taxa 8 M 57"L
Ta:ra 18 M 31.0

Biomass 8 M 50"0
Biomass 18 M 30.8
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Table 15
page 1 of2

R€sults of tests on dilferences in frequency of occurrence at the 700 meter location
(Inpact = Q and the 9ut00 meter location (Control = C) at the 8 meter depth. Taxa
listed are those which occuned at least 50Vo of the time at any sampling location in
the Before (B), After (A), or both (BA) periods. G) indicates taxon was not prcsent
during that period. I>C indicates frequency of occgrrence greater (P<0.05) at
Impact than ConEol. I<C indicates freguency of occurrence less (P<0.0O at
hpact than Control. I=C indicates frequency of occumence not signiticantty
difiercnL

I PERToD(s)
OF

OCCITRREf.ICE

BEFORE
CoMPARISON

AFTER
CoMPAzuSON

I
I BA

BA
BA
A
BA
BA
B
A
BA
A
BA
A
BA
BA
B

A
B

T
I
T
I

'l

I
t

Potychactes

Acesta catherinae
Antastigos Mttus
Gonifu lifrorca
Magelona sacanlata
Mediomasus califomiensb /unbbaa
Neptltys sp
Owenia collaris
P anonello p latyb rutchiata
P ectinuia califomiensis
hionospio cinifera
hionospio pygmaca
Scoloplos otniger
Spiophanes bombW
Thalqtessa spinosa
Typosyllb hyalina

Crustaceans

Antpelisce agassizi
Ancims grwtulaats
Atyhts tridens
Cutplybspis sp. C
Diastylopsis tnuis
Edotea sblinorulis
E ohuastorilu was hingtoni ants
Euphilomedes longisen
Gibbaosus mytti
Iassa falcata
I*ptaaunafomnani
Monoanlo&s hannanae
Nynphon 4. hetercdentianlaaun
Poastercpe hulingrt

A
B

BA
B
A
BA
B

BA
BA
BA
BA
B

I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C

I=C
I=C
I=C
I=C
I=C

I=C
I = C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I = C
I=C
I = C
I = C
I=C

I=C
I = C
I < C
I = C
I = C
I = C
I = C
I > C
I>C
I=C
I=C
I=C
I=C
I=C
I < C

I > C
I = L

I>C
I = C
I = C
I=C
I=C
I=C
I=C
I = C
I=C

I > C
I - C

I
I
t
I
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Table 15
page 2 of2

PERToD(s)
OF

OccuRRs.rc

BEF'ORE
COMPARTSON

AFTER
Coupnmsox

Crustrceans (couirued)

Photis califomicz
Rhepuyttius abrcnfus
Mepuynius menziese
Mepqnius spp. juvaniles
Rhepcynius sp.A
Syrchelidirnt shoenakeri
Timn topakis

Molluscs

Astenothaerus villosior
Olivellabaetico
Sokn rcsacetu
Tellinamodcsn

Othen

Dendmster qcenaians
Nemaadcs spp.
Nonertinaunid,
Puuemaus sp" A
Tubulzttifusp" B
Zygeupolia sp.

I
I
T
T
t
I
t
I
t
T
I
I
I
T
I
I
t
;

T

B
A
BA
BA
BA
BA
B

B
B
A
BA

A
BA
BA
BA
B
B

I=C
I=C
I=C
I=C
I=C
I=C
I=C

I=C
I=C

I=C

I=C
I=C
I=C
I=C
I=C
I=C

I=C
I=C

I = C
I = C
I>C
I = C

I=C
I=C
I=C
I < C

I > C
I = C
I=C
I=C
I=e
I=C
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Table 16
page I of3

Results of tests on differences in frequency of occurrence at the 7fi) meter location

(Impact) and the 9400 meter locatlon (ConfoD at the 1E meter depth. Ta:a listed

arc those ntich occurred at least jffio of the time at any sampling location in the

Before (B), After (A), or both (BA) periods. G) indicates taxon lr|as not prcsent

during tbat period. Chi.square values associated with the signilicant test results are

given

Peruoo(s)
OF

OCCURRENCE

BEFORE
CoMPARISON

AFTER
COMPARISON

BA
BA
BA
A
BA

I
I
t
I

Polychaet*

Acesta cotherinae
Anotomastus Sordiodcs
Afici&awassi
Cfurophorus fweaats
Qtutozone setosa
Cossura 4 cot dids
Dilonaeis falcan
Euchone honcocki
Glycinda trnigera
Goniadamutlaa
Huntothoe piops
Lunzbrhaeb sp.
Lumbrinaeis sp.D
Maladanidae uid-
Mediomasta.s califomiatsis
Nephtys sp.
Nereis procera
Onuphis iti&scens
Owenia collais
Paraprionoryio pinncta
Phyllobce papillosa
Phyllodoce harxnanoc
Pista disjunaa
P o dakeop sis brzvip alp a
Pucilochaetans j olns oni
Prionospio cinifera
hionospiopygmrea
Spiophmes bomby
S pi oph an* missionensis
Tanberia gracilis
Thalenessa spinosa
Thatyx sp.
Typosyllb hyalina

A
B
BA
BA
BA
B

BA
BA
A
BA
B

BA
B
B
BA

I=C
I=C
I=C
I*C
I=C
I=C
I=C
I<C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I>C
I=C
I=C
I=C
I=C
I=C
I=C
I = C
I = C
I=C
I=C
I=C
I=C
I=C

I = C
I=C
I > C
I=C
I>C
I = C
I=C
I=C
I=C
I = C
I=C
I = C
I=C
I = C
I = C
I = C
I>C
I=C
I=C
I>C
I=C
I=C
I < C
I>C
I=C
I > C
I=C
I < C
I=C
I>C
I=C
I > C
I=C

t
t
I
t
I
I
t
I
I
I

A
BA
BA
A
A
BA
BA
A
A
BA
BA
BA
BA
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ITable 16

page 2 of3

IPENoD(s)
OF

OCCURRENCE

BEFORE
COMPARISON

AF1ER
Colupenrsox

Crustoeeans

Aanmkodanopus heteruropw
.4npelisans agassizi
Anpelisans brevisimtlan
Anpelisans qistata
Anpelisctts qistaa micto&ntau
Anphidattopus oadatus
Atgrbsahanuipes
Carnpylaspis rubomaculaats
Caprella aryuste
Qntella sp" A
Cyclaspis sp"C
Diastylopsis teruis
Fstp hilome dcs carch am dona
F uiphatus plfensis /obtusiens
Harpacticoids unid-
Henilamprops californica
Iassa falcata
I*"teheilaebit
Meliphisoubola
Monoanlodes hqnnqoc
Mwnogoniwr tiller?c
Nebalia pugefrensis
A4turostylis pacifra$
Paclryruu banardi
Patasterope hulingsi
Pinnixiahimts
Rhepuynius daboius
FJnepoxynitts merciese
Rhepayfiis sp. jw.
Rhquyius stuodes
Mepuynius vaiotns
fut dikmb oides s tenpropodtts
kttidcnna noEtzto
Sychelidiwn shoesnalccri

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

BA
BA
BA
BA
A
BA
BA
B
A
BA
A
A
BA
A
BA
BA
BA
BA
B
A
A
BA
A
A
BA
B

BA
B/4
BA
BA
B
A
BA
BA

I < C
I<C
I=C
I<C
I=C
I=C
I=C
I>C

I < C
I=C
I = C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I=C
I<C
I=C
I=C
I=C
I=C
I=C
I=C

I=C
I>C
I = C
I-C
I=C
I = C
I=C
I = C
I < C
I = C
l = L

I = C
I = C
I = C
I = C
I=C
I = C
I>C
I=C
I = C
I>C
I=C
I=C
I -C
I > C
I=C
I=C
I=C
I=C
I=C
I = C
I = C
I>C
I=C

I
I
I
t
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I Table 16

page 3 of3

I
Peruoo(s)

OF

OCC'I,'RRENCE

BEFORE
COMPARISON

AFER
CotrrpenisoN

A
B
B
B
B

BA
BA
BA

BA
BA
B
A
BA
BA
B

BA
BA
A

I
I
I
I
I
I
I
I

Molfuscs

Chione veleronis
Cooperella sub diaphana
Macomayoldiformis
Mysellatunido
Nassuius p*pinEtb
Olivella baetica
Sulcoretusa rystuttt
Tellinamodcsta

Oth*s

Edwudsia sp. A
Tubulanidae sp. B
Tubultrus nothus
Gloftidia albida
Hemicordates unid.
Nematodes spp.
Zyganpolb sp.
Nemertitu spp.
Patwtenates sp. A
Ophiuroidea juv.

I=C
I=C
I=C
I = C
I=C
I<C
I=C
I=C

I=C
I=C
I=C
I = C
I = C
I=C
I=C
I=C
I>C
I=C

I=C
I = C
I=C
I = C
I=C
I=C
I=C
I=C

I = C
I=C
I=C
I = C
I = C
I = C
I=C
I=C
I>C
I>C

t
I
I
I
I
I
I
I
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7.0 FIGURES



Figure 1: Locations of benthic sampling stations.

depth of 8 m. * indicates a depth of 18 m.

A indicates a

a
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APPENDIX A.

14 Nov 1979
04 Dec 1979
27 Dec L979
04 Feb 1980
20 Mar 1980
07 Apr 1980
25 Abr 1980
20 Mav 1980
09 Jurr 1980 Preoperational Surveys
30 Jun 1980
16 Jul 1980
04 Aug 1980
26 Aus 1980
rs se;1980
17 N<iv 1980
26 Jun 1981

SURVEY DATES.

I
I
I
I

20 Jun 1984
19 Sep 1984
0a D6c 1984
24 Jan1985
25 Feb 1985
2t Mar 1985
19 Apr 1985
20 Mav 1.985
17 Jur1985
09 Jul 1985
02 Aue 1985
26 AuE 1985
19 Sep 1985
14 Oct 1985
07 Nov 1985 Operational Sunreys
05 Dec 1985
30 Dec 1985
23 Jan 1986
20 Feb 1986
21Mar 1986
1.5 Apr 1986
08 M^ay 1986
02 Jun 1986
30 Jun 1986
21 Jul 1986
14 Aug 1986
08 Sep 1986
03 0& 1986
05 Nov 1986
25 Nov 1986
17 Dec 1986

.l
:

I
,l

I

I
!

A-  1
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APPENDX B. THE FREQIJENCY OF ZERO ABUNDANCE
vALrrEs oF TNDTVIDUAL TAXA, TROPHIC-
MOTILITY (fivl) GROIJPS, AND BIOI\{ASS AT
TIIE SA]VIPLING LOCATIONS.

Only those taxa and TM groups tested 1o1 gbanges in abundance are listed"

Ma,ximum number of surveys in the Before period is 16, maximum in the After is 31..

I
,l

t
I
I

B-1



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

o tn  o \o  oo  l f \ F  oN  c 'F  €N

o\o l^$t  oo Fo\  rnF c)o\  coi t
NN tn $, |  F

=
obQ

6
\(n

\ON

O! | \  Or t  (Dtn  F)F  aPF

O\O FIN orn  \OO\  ( . |O\
3r t  s t t  F

O n j  S F  O O  \ O o  € : F  c ] r '  6 e

cD ln g\ u.\ro
c
l r , l l Q  N N  N N
F  F F  F ( \ I

t
al,

O O  ( \ | S  N F  c ' o l  F < f  F F  F i I  i ' ' I
r n € ? F

.rt N

ctt  cto\ (OP FtN €rn (ooi l ' \o Ctn
d,
l r J l Q  F N  a O \ O  \ E l r v )  o l n . + t N  N O  t n N
F  ( t F  F F  g i t  € r F  F  ( \ l t )

;E
a

O O  g \ . l '  f , t r n  F ?  F ?  F : l  N O  S O
o E F
O\ lrJ

o rn:t o\o itu\ o|n lr'F oo trrol
Egj le Fao rnN \o\o ou\  \o( \ |  oo Ftn
F nrg GIN !n.tl tn(t F)s

E
eh

( ' O  \ O r n  S F  F N  € F  g \ O  O O  \ O S
o G F e

tt ta.l '  .rrF Ctn (t.a (ae (oN €tt
c
u j l q  P O N  \ O O  c ' \ O  O N  P O \ . 6 r a  l D N
F a.tF c) tn(a oG| P Fi:)
lrJ=

ch
oo r t t \o Fst  od|  coo |^o\  r rF ' 'c '
O C l ] F F P

N

)
a a s g g 4 a . g
o o o o o o e 0

l l l l r l l l
E lrJ Uf UJ !J LI l! LJ
l r l  E a  € e  l a g  G g  € g  G a .  O a A
a  a c ,  e o  a . o  a o  a o  s o  a € )

o
o

u ' b l t
f / ) c o
f g o 5 . r o -
l r J G / t t r t r o N
! - g S o O E C
t J r t r , t t o l o
E L = € -

f r J O O | , t g C l
E S o - o = t t

co
= 6 g l . l u r -

. t r o o o o o o F
g ) O I  . F ! . o >
1 1 1 6 -

= r r | t f r o r | c o
l -  o l , | / 0 | / , l , 6 O gg L J O r g G ( a E - O
t r J A ( J E t g o g s
o g t

o=

U'

=
=
o

=
ta

o

B-2



'l

. t
I G A A A A A . g A C g T L g A I A
o o o o o o o o o o o o o o o o
|  |  |  t r  |  |  t  t  I  t  |  |  I  I  |  |

lrl LJ lrJ LJ t J LJ lrJ l! LJ LJ l*l UJ lrJ lrJ l! lrJ
c 4 A  € 4  C C g  C < s  G 4  G A  € A '  C 4  E O .  E : A  d A  € A  € A  g 4  G A  € 4
s o  s o  a 0  s o  o - c }  a c )  o ' o  a ' o  s 0  d Q  A o  4 C )  s o  a o  a o  ! o

E
obq

o\\(,)

\ O N

cD

!d bQ

=

rn 0<

o
trJ !Q

trJ=
o

cI\ uJ

ch

LJ bQ

E
o

u,
uJ !q

t J= an
o o

N

LT
4

,n
2

o

=
z
an

z

to

vt

I
I
I
I
t
I
I

( : o  rw rF  oN  eF  ! nu ' \  oN  6o  F ) l n  n ro \  I t o  o l n  €N  oo  d tN  o \0  oo

oo  \ oo \  o ( v )  s ' r o \  N \o  oF  No  \ o \o  F ( \ J  \ oo  o \0 .D i )  oN  € | r )  oA r  C )o
N F O ? t t n l

C C  F . v )  C i F  9 F )  N N  O -  N O  F N  t n g  - C  C N  o F  e C  O F  O C

rnN tnln g\ln qJF tf lnt oo aoo os o\o (r)(\ l .a0\ rnF aorn rnN o\o ito

c lwr  N\o  F \o  r+ t \o  FF oo  c to  l ' \o \  o ( \ t  \ c lo  \oN Fo\  € ln  c ro  o ( \ l  €o
. V '  - I F  F )  F  N F  g N  f i  F O  ?  R I

N -  N N  \ O N  F T A  T O P  O O  F ' C )  ' \ O  F F  F F  F : I  \ O T '  F ' F  N F  c ) F  F O

{ r ro o( \J €F tn\o oC) oo oo rncn i rF r r rN F)g i r r l \  oo\  aol l \  oN oo
\oo  € )o  F )o \  ? \N  6c )  oo  u \o  NN  F \o  \ o r t  \ oo \  F \o  cN  €o \o  o .a  Qo

,1
'l

I
'l

.' r)$t Al

F O  O F  F F )  \ O F  - l O  e O  5 ' O  N 5 '  U \ l | i \  ? ?  F { J  g i \ N  C € |  F  N  C t F  O e

oo  oo  r t \ o  c€  .+ 'N  oo  oo  oF  o r t \  o t n  . " c ' \  eF  i tN  {qo \  o ( '  € ' o
\oo | f1o Nc or f l  rFt  oc)  |nc)  rno\  ! / ' \o ct \o \o-  r lo\  \ont  \oN oo oo

(\I FN IAN TA N N

F c }  s o  N o \  € c o  l | . \ F  o o  5 ' o . t o  F o t  o N  F o  F 6  o \ : t  o o  o o

ce Gt tn  t ^s  oeo rn  N oo  oc)  oN lng  ln rn  rns  lnF  oo  .ao \  oo  ( r )o

u ' \o  F{ t  Fo \  l f \ r ' \  F . r  oo  tnc)  o f , )  Fo \  s t \o  FCo Fo\  oo  FN oo \oo
N rt artF N(\J it N wt- rt.! '  n i irF

go | f rc |  ra l \o  $€  \c tF  c )o  so  o?  \o ro  N( \ ,  \oL \  to i t  oc )  r ' r ' l '  oo  Fo

A I  F F  F ' F ? f t

:l

I
il
I
I
I
t

G
I
o
aa

tl
E
L\

6 | ,
o
e { r O
O . g -

! O l a - L
O - O d C O
L c G - o c ) . : <

l , G | - t b = t t > O ( a
E C O - C 6 6 = l t c E
l r J O O G l - . r C O . l O r r O c t
F ( ! L g o ' c c 6 0
L J g G D O - E . O L = 6
- o = o 1 c o = g r c ! + r J o - . ,

L | , c ! t o - E
tJ O rt o +r C o' o' O e 6 O

€ = E 6 o c o r o = o o Q o g = L !

2 6 - ( D ; r r / i c o - c t ' ! t Eg J o . l e o o c , o o g o c c E - G
t , o o L E G ! o t , '
L i 6 ! O E O I T T O X X O O L g

= e G o o d o . / , c o o E E o -
F o u r o E l t r . ' r ! € G o g o ' O E
A  L J  O  -  g  r r l  Q . ' t t  E  L  L  -  O  O  r ,  g  =  -
f.J 4 O t- = 6 O O O r! a t J= E t > G O
o o

B-3



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

o o  o o

o o  o N
o o  o 6

( ' C  9 F

e o c l c ) F  N o A l

o o o o \ o f o o ( '

O O O O F F O F

( ) ooo t l \ s rn l n

o c o c N o \ a l \ o

o  o o o N \ o A l N

o e o o s \ A l  9 0

0 0 0 0 n l r t t ^ c )
. N

c ) e o o N F s o

o  o o c > 0 N  l o F

eoOoao ! . t r o€
F  F F

O( )OO. r red r ! t \

o o o ( t f r \ o o N

O O g e \ O N r . \ t "

o ' '  o o o o

o F  o o o e

g A

r l
lrJ UJ
! . G  G C

OrO e \O

o s r o N

o 6 0 s \
O N O N

\0 6\0 o\

1?1?
co o\ €0 0\

(achF o\

=
(,le

6
\C,)

1 0 N

o
lJ lQ

=
o

ing

(t)

ur lq
Z L J

o
F o o

E P N

tt)

o 3 l )

O lrJbQ
E , F

N E (r,
[ ! O O

C F N

=
= al,
= E

l.IDq
O F
O lrJ

F O
= o o
lr,l OC
CO F lrJ

o a

lrJ
4

r )ao

J,^
F: (\l

!n(O

f r . r , 6g  r t \O  OOOO

roo \ \ oc , \  FN  OOe( f
F  t l N

F \ O F \ O  r n F  O O O O

C g A q g
o o o o o
t t l l l

trJ LJ lrl lrJ lrJ
E 4 G A  C < a -  g q g s
A . o A . o  a c )  a o A o

N G '

( t O O O F F . S F

4 0 - a . g
o 0 0 0
t l l l

LJ lrJ LJ lrJ
o a a . o c L o a 4 € 4
s c ) 4 o s o 4 o

o o  o o  o o  6 0
o o  o o  o o  \ o o

O O  O o  O O  F O

o o  o o  o o  F r F

O O  O O  C O  \ O o \

O O  O e  O O  F ( ,

o o  o o  o ( )  o N
o ( )  0 0  0 0  0 c )

O O  O O  O O  O F

)
A A g A
o o o o
l , l t l

trJ L,l l! lrJ
O ' A .  C C A  C C A  € A
4 c )  4 O  e O  e O

I
g S o o

= , r
d a a o
O O t - - !
= . r i ' . . O - C

o o . t o t =
6 ! 0

. . . c o r , o =
r - o o o
o > = a d
! o o
o O t n . - L o
o a

u , a a | r a o o / 4 9 . ! t 9 +
c o o E A t o l o o g o
E d 4 r E . : g l , O - O q l
O A r l J '  - O - ! > O & - b O l
g ; c l g D 6 - - : 6 3 o s )
E = g ' O E O = t r E . r | , c L
. J E S a o a o a g - d o
t a t : o ; i o
=  : -  ! -  ' :  g r  t  o -  =  9 -  9 -  ?  =
L O C - C G o - 9 a - 3 : : =

s o ( J l t t o
6 a o 6 0 G t

Or b lrJ tr tJ G 6 O O 9f
6 L 2 = - L s o o o
o = = = = = € l o - a
a : o a 6 6 r o . o , , i ( - t - 5
L t = = = . o " o L L s
3 = 6 6 6 - r t ? - !
o a - 6 - a o ' r , s ' o

A A
v-

o

E a

0
a o c

a h 6
Ch LJ
L J 2=

F C ) c o

lrl cl O
o . t r o

l n g  O N e N

N O \  O o e . t

N \ O  O F O F

C C O  O N O N

tntn  Or r )oo
N N

: t O  O F o F



'l

o o 6 N  c o € o c c N o N

C O \ 9 i r  c ) c ) c O c ' C ) i t C r . r :

c c F F  s c ! r r t c }  3 F  e ' ?

A -o t e o o c c

o\\(,)

\ O N

I
I
I
I
I

o o oro orr t f rg\

c o | ^ 6 = ( \ r N ( \ ,
A l ( \ l  o F F

O O O O  { O r J \  O r t l r J \ O

F d )  P 6 J

I
l r , l l S O O O O

E rn

o  o o o o
E,
l r l lQoOc 'O

lrJ=
o

o o o o o o

O O O C  o F

O O C O  o c )

O O O ( '  F t n

O O o O  f r o \

9 O O O  ? F
r rg

o o e o  l t \ o

O o | N O \  O O . ! ' c O O C ) N S
F

t J \o \O: '  rY) (>cOO\rnF6O\

$ I N O o \  \ O O o F G l \ O F O I
F F I N F  : I S F F O F

a l : 'ao \o  FoFF 'A l r f \ lng
.?

.AO\ t ' \d t  OU\9F lOO\ lng \

\ O G I ( \ | ( \ |  O \ O U \ 6 € N N ?
F F I V )  N i ) F F F S

F : l N O  O N . r A l i t g N . r t
F F

c
t.Jtao o o c

=
o

o\ LJ

. h  o l n 0 6
c
!J Bqc) \O c' \O

-
o

c o o $ r o N

o
z

at

N

=
z
ct)

z

.h

I
I

I
I

I
iI

o t J \ o r t r t g t t r o \

o\o € al \o g\\0 $l
F O

O O O O  G t N  O F O F  O ( \ I . + ' O F T O F : I
?

e o o o  r t \ F  o n l o r n

o o o o  N €  o o o t l \
F( t  f )

e s a G & a - c ' a g 4 l c l
o o  o  o  o  o  o  o  o  o  o  o
-  |  I  |  |  , l  |  |  !  |  |  |
CC LJ lrJ lrJ lrl trl LJ t J l! lrJ LJ LJ
u J € s G A .  € c c A .  c L  € L E a  E a L € a - O a A t C r
o . a o g . o  4 o 4 c )  o - o  c . o a o  o . o a o s o A o

I

o=

o

o
It

o
o
o
o

rl
:l
it
I
I
I
:l

; g i l ;
g L

. o o o o
o u t
A O -
o ( , ' c c

l J , g . h e o E o
g t o o o o o

ah cg C +r .. | .r I d
c , o o o r o o o o o
l r J O - F O L G g O q
F G o € t t o g o | , . a E
r . J t c o o > o > = L ( . )
= a r l o

O - L o - O - L - O L - O t r q
€ G < ( ) = < s g < ( g < c . G < z c a

C ) ( } o o o
ut

a n o u r o o
t d c r g o o

= G O ( I G
F ( J 3 - Q ' . - L
A f r J l | , L t -
g ) -

!:) ut 11, al, o at,

B5



O N E N

O F ( ) -

0 0 ( ' o

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

c )  o { a N  o o  o

c;dv; ' ;  ddc;

O O F -  O e g

n \ F O \ O  O C  O

. ;o i" i " ;  dde;

n t ( n s F  O O ( )

o o  o o  0 0  0 0  0 0  0 0  0 0 0 0 0 0 0 0

e o  o ( )  o o  o o  o o  o o  o o o o o o o o

o o  o o  o o  o o o o o o o o
o o  o o  o o  o o o o o o c ) o

E

o!e

o\\(,

\ON

ch

uJ 5e

E
6

rng

u,
uJ lq

Z [rJ
o =
! -  O O

& e N

U)

o 6

O  t J b Q
g F

N ; E
ah

( l P N

UJ

E
D A
z E

[!Eq
at) F
o l !

F O
z ,  o o
lD F rrJ

N

o o

e
Ll
4

O O O O  l n F l n o \

o o o o ' A l o \ A r s J

N f , N S  O O O

N O r n F t  O O O

N O - - F  O O O

o o o o o o o o

o o c o N  o o o

6 0 € 0 i )  o o o

n l o r a F  O O O

o o  o o  0 0 o o o o o c o o

o o  0 0  0 0 o o o o o o o o

o o  o e  o o
o o  o 0  0 0

o o  o o  o ( l

A .  g  A  A  o -  A  4  , 4  G  A  A  A  g

0 0 0 0 0 0 0 0 0 0 0 0 0
l l l l l l l l l l l t l

LJ lrJ lrt lrJ L, lal t J LJ trJ lrl UJ lrJ L.J
G 4  0 ' 6  d A  O < S G C G A € L  g A G A  E C € O .  E 4 €
e o  o . o  s o  o . o o . o A o s o  s o s e  s o a o  4 o a .

I
o d

o o
= e

D ( / , o O
O O L -
E r l / t . . C ) -

o o a r t t e
€ d o

. . . g o . , ' O E
l O € O
o > E o
E O O
6 o ; n L L
o g t o 0 ,

o o a o o o l t E o l t o
C O O I C L L O O O O T S
G s . r . r O a r O l O €
O O t D - O - E > O ( F o ) 9 O
O G O i J D ( ! - € 6 O
€ ! | , a E o = g . c + r = r j ! E
+ r O t E I O I O g O - O - D
o > o > G o
= ; n - : - C L O - O - O - =
a O O - O G ( ! - O O - O o . - L
( ,  g  =  9 <  4  ( J  s  O <  e  ! ) <  a  o <  c )

O O O 6 6
l r J l r J t ! ! - L O O
z z = L L o C )

3 3 0 €
c r l c o o { , | t t b e -
= = = e a L L q !

O o O o o o o

&6

P
L A A

I  t  l .
LJ L,l lrJ
G C ,  E A  G !s o  s o  a o

a

=
a=

€ o
F C

l / ) o 6
tl, LJ O s>
L J Z O t

: r c =
C L , l = L . O
L J g O S :
o a o s r 6



a

I
. r

, I

N r n r t s  r r \ p r A r

er? l  qq??
l ^O \ rno \  c )OOO
N N

t F  5 ' f )  c ) o o c

.os ro : t  coocoo
r q O \ 6 O \  6 O C O O
- F 5 ?

F \ O F \ O  T O C T f r ) O

C ) F  O F

rn \o tt\\o

g t n g t ^

€!(\€ r'\

.+1\O nt \o

O C )  O F d r N

c; c; e; s.6 ";

C O O o e e

O N r n  O € F

o€ G,  o \6 \o
F N F F

O F G l O \ n U \

o o o e  o 0 o F r o o o o

C O C C  O g g F e C O O

O O c ) O  O ( ) C O O O T T O

N

O O O O  O O S O O o F O

9 L 1 O r n  r r \ N r r \ ( \ l

r n \ O r n \ O  G l o N F l
O I N , F

g N ] t N  N ? N F

t n F a O O \  F a N t ' ' N

N  O \ ( O  N  F 6 -  6
o 6

=
o lQd

o\\(,

\ O N

o o
c,
I! lQO

=
o

!n oa

U ' N
c.
t.lbQiv'

O F
Z  t l

F  O O -

C F N

ctt

a ( / ) e
c,

O LJbQe)
E , F

N E
o

I r  O O O

E ,  F N

=
z , c

LllQO
O F
O L.l

F O
z ,  o o o
LJ c )g
(D FLJ

N

o o
o

.  l !cL
e o

I
I'r

:'l

I
,l

I

!

O O O O  . r C ) ( O F t O ! n  O

o o o o  \ o o . o a c o \ o  o
F o F

O O e O  p o o ( ! ( r N  e
F

| ^ O I A O  o ( ! o c t \ C ) g \  O

( \ J O ( \ I O  \ O o P - g ' \ \ O  O
?  F  t r ) g N

N O N O  F - s \ o S N  O
e

l no f \ o  t r \ ooo rnF  o

c roN  o  c l ocoo \F \o  0
F ( \ l a e

N O N O  N O F ) o \ \ O t t \  O

A . 4 A 4 G &

t t t t t l
lrJ UJ lrJ UJ l! lrJ
c < o - c < a  c a a G A e a s  c
A c ) c O  o - O o - O o , O  4 ,

O C ,
r t O d

o o o - o
! L - L

O O O - . a Og ! : ' r ' ; 3 :
3 ' r ' o = v r O

o - O
r , a =
O . O . .
O . r ! 9 9 ,

; : ; ; ; ;z;
o o o q >

, - a o o , g | a o -
o o o q r o ( D . , c
E o g o o o i .a .t ! o E .1, tt, E

r t o o o c o g r c o l c l c o o
C , O ! E , G E G C o d C o C 6 : . J l
f J  L  o  f  o  f  o  o  o . A o  o  o  o  o  L  g ' o  o
t - ( o O O O O - O O O - O O O $ !
r r J  . ,  E  L  ( !  L  o  O  6 t , =  o  @  o  t !  E  6 a  O
=  O  O  5  O  . r  g  + r : O  C  ! t  C  * t  O  = O  >

A ( ' > > o > t t r o ( , }
=  o -

o  o  e -  o  c -  L  E -  L  o -  L  O  O  U } -  t -  o -  L  -  o  o  s -
F  -  o < e -  C < c )  E < O  = < c ) E A  z < ( ,  5 < C )  g < E s  6 <

e l o o { r . A t h o o
o

c / J o o o o o o q r o
l r t o a o o o o c o

= F G 6 ( J o G o e
F ( J { - b L a - b G g s
g  t J  L  L  L  L  L  L  A  L

C c D o o { r o o o o u ,

:l
. ;

,l

l

P O\F O\

G g

3 1

c a a & 4
a o s o

o o \ 0 0 \  € o € o  o 0 0 0  0 0 € N o o t n o

" i " ; ^a i  
dddc ;  dddd  c ; c ;a ; ; ddGc ;

N F ( \ I F  ?

s : ' . ? : t  r ) C ) t v ) O  O G ) O O  O O ( I ' F ( ' O F O

: : 1 :  i " : i l  ??9q  ?qqo i9???
c O O \ a O ( \ l  F F t F n )  O O O < )  C ' C r f t n r O O O O
F - F N  c t . )  : l

( t \ O F  F  l ! \ F t a \ F  O O O O  o € ) t - e O O ( ) O

o s o s  r n N r ' r N  o o o o  o o r n o o o o o
! n o \ ! n o \  F c ) F ( a  O O O o  O O F O O O O O
N F N F  F ' . V )  ( r )

g \ O s \ O  \ C F \ O F  c ) c ' c ) O  O Q \ O O O O O C

t
a g , A . g 4 a 4 4 a c
o o o o o o o o o o
l t t t l t l l l l

UJ !J lrJ lrJ lrJ lJ lJ lrJ l! l*l
c ( q E L  € s g a -  € a . g A .  G s g o € o , 0 a 4s o A Q  a ' € ) a o  s c ' c . o  a o s o s c ) e o

I
*7



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

=  O r q ( v { a O

ored\d' ;Gd

O  C t o \ O e O
c
l r lbe .o \oNoo

=
O O o F F O O
|f\E

t h  O O c O O C T
E
l r l D q o C t ^ c ) t Y t
F N

t
o O O O c o O F

o\t

o  o a o r n c o
E
UJDeO O\O O O

E
o

c  3 0 N o r n 9 c

o e o t v r o \ o c c

e c O - O N e e

O OOFtnO c t  O

c c c o \ N c \ o o

O O C{rrc|  OF O

o o o o d ! o o N

o  e1 l \ o \0co r t
Al

o e S 0 P o o F

c  ccoo r t ( \ l o  o

o o c o o \ o n } o o

O e o O F ? O O

oo rnNr r roC '  o

o o N . r \ o o o o

O O f l I P F O O O

o\\(,
e o  c F e F € )

€ N

o s c s a s a
l t t l t l

C lrJ lrJ |fJ LJ !J LJ
L ' l o . C < g C 4  a a A . € L t < g € 4
o . o 4 o a . o  & o a c , s o a o

( ) O O T T T N C O

c h  O ( ) O \ O N
c
u, l lqocAtor t

= o
o o o c ' s o F

N

U'
z.

=
z
cn
o

z,
t!

ah

d

o
E

'o
L

o

l t E t t
v ) o o o
G J t r '
l r J O O | , O
F € L O 6
L J O a . O r , l ' E
= s O > = l - ( Ja o > o >

= 3 C - C
c O O r t O g - O u O
F E o c o < = o a

v,
o o
t ! o

- a
F ( J L
A L J L

e o o

B-8



i

I
I
I
I

o l Q  o o  o o  o c  o o  c o

\ t '

F lrJ
\ O N

o  o o  o o  c r 6  o o  o o
E,
L J l Q  O O  O O  O r O  O O  O O

=
th

O O  O O  O O  O o J  O e  O O
rng

c t  O O  O O  O F  O g  Q O
E,
l r J l Q  O O  O O  ( ) t ?  O O  O O

E
o

O O  O O  O O  O F  O g  O O

O\tlJ

V t  O O  O € '  F F  O C  O F
c.
l ! !Q O( )  OO\  F i r  Oc)  OF)
l - F

=
Ch

o e  o o  o f ' '  ( \ l *  o c )  c ) F

r / ) O O O F O O O O O O
c
l r J l Q  O C  O F )  O O  g O  C g

=

I

, r
r

I
I

at)
O O  O O  c ) F  ( ' O  O O  C e
(>E

N

O A A . g A A
o o o o o o

t t a t t
C lrJ I.J lr,l LJ LJ
L J  E A  € g  G L  G g  o a Ao .  s o  L o  s o  s o  s o

o
z

ct)

c

E
=

ch
o

E

th

=

o

F l -

g , ( ,
b

lrl = LJ
= ( 2 1 - = F = -
F l r J ( ) F ( 9
lrJ - lrJ
= b J = L J

b = =
- l 4 J =
( , = b ( 9 b

LJ LJ- = -
c n 3 h o a t
s , . / ) E l , -
LJ
F = O =
I T J O l ' O
= o

o t o = o ! ! o

€ E = E L J =
o(r, lrJ lrJ
6 ( ) 4 t o

- 4 F = C , ( . l ) J
F = l / , J L J
B O = J = J F
l r J e q E O b O O
o ( 9 ( J E e 4 F

I
,l

t
il

t
:l

I

I
.l
l
,t

,l

B-9



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

O O  ( > O  O F  O O  g e

o o  o C )  o i t  e o  o o

O O  e O  O F  e O  O O

E
oDc

\(,l}

\ O N

ah

l!lQ

E
o

|'\t<

th=
o .t)

E
F lrJ!€

u J o
l / , o o

O o\ lrJ

o

N O

L Urlq
O F

G =
trJ O

= oc<
=  F [ ,

= ? N

U'
U' U'

= ute
o l -
r 0 =

a t  og
O tbLJ
- N

2

F
t r E
a u J
o s

F l -

9 ( 9
L

t J  -  l ^ l398==
F l r J ( , F ( ,
lr,l = s
3 l r = r d

- i l ===( 9 = F 9 r -
L J  t J

t u r E = =
G v t g 0
l r J a t = O =
F
f . J E O =
E O ( / ) O

ah
o l ! E g ) a g c t€
E Z = [ r =
o

ct, lJ LJ
o o a l o

- a F 9 C , C ) J
F = O J L , l
( l O = J - J F
L T E E O F O O
o ( , ( ) = o s F

O O  O F  o ( )  O O  O F

o o  c > F )  o o  o o  o F

o o  o o  o o  o o  o c
o e  o o  o o  o o  o o

o o  o o  o a  Q o  c o
e e  o o  o ( )  o o  0 0

O o  O F  e O  O O  O F

o o  o o  o c :  ( ) 0  0 c )

c o  o o  o o  o o  o o

g A . A g E
o o o e 0
t t l r l

L,l LJ LJ lrJ lrj
G s  a a a  G o .  G g  € 4
A . o  q o  A c '  e . o  & o

B-10



APPENDIX C. TIIE TROPHTC-MOTTLITY (TT\',I) GROUPS AND
THEIR COMPONENTTNG-
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APPENDD( D. TIIE MEAN (AND STANDARD ERRQ-R)
DENSnIES (PER CORE) OF TNDTyIDUAL TAXA,
TROPHTC-MOTTLITY (TM) GROUPS, AND
BIOMASS (GMS WET WErGrrD A'T THE
SA]VIPLTNG LOCATIONS IN BOTH SA]VIPLING
PERIODS.
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Only those taxa and TM groups tested 1s1 6lnnges in abundance are listed.

Number of surveln in the Before period is 16, number in the After is 31. A singie

average value is presented for the nvo far (Control) locations, 6700 and 9400

meters. Please note erata concerning the TM groups: Subsurface deposit feeder:

Motile at both 8 and 18 meters. Correct values ulre presented in Appendix I.

il
D-1



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

= oo\
t r J  N N  O N  | ^ O \  O J S  F ( \ I  r n o  F " 5 '

o o
O O O N o F O e o O O O C Q O

o\
\ : f  F \o  o ln  co \o  rnF c lF  oo  g \5
O <  r f \ O ; t o  c l g \  € O r n  € O t )  F G t  5 ' F
O lrJ
F =  F N  q \ F  F F )  ( ) F  O F  6 J $ l  O F\o

O aON , : t€  ? {O O\ f t  : fF  \OO rnF
C < l r J  g N  N F  ? 5 r  O N  A l -  O l  6 0  F ?
t ! o
F  O O  n O  ( \ l F  O O  O O  N O  O O

E
= \o -  NN ao6 t l \ \o  o \ tn  Fdr  o \ i t

C <  g t A  \ O e >  u \ F ) . t r o \  \ O t n  € r r \  \ O €
rn lrJ
F ) l E  O F  O F  \ O r n  O O  O O  F t t  O O
6 ?

o  \ o G ,  l ^ o  F o  r ' \ o  N F  o ?  N N
C E I I J  F N  O \ O  ( o F  F . s i  r t ( \ J  t t €  ( \ t F
lrJ 9)
F  O O  N O  F N  O O  O O  F C )  O O

=
= Nrn €s : to oo Fr '  od|  ln( \ l

o< \o i r  orn oln -?ta ao\o o\F Fro
O lrJ
6 E  O F  C O . r r  \ O F  O F  O F  g r ' )  O O

O  i t a o  . ? N  l n . 3  l n F  € O \  O \ F  F F
C < l r ,  F C )  t f i l n  F i )  N F  G J O  F \ O  F ?
rs(,
F O O n l o ? F O O O O | n O c ) O

=
z,  oF 6j t  \ t ts  toF dl r ' r  aoF Fs

o< u\Fr €F) 6[^ sr l \  €--  or t \  Fts
o l !
F=  oo  o \N  r ' " t g  oo  oo  \ os  oo
F

6 a s 6 s g g c
e o o o o o o o

l t t t l t l
G lrJ Ll lrJ lrJ f.J UJ t J
l r J  E L  e ] a ,  € &  C < A -  € 4 .  G g  | l i g
a s c } e o a o L o e o a o a 0

O  € ' $  P F  \ O r n  F € '  P F  ? O  F r F
0a Ll OJ F FF c|\O tnc\l (\, F FO F O
LJ (,)

! -  c ) O  s O  N F  C O  Q O  F € )  O O

=
z, O() Fi) strl os rn rn rorn \OO

o<  o€  | r ' €  os  oo  €F  - - o \  u \€ t
ouJ
F E  P Q  O O  € r O  F F  O O  S l r  C e

P

z

z

lrJ

an

z

6

oo

I
I
t
t
I

6
o

a b a
u r € o
E O 3 r r q -
l r j 6 | ' g t r O N
F C = O O E g
trJ +) d ! Er O
= L ' G ;

l J o o | , J d g o
= E c - G 3 . ,

ro
= G r r c L u t -

v r o o o o o g c
t , ) o r b E t a >
l r J G -

= ! ! 5 ( ! € g O
F C r . a . n o o c O g
A l r t o ( ! 6 g a E - O
t r l 4 ( J = G O L . e
. i ) o

D-2



I
I
t
t

s t , \  \ 0 6  € N  F r t  r n F  r n N  < ) g \  F F  N F  t 9 \ O  € O N  O | ^  m l t \  F O  F O  - N
- F ) ; N  o F  r ) 5  \ O F  O \ c '  - c )  c ) c )  F ( \ l  1 n 6  N -  $ l $ j  N G I  A I F  - - t J \

O O  O O  O O  C e  e i t  F ?  F F  O O  O O  O O  O O  O e  O C  O g  O O  O C

: t F  9 N  ! t \ F  . 3 " '  \ O N  c ) F  N O  . ! : i l  O t v t  P \ O  € r d t  Q ! ?  - - r n  ? : t  O \ F  O O
6 o  - O  F g \  - \ O  o \ \ 0  O r t -  N -  G F  i a o . a l n  F ?  € R l  \ o o  ? c o  \ o \ o  o \ €

O i t  F o l  O O  F F  t l F  F t O  g \ r 9  O C )  c ) e  f . t N  N F  O F  ( \ l F  F F  F O  N 6

g$ l  . t€  C>N tnN \OGl  c )ao  OO tno \  €O s lo  l l \ " t  \O$ €O\  u l \F  O\F  tn lJ \
A n F )  r r ' F  - - w )  ; N  - e  € F  F O  O -  5 : g  A I F  F N  ( \ I C  F O J  6 o  S l n

o 0  0 C )  0 0  0 0  - N  N F  o F  o o  o o  o o  o o  o o  o a  o e  o o  o o

r t \F r  N9 r ' ro \  ln rn  Frv t  € ln  Fg \  t ' \N  FO\  lns  F9 9O\  O\F  i t t l \  N6 R l€
=o\  o \o  -cg  F \o  FF =F F-  \o \o  N l t \  F t ! \  ?g \  u i \F  ( \ l s  F \o  oF ln t )

F N  N F  O O  O p  o | a o  F €  . v t g \  O O  O € )  A l ( r )  F C  O N  F e  O F  f , ) ?  ( \ | S

\o5' F:f t lt\o !/}\o (oF Ftj\ ' ' \0 F'J \oo rnrn .g|'ct ln\o 3F otn \oFt 6N
5 -  ( t ( \ l  F F . t . v t  r n e  r n r o  c ' o \  F e  F F  5 n )  v t F  s F  t Y ) A j  \ 0 ( \ l  F s

O O  O O  O O  C O  O F  s F  - F  O O  O O  O O  O O  O O  O O  O O  o c )  O O

t t , \ t : t  : lF  oc  Fo\  . r tF  o \c  (  € l  FN 0€ o ln  g rs \  q9  0F €F o ' j t t \  o \F
F , - 6  o r -  5 6  N \ o  o r n ; 6  - t l | \  \ o c i  r t \ \ o  5 F  F F  r t \ s \  F F  O c O  F \ O  F r v !

F c '  F G l  O O  ? F  F r O  O C : t F  O F  O O  A I . a  F e  O ?  F t O  F ? : l F  C \ | o

;l
:

I
Fi !  F \O ON r f \€  O\ ln  C N \C l t t  Nc ,  G|g  6€  ( ' t : '  F i t  oo  9o \  s ln  € \o
N w )  F F  F ?  s . ' ; t \ o  o \ 5  i o ; -  - t  C I \ n )  N c )  F F  F N  F r r \  F : l

O O  O O  O O  O O  ( ) O  F F  F F  c ) e  O C  O O  e O  O O  O O  C O  O O  o O

u \ F  F O \  € t F  F 5 |  9 F  . 5 : N  5 : O  5 : €  F €  r O r O  O F  F O  9 N  F F  \ O S  s O
6 i r -  p 6  r n r O  t - c O  O r < V  i -  O \ €  r n F  o F  r n N  C ) F . r ) O \  O l n  i t N  s c l  3 a \ l

? s  0 F  o e  o o  o r . t  ( a N  F t \ o  o o  o F  . l t * t  F c )  o o  F ?  o ?  \ o o \  F ' t

.+ ' i t  I t tn  OO\  FS FN F. i t  O\F  FN O\O Ftn  O\F  l ' \F  ( \ |€  o \N Fg \O\O
- F  - n i  - O ; a -  b O  r o r t i  O O r  c ) ;  - N  F : l  F F  F ?  F ) F  F ( \ l  s ' c )  | ' \ r v l

O O  O O  O e  N O  O p  . : t N  e N  C O  O O  F O  C O  O O  O O  O o  C > F  O O

5' , : t  : lF  o€  o€  Fo\  .oo \  o lN \E  N 5$  n |F  ( !O 999 F€ O\F tJ \S  lJ19
( ^ d |  r J \ r i  5 ! n  - F  ( \ t r n  o -  o -  l n o : t o  \ o t n  \ o c t  s @  N \ o  \ o r t  w t F  F o \

o \ o  o F  o e  t ^ o  F , l t  r J \ F  r n ( a  o p  o F  s . a  o e  o o  N F  o ?  F t g  ( \ l N
F F

o a a a g s a & s a a a c 4 o s a
S o O o o o - - g o g o o o o o o
-  |  |  i  l ,  I  a  |  |  |  |  a  I  I  t  I  I
c dJ uJ LJ t J lrJ rrl uJ LJ LJ lrJ lrJ l! l! lrJ lrJ u
t r  E a -  E o -  E a -  E e  E a  E g  E e  E g  - +  E q  6 +  € s  < s  ! s +  t c +  c < !
E  d o  c . o  s o  E O  E O  E ' c r  a - -  s o  s o  - o  a - o  a - o  4 o  s g  s o  a o

=
ov,

o\\=
c <
F =
\o

o
G trJ
LJ (/)

z z,
o <
F ) =

o
E l.J
4) ah

E =o <
LJ O lrJ
C) o\=
= F

z,
l o  GLJ

( 9 =

c o <
l r J  O t J

ah

- o
F  C l r J= u o
6  t J=
F =
t !  O <
o o tu
t h  F =

tg
.J
o
0

E
o\

o r n
!
c , o O
o c

l o o L
O - O r r C qa c o o . : <

? 2 o t - ' F c 1 a > o q
c i o - c E n o t l o F
l r J o E o i r r - e o . l o l o o
F s a
L J E o ! o - E . O L . E o
= . = O = o = O = 9 g ' 4 t r u t - !

L 6 - G ! g : - g
r r J o o ( a r l g c i ] ' o e 6 o

€ = i o o € 6 o = o o o o L = L E;
= € o ; . r o i o - - o E E

t o i j o E o o o o a a o . c c F - o
- | / , - o - a E o i ; o t , }

l d 6 E : E E o L . r e X X o o L c
= r | - o 5 o a r a l j c o 9 E € o -
.  ( ) r a a ) E a r p - o c o o q q 9 t
o. lrJ 61 - E |' a' ! E t- L - e q : c 5
. o - [ s 5 6 o o o ( g € a E = l > 6 o
a o

I
I

I
i1

,l

l
I
il

't
t
I
,f
I D-3



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

F C O F €  - E € F  6 ( 0 6
6 F o F  l n t J \ F O  6 t n N

F F F F  C \ - - : ' O  c \ e ' J \
COs'aOs' r l \F At O\ (V $ €

g \ ( \ | l t \ N  O , I $ J F O  - : ' \ O n ,

O \ F ( O ' ' ( O F C ) ( r )  o F o P  O \ P F N  F € C €
o \ o o o ! n \ o a o \ o  o N a o N  t t l 0 \ o F  [ ^ r l a ! t

: t f \ r t r , | ( \ l s F o o  o o o o  o o o o  o o o

F C I F F N O a g  F O \ F g \  S r n e o €  S g S l
€ O \ . q O O F ( \ J ! n  N . s O ' l g  g \ ! n t j \ o \  O C C

F e € N o \ - € o a o  F n  F N  C \ t o J F o  F  r n  n l
c | . !  N  R I F F

5 ! n t n
6 - - F

O g\|Ja

n l s F

O\N

F \ O
t \ -_

sco

F C O
O\€

N F

F ' N

g \ o
Ol Ft

O\ \O
rn€

E €

O\ O\

F ' €

o o

S F

\ o$ l \ oN

s 6 = o \
\ O F \ O F $ j S F

S N  O c O F - 3 g a
O \ e  O F  O \ O  i l \ O

F ? N F e - O O

C rt\\Os € F tt\ N
oa( \ l s ( \ tFs l r \0c

F | f 1 € \ O N F s r o

e } F  F { O
P (\I rno\

dnj c.;J

\O-- \O|!\
e c  t n \ 3

a;o' e;-
NJ? .?f ' )

rn O\ \O \O et Ft \0 \O \O it \O Ft
\O O\ aO (\l \O CO \O N rn\O \O €

c)tn :trrr u\rt itN \otl\ oo

FF rON N\O r r ts  f r r t t  CCF
t t \Q JF t r '€  Frn  \o rn  s rn

ts\O frg\ o\\c) \O c) c) rn r'.|F
\ t to  . r r rn  Ng FF}  SrO

a d t a - A A
o q o o o
t l t t t

lrJ rri LJ lrJ LJ
G g  t < 4  g a  E l  E 4s o  s o  o - o  a o  4 c '

o 4

E l l l
L J  o a c

slF N t'\
O F  N F

to € \oF

-:' O\(\l
5 t €  F o

6 t s  r t i )
( 0 6  u \ F

:E
o(n
s
o\
\z
o <
F =
\o

o
E lrl

=
z

o <
i ) E
o

CI,
Oa trJ
u o

t
z.

o <
lrJ O uJ
o 6 E
Z F

z

c o <
lrJ C) lrJ

Q

= ( t
F  € l r i
Z, trJ U)

ao lJ
E

F Z ,
l r  C)<

3t, F=

€o \o r'\
o s o

F  C \ g N

€ (t\F o
rn\o\o €
F ? O O

.tt o \oP N\o o o\
rn=g\. l ' r tO!n\O

d i o ; - N ' - e d

N-? FF.O\O O\ t t
o \ o F s o ( \ l F r n

O\g O\rn N F \O \O

o N 1 0 l ^ \ 0 N N \ O
\ O  ( o \ O O \ . i : \ O F \ O

s ( ' ' - ? l a g N  C F

F r n r t i F O O \ N g
F F F O S F g \ \ O

( ) F F a l n F i t N
O , I E I N g F F  N

rJ \o  3 \o  N r l  o \o \  -o  \o5
9 \ O  O F  C r n  \ O F  O l n  O F

F\O 5rO tv 'F  lY l ro  . tN  CC)
N G I i I

F O \  F t f \  o F  O O  F O  ? F
F-  \OF A|O \O5 aO\O ( \ , \O

i ' F r  N -  \ O F  u \ O  r n N  F F
\ O O  o O  N G  - \ O  F  i t

l iF (O€ O\rt q30\ : l.3 !t{O
F\O \O\O l ^O Ng\  FO O\6

o"9 5lr) inN rYr(! roF) oe'

oF O\O CO\O tno  ON rns
Oc)  Nt \  g \F  lb \O r f iA ,  aog\

O\€O O\o\ r!\: aO\O o\(\I \O\O
F€ | r | t rn  d rN F t )  SS

F G I F ) O

O \ r n N  F
N O tt\O\

p ( \ I O O

F F F F  S S ( ? ) N
F N F ( \ I  € S F F

F o F O  O O O O

A ' F N F  \ O N N o
F  ] \ n t F  r n o \ o A l

F c r F F )  - N C ) P

g \ € F U i \ O F O F  o F o F
\ o  F F O O S  O \ F  O N  €  c l

N F G I F ( \ t F O Q  O O O O

r O € c ) \ O o o \ r J \ o  S . + S S
o \ o t n c o F s € o  r n N r n ( \ l

r ro \F)c ) i )N60\o  rnnr ln .+ '
A I N $ l ( n F F  e

F\O tni ,
F F  g t o

F F  | n N

O I l \  F F
os (o(a

N F )  o o \
F 6a g:t

\O N F)g\
F O O\.''

J ' €  F F

O ( \ l  \ O F
F g  5 F

F f,:) O\\O
\o0\  Nrn

t^9\ e
rt\ \O g\

O\\o F
l \ O P

ni\o N

A A C C o . & A A - A L
o o o o a o o o 0 0
t t , l l l l l l a

t|J lrJ lrJ lrJ LJ l! lrJ lrJ LJ 14
o a l G A G g G A  € 4 9 6 .  a . g ! 4 4  g r f .
a o a o s c , a o  g o a o  s o s o  g Q g

g
o r ,

o o
E !

r | o o o
O o L -
E . r a t r . . O -

o o i J t , €
G r r o

. . . g o 4 r o =
L C I O o
o > E a
E o o
6 o t n L L
O q ' : - r O S
a u o o c | E c ' l c o

o E - L O O O O t r
4 r . ! O r r o r r o a g

O - ! > @ ( - O b O
t , r . ! o c c )
o : o g c 5 ! : t G
a o r g l - O - C - . ,
o
E - : ;  A  t -  O -  O -  O -  =

0 6 0 - O C - O A - L
o< a  o  o '  o<  a  ! )<  c .  o<  c )
o o E !
€ Q
G G c ) o
L L O O
t = 6 6
u z c i b ( b

. l L L

a t o o u ,

, t o
a t > g o
G G !
l r , l O O | / ,
F O C O
Lrl C :c tJ,
E ! o =

a c ' >= = -
€ o s o o
F G

( / , o c a o o
a n U J O L S J U J s
L J Z , O L Z , = Z

E E =
F  C ) a a b t / , 6 l ' 3 t o
A ' r E l - - O = = =

a ( / ' , ( J U ) . / , o o o

D-6



N f s ( \ l F  r n o \ S o a  F C ( \ l o \ O N  F
F N e N  6 N . v t O J  S t i o F F g \  u \

( \ I F N F  N S C O O  € O € N € : t  6
6 € t n €  r n O \ s €  N A J F O O \ l J \

o o c o  ( \ t N i l o | l  f , r _ - F F o G l

=  C f  \ O F 9 F  F F F F  G o | \ l  a O N
t r J \ O  F F  F ( t  \ O F \ O F  g \ \ O t J \ \ C

o . i ) -
C  O  e . ) O O  F E F o  e c ' o c )

o\
\ Z S  ' F N \ C  F O \ F O \  N O \ ( \ I \ O
C <  r t \  F S \ O F )  ( ) F C F  \ O C \ O O
O E .
F = s \  O N O n l  s F g F  g \ C O \ O
€ ? F F F

O g A 4 O . A ' A 4 G G g 4 g t ! A A A 4 A
6 - - - - - o - o o o o o o o o o o c

t l t i a a l l l a l l l s l l l l
c, l! lrJ t J lr,l r.J uJ r.J LJ t J rrJ uJ trJ uJ uJ lJ LJ lrJ bJ
E s  E s E s  E q E s  E s E o .  . s - a - a c a  c q g a  € a c q  ! . a E A G A  c
a -  E - d o  E - E o  o - o a - o  o - o - o s o - o  s o a o  s g a o  a , o g o s o  4

t n N S s O r n N €
COt l \  r ' \oor iFS

N F N F O O O e

N N F ( \ l I r \ € C O
C g\ ( \ t 'F  N ocO

\o o\\o o ss |ns

I
I
t

I
I
t

o s
lrJ U) .
F O
trJ
=

Z F
o < s
ouJ .
F  = . t

ut o\
.E: l ! \O
l L t O  .
F O

=
o < €
O l r J  .
F E : '

z.

=

o

z,

u,

t
I
'l

I
;

J
. v ' O \ N . ? \ o O  €
g \ O O F - F  r t t

o t r ) o \ o \ F o \
5 \ O n i \ o 6 s  € 0

N ! r ) F O O N  i )

N F F  N { i ) O \  a t )
( t S P F O J J t  t n

o o o F F ( l  c o
o \F  €o tn  F6

c r * : O O O N

o e . o  o
O F C F

N r O N \ O

€ : t o n

F \ O \ O O \ O \ O F N
o . t 6 o \ s r n t J \ F

N F ? ( ) o c o e

F ) o s l n r t \ o \ 5 F
N F  e | | I : \ F \ O c ) O

o o[5r o G:sta\o

F (OFtJn \oF g \ \O
N S . O N F S l r 1 \ 0

$ I : r - 9 6 9 6

O\rns tn t t t t t  NF
\O rn O \O (\l lng F)

OOI tc }n tcaG" \O

o N o i l l

N \ O C o \
O\5 O\ o

o i ' c ) { t

rf\N !nAl
o l rv )NF)

o\ o\ o\ o\
\o o\o 0\

T D  F  N = N S  \ O N \ O N  F - - F : '
C< l rJ -?  FoF i t  FAIF( !  f \ \Or t \ \g
uJg)  .
F  O  C C : O C  e N - n l  C C O O

=
26  F . s?o r r  . ' r oF  o  o \ : t Fg

o< ro  F f ' \ \ c , r \  F€F€  F \o r \ \ o
lAlrJ .
F ) = F  o F o F  N a o N c o  5 o : l €

O  \ O  N O \ . " O \  F F F F  o l ( ) N O
t<LJ ln  FoFtv )  l . ^F tnF (O\O!O\O
l rJO .
F  O  O O O C  O F O F  O ( ) O e

t
= a  | ^ o o o \  N o N o  r n o l l \ o \

O <  O  \ O A I \ O F  F \ O F \ O  F F F ( )
O l ! .
6 = t '  o N o N  c l \ o N \ o  \ o o \ \ o o \

O\\O o\\O
o\of ' l \o

5 0\s o\
O\(\l o\N

ct | r )or t

\ON \ON

( ) F O F

o \ F c  F
N \O NrO

F g F S

i : s f r s  F O F F  N o O \ O \ O ( t  F
F : ' F S  g ( ! - - N  n f  - - e o - g  S

d d d d  c ; o d d  d d d c i i o  c

c | . v t c t t r l  . 9 6 O -  \ O € N s O F  s
g ( \ | s N  g t n  s l n  O t n g S g F  r n

O F C > F  ? ( \ r F N  - ( \ l O O O F

o\o \o \a l  4666 s t r t t6 \F .g .v r  co
F F F F  \ O ! | ' \ O . '  N C e P P O  5

o o o o  o o o o  o F o o o F  o

oo r {oo \  \ os \o \o  Foo \F . ! ' o  \ o
5 r c )Sc )  O€ ( )F  €O \ \O rn . t aO  O \

e - O F  ( \ | ( . t N r t  e < t O O O N  F )

g O
r r o -

o o o _ c )
e a - L

e3:!;Ai
t a 5 0 = o o

! r - o
. , , O :
O O "
6 , 4 l s J q )

i ; : ;a ; ; ; i
5 o o ! ,

L | , } o a , o o q -
o o o d o t o f / ) c
E o E l s r E l o . i o t t € o € l a o E

t D o o o t r o r e i i o l e i t r o o
g  O t l E E o C o r , C E C . ! i ' t |
! d  G  o l  o  a  o  O  l r o o  o  o  o  o  !  c t o  I
F c o o o o - o c r 6 - o - o q o 6 !
E l  . J  . c  a  a  -  r g  o  6 r t r a  o  e ,  o  d  !  o =  o
=  ;  E  o  j i  o  ; 1  -  ; = E  c  t  q  + r  o  : o  >

a o l i o ) o o o -
=  O - : -  : -  =  : - :  A -  =  -  -  A - :  9 ' - :  { - -  g -

€  6  a - O  t r - L  s - g  o - . O O  q - a  r o - L  - O Q  L =
-  A  o <  o -  E <  < :  E <  o  5 <  c >  =  a .  = <  a  = <  o  q <  =  s  F <

o
- | J ' . O O O O O O ( , q J

r r r o 6 o o o o g o=
F A G G a a b r - o . b
g l * I L L L L L L ' l t r
L r A = : t = ? = = -
o o o u r o t n v r o o o

I
I
I

O C c O O  F r n O \ . + 1 O \ O i O N
o \ C t r r ' \ O  O \ ? F ( O F - - O C O

O e c ) O  O F O O O ( t F O

s t f \ s r )  o o \ c o o l r \ r n F t
OrO O\O ln \O OF F 6 \0  O

t r tFoF g1q9611secr tArO
?

S F S F  O t f \ N F F ' O \ N O
F r n F t r \  N g F C O l l \ F  O I O \

O O O e  A I P F O O O F O

N F N F  O t ' ) i l t \ O S S F F I
|^C |^0\  c)O\Ornrn$rFF

t l \ \Ot l \ rE NF.rFNrtU\F

\ 0 s N  o

O F  O F

g"i|n1^tn

(\, ao orn
lr\rl\rnln
C ) F O F

T

l
I
I

D-7



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

=  F 5 ' c a - - -  e l n = S F n j F : \
l s ( \ r o P m F  t i r \ ' J i l N o ( \ J ( \

O c t r . . . ' -
s
o\
\ : - F o F s . : t  s r t \ F t O O \ O \ 5 C O
O < O l S N o -  F ) O \ F A r s i t p €
c>uJ .  .  .  .  "F = o P F o , t F  € ) r t F $ l ' o l t ' ( \ l
\o

l h  N \ c t . r o g  N € o \ \ o c ) F s F
0 a L J A | N P N F  o r n F F ( \ J N ( \ | N
lrJU) .  .  .  .  .
F  O O O O O  O | n 0 0 0 0 0 C )
lrJ N=

z€oc )F \o \o  ooFo \G | rn .aF
O < A J S F C N  e F N o F F o F
r n L J . . .  " .
F  E N P O N F  t l \ ? F F F F ( | G |
t, av,

V ,  r Y t F r t \ ( o F  O F O \ C o r o N \ O
g I T j O J F F E i F  F F F $ I N F  | f l N
uJ(,  .  "  .  .  .
F  O 0 0 0 0  0 0 0 0 0 0 0 0

=
Z F o.? €O-- rf\ro F \O O\O\Otn

O < \ O . a F s \ t n  F F € F G l € O r n
O|.., i . . . '  .
O \ = N F O N F  \ O F ( ) F F F S . n l

o  \ oF ' ) o \o  ( o \oou ' \F rn \on
g l r r ( ! g F G l F  o ( \ J F N F ( \ l c \ t c l
rrJ9l . " " . .
F  O O O O O  O F O O c ) O O 0

E
= c o o s $ J N  s l n o \ F \ o u \ . ? F

O < N F F 6 r n  S O F O O C ) O \ F
O U J  "  .  .  .  .
F  t ( r ) ( ! F F F  . J . ' O N F N F ( \ l

O  \ E  F F O N  
" g ' ( ) O € . V ' N F F )a i U r i t € f ( \ l n t l a  g u \ ( \ | N F N ( \ l ( \ l

L J ( ,  .  .  .  "  .
F  O O O O ( f  O O O O O O O O

=
= ( D G l F i n o  T n T t O S O ( \ , F F

O < 6 F ( a . r t O \  P F C h ( O O O \ \ O N
O l J  "  .  .  .  .
F E C t N e e e  g I \ t ' C ) F F F N N

c ] a a c g g a
o o o o o 0 0

r r t t t l
C trJ UJ LJ lrJ trj LJ
L . l e c c d s  E s 0 : 4 € q o . aa o s e a o  a o a o r o g o

.t)

z
.D

o

o

.J

:E

g

o

o e 0
f / ) o o o
g r ) t a ,
l r J O O l t O
t - G g O o
t r l l , 3 , O l / , ? ' " g ,
= L O > a L Oc o > o >

- E = - E
c o o r o g - o t o

E c ) 4 . g < = c ) o .( , ( )
o t ,  o

Ll C,
= o
t s o L
A U J L

o o o

D-8



E F c) SF r+tN \O\O €)o
l r J  O O  O O  ( ) N  C O  O N

o(')
S
o\
\ z  69  lnF  tng \  o r )  , : to \
o <  o o  c N  c ) N  ( v . r  r v r c o
O s J
F =  O O  O O  O O  O O  e O\o

I

a t  O O  F \ O  F r F  F 5 '  a O O
E l l J  O s  A O  O F  C O  O s
lrJ (,
F O F O O O O C O O F
t!
E

2 (\ l \O O\F IN . '  FO FF
o <  o s  o F  o s  o N  N o ,
rn uJ
d ) =  O F  O O  g O  O O  ( ) N

o oo Ns Nrr \  o\ ln Gro
€ l !  O F  ( f O  F N  O O  F f t
LJ (,
F O O O O O e O O O O

=
z Nu\ roo\  Fw) F\o ( \ |s

O <  O F  O O  F O \  N ?  - ? t
O L J
o \ E  o o  o o  o o  o o  F F

O F(\l Orv' cl.$ ttn t\|:t
€ l r J  O O  O O  s N  O O  a N
lrJ (,
F O O O O O O O C A O

=
=  i l r o  NF  OF  c ) \O  F6

o <  o o  o o  5 \ O  F F  \ O o \
O L J
F E  O O  O O  O O  O O  O O

o  o N  N r n  F o  N 6  F r t
E u J  O O  O O  O N  ( \ r O  N n l
l, u,
F O O O O O O C O 9 0

-
z N\O lnN 60 0\\0 rrrn

o<  oo  o ( \ l  o \ o  \ oF  €G |
Ct lrl
F =  e o  o o  c 0  0 e  c F

c |  g  r  o '  a .  
t o .

4 0 0 0 0 0
t r t t l

E lrJ trJ lrJ Ll J.,l
l r J  € 'A  €o '  €g  c :A  eLa  a o  4 o  a o  o . o  s c )

a ;

'l
,I

I
I

I
I
t
I
I
I

o
!)

=

lrJ

E

o

=
.o

,h

I'r

F F

9 9
F

lrJ = lrJ
3 9 r - = F = =
b  t J  ( ,  b  c )
lrJ = LJ
= r . J = l J

b ? =
=  t J  =
( 9 - b ( , b

LJ LJ

o 0 6 = 0 =
E U ) = O =
lrJ

=  t )  =
! ! o . h 0
= .1,

l / ) r o E l / ) ! o o

€ z = = u J E
o

ltt lrJ lJ
l o o ( J a !

8 s ) - 5 C ( J J
F = l , J t Jg O = J - J F
1 4 c r . f E O l - O A
o ( 9 o = o 6 F

.T

t
T
I
I

D-9



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

E  F o ' t : i l l . t t i |  f t g  O t )
l r J  O A  e O  O F  O O  O P

o t t
c o o o o o e o o o o
o\
\ z  l n c  o t n  . ? F  F €  5 6
( } <  O F  O F  F N  F o  3 e
c l s
F =  o o  Q ( )  o o  o o  0 0
\o

O - .FF (\| rn aot.t ir.t ( 'rO
G L J  O O  ( ) C )  O O  O O  F O
LJ( , '
F o c 0 0 0 0 0 c c o
=

z  r . ro \  \oo  oro  €o  € i t
O <  O ( )  O F  N c )  F . a  S \ O
rT LJ
. r -  o e  o o  o o  o o  o o

F o  F : l : t o  ( \ l s  l n \ o
o o  o F  o c \ r  o c  e N

o o  o o  o o  o o  o o

gF r)co F io o\o ao\o
O O  C ) d )  F s  F l + t  v t N

o o  o o  o ( '  e o  o F

FN tnN : l ( \ l  i t . t )  (gg\
o o  o N  o - -  o o  o s
o o  o o  o 0  0 0  0 0

g F  F \ O  N N . t a o  C . t t
c) O F.t t  ( \ IO olo|  \CtF

O O  O e  O ?  O O  O F

F(\I  \O6't  : l . \O (t i t  6€
e o  o o  o o  o o  c o
o o  o c  o o  o o  o o

rnF O\O g tn  FCh 3g
O? OF GJP -N g \ r ( ,

o o ' o o  0 0  0 0  0 0

oguJ
t ! o

E
z

o <
O O\=

E
e o
lD 6t!

LJ g)

9 U J

c =
i .J g<

o

t- lt
2  0< l !
lrJ LJ g)
t o F

F =
t L Z
e o <
O OlrJ

F =

O A A g A . A
o o o o o o

r t r t l
E tr,l l! lrJ lrl l!
L J  € g  € g  c E A  G A .  O a A
a 4 C ) 4 € } A O A O A O

l - F

( 9 ( 9

lrJ = trJ=3===,
F l ! 9 F ( ,
lrl = lrJ
3 L J = l r J

b - -
= l r J =
9 3 1 - ( ? F

lrJ LJ
. t r = = =
c o 0 . t
t J  A  E  a h  E
F
t r J E V r = -
E O r h o

o
r / , t D E v ) t ! o€

F E Z , = l d =
o

l/) lrJ t J
@ ' o ( ) l o

- L F D C , C ) J
F  =  O  J  t J
. r . O = J = J F
r ! d , c < o F o a
o ( 9 o = o a . l -

D-10



APPENDf,K E. CO}IVERSION OF PERCENT REI,ATIVE CIIANGE INTO
FACTORS OF CIIANGE.
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APPENDX F. SI]MMARY OF THE RESIJLTS OF THE
MULTIVARIATE BACIP TEST FOR CI{ANGES IN
ABT]NDANCF.

The p value presented is that.associated with the test of the hlpothesis that

the vector of station deltas is the same from Before to After period. The

transformation used in tbe analpis is indicated. The perceol sfuang€S (relative to

the change at Control) at each rmFact location are indicated.
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APPENDIX G. SI]MIVIARY OF TIIE RESTJLTS OF THE TESTS
FOR TRENDS WTTII TIME OF TI{E IMPACT.
CONTROL DELTAS IN ABUNDANCE.

Results of analpes for both Before (preop) and After (op) nends are

presented. The test for equality of slopes indicates if signifrcant differences in the

relationship between magrinrds of the deltas and time occrured among the several

Impact locations. If so, the p values associated with the correlation at each of the

locations is presented. If not, the deltas of all stations were regressed against time

simultaneously. The overall p value is the result associated with this test. The B

column presents tbe direction of the observed slope (+) indicates a positive slope

and G) a negative slope in the deltas with time.
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APPENDIX H. PLOTS OF THE IMPACT.CONTROL DELTAS
AGAINST TIME FOR TITOSE INDTVIDUAL TAXA'
TROPHIC MOTILITY GROI]PS, AND BIOIVIASS
MEASURES WHICH DISPI,AYED A SIGNFTCANT
CHANGE IN ABT]NDAI{CE OR A SIGNIFICANT
TREND IN DELTAS IN TIIE AFTER PERIOD.

Separate plots are presented for each of the four Results of analyses for both

Before (preop) and After (op) trends are presented. The vertical bar demarla the

Before and After periods.
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APPENDIX I. TTTE MEAN (AND STANDARD ERROR)

DENSnTES (PER SAIVIPLE) AND FREQTIENCY OF

ZERO ABT'NDANCE VALTIES OF ALL TROPHIC

MOTIILITY GROT]PS AT ALL SAMPLING

LOCATIONS IN BOTH SA]VIPLING PERIODS.

Number of surveys in the lefore period is 16, number in the After is'31.
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APPENDX J. TIIE MEAN (AND STAT'IDARD ERROR) DENSMES

(PER SAIVIPLE) AND TREQUENCY OF ZERO

ABT]NDANCE OF ALL TAXA AT ALL SA]VIPLING

LOCATIONS IN BOTH SA]VTPLING PERIODS.

Number of surveys in the Before period is 16, number in the After is 31.
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APPENDX IC THE MEAN (AND STANDARD ERROR) NUMBER

oF TAXA (PER SAIVIPLE) AT ALL SAMPLING

LOCATIONS IN BOTH SAIVTPLING PERIODS.

Number of surveys in the Before period is 16, number in tle After is 31.. A

singie mean is given for the combined 6700/9400 meter sanpling location
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APPENDX L: RANKTNGS OF THE TWENTT MOST ABUNDANT

TAXA FOT]ND AT EACH SA1VIPLING LOCATION

AT BOTH 8 AND 18 METER DEPTHS IN BOTH

BEFORE (=PREOP) AND AFTER (=OP)

PERIODS. MEAN VAL{JES ONLY ARE

PRESENTED (ASSOCTATI0D STANDARD ERRORS

ARE PRESENTED IN APPENDIX X).
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APPENDX M. COMMENTS ON DIFFERENCES BET\4/EEN
CONTRACTOR'S AND MRC'S SOFT BENTIIOS
REPORTS

This is a discussion of differences in the results presented in the contractor's
(MEC) Finat Report and the MRC report. However, we stress that the conclusions
iresen:ted in both report are similar.' Both reports conclude there was a general
increase in tbe abunriance of the soft benthos in the vicinity of SONGS relative to
Control in the After period.

MEC oerformed a cluster analvsis comparing the species composition of
samoles from'all samplins locations and both sainpling perio-<ls. The MRC did not
reoeit this analvsis brit reler to the results presentdd in-lvfEC's report. This anaiysis
su^geests that a change in species composition occurred throughout the study area
froi tUe Before to tfie Aftei period. Fiuthermore, it suggests that the two locations
nearer the diffusers were sohewhat different in speciei composition in the After
period when comoared to the other sampling lotations. This latter pattern is
torroborated by reiults of other analyses peiforfoed by both MEC aud the MRC.

The analysis of changes in relative abundance mgng the individual ta:<a,
pooled taxa. and trophic modliW groups differed somewhat between the nvo rePorts.
The MRC for reasolns discusseil in tU'e report, chose to analyze- the abundance data
with a multivariate analysis of variance,'comparing the foiu locations nearer the
diffusers to a Control tomposed of the mians 

-abundances 
from the nvo far

locations. this analvsis uses'all Sanpling stations and allorvs the determination of
the areal exrent of SbNCS effects. $IE,e, in their princip4 analysis, used a BACIP
desiea comparins mean abundances at the two n-earesf locations to the diffusers
(700-and tiOO mEters), their nlmpact" site, to mga4 abundances at the two farthest
lbcations (6700 and g4bO meters), their "iontrol" site" Data from the intermediate
locations (fqOO and 3250 meters)were not used in this analysis.

This difference in the aualytical design accounts, ln -paq for the different
number of survep used in MEC's'and MRClanalyses of abundance changes. In
addition to thosisurveys used by the MRC, MEC us-ed data in their BACIP analysis
from 10 sgrveys colleaid befor6 September, 1980. On these early surveys only 949
samole was cbUected within the "Iinpact" area at variable distances out to 1100
metin from SONGS and another wajs collected at "ConEol" at variable distances
6700 meiers or more from SONGS. MEC used these surve]4s because their BACIP
analysis, unlike the MRCS, comPared values averaggd bver the "Impacl" and
"Coitroi" areas. The MRC concluded that these eirly surveys, collected whiie
dredeine and other diffuser constnrction activities were tdking place, were not likely
to bi ripresentative of the long-term relationship between 

-Impact 
and Control in

the Before period.

Three other survevs. nvo from the Before and one from the After, used by
MEC were olcluded frorh.the MRC's analysis. Samples from these surveys were
treared with a laboratorv protocol diffeient from all others. While MEC
acknowledees that the diffbreint protocols gave "counts tbat were not comparable"
(the countiwere srearer) they idchded th6 samples to 'increase statistical power"
ifter oerformine 

-separaie 
BACIP analvses on- dam sets with and without the

samplEs in q,resfioo anA nnaing no differ'ences in the results. The MRC concluded
tnaC in eact, including these sainples was likely to decrease the Power of the test by
introducing' an additi6nal source bf variance.
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Other differences in the rezults.concerning abundance changes stem from a
difference in data mauipulations before analysis.- When testing foiBACIP results,
MEC used non-tratt"fdrmed data However, in some cases, this necessitated
removins individual data points (influence points) from the analysis in order to
obtain a?Otivity. Tbe lviRC fedls that the use-of log-transformations is more
appropriate and our results are based on such transformations.

There were differences between the nvo reports in tle_specific lndivi6ual
ta,xa tested for abundances changes. The list of ta:caiested by _lvIEC were those that,
based on Before dat4 were exiected to have tle greatest 

-chance 
of detecting an

effect in the After pe49d:- H^o$ever, this assumed that the frequency of occurence
wouid not changeiadically from Before to After. However,-in some cases such
glanges did ocqir and thosb taxa that occurred infrequently in the After period were
excluted from the MRC analvsis. On the other haid, some ta:€ were included in
the MRC analysis that were'not tested by MEC. Furthermore, MRC also tested
several pooled'taxa and trophic motility grbups not tested by MEC.

MRC presents and discusses the trends in the After deltas; MEC did not.
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