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SUMMARY

The study of plankton in the vicinity of SONGS addressed three basic

questions: Are standing stocks of zooplankton and phytgplankton changed in the

vicinity of the Plant? Are nearshore zooplankton moved offshore by the discharge

waters? What is the average annual loss of zooplankton to intake withdrawal? The

results of the study can be summarized as follows:

Abundance Changes

There is no evidence that a severe reduction in total numbers of zooplankton

has occurred in the vicinity of the plant. The once-predicted decline of 50Vo did not

occur. In fact, while there was evidence of a decrease in one relatively uncofirmon

species of cladocerart, a number of tax4 mostly larvae of benthic invertebrates,

increased in the viciniff of the Plant.

While the occurrence of these changes at the Impact site in the After periods

suggests that SONGS is responsible, the mechanism by which the operation of the

Plant results in these changes is not known. It is possible that adult populations of

the benthic invertebrates associated with the diffuser system may be the source of

the increased numbers of larvae near the Plant.

There was no increase in phytoplankton (as measured by the chlorophyll-a

content of seawater) near the Plant in the After period.
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Distributional Changes

One potential effect of concern was the offshore displacement of nearshore

larvae. There is little evidence that such movement, which occurs as discharge

water is moved offshore, is sufficient to cause a significant change in the cross-shelf

distribution of most species. Evidence of significant offshore shifts was seen in two

tar<a, both larvae of benthic invertebrates. In both of these cases, the movement

offshore probably did not extend further than several hundred meters beyond the

end of the diffuser lines and did not displace the plankters into an area where they

do not normally occur.

Intake [,oss

Incorporating L0 years of density estimates, we estimate that the Plant

withdraws an average of approximately 12 trillion zooplankters (of the sizes we

sampled) per year. This is equivalent to approximately 1,000 US tons of

zooplankton per year. We estimate that an additional 350 US tons of smaller

microzooplankton are also withdrawn. These estimates are based on the average

pumping rate that has occurred during the operational period.
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I. INTRODUCTION

Speculation on the potential depletion of plankton in the vicinity of the

power plant was given at the Permit hearings of. L973, and concern for the plankton

was expressly stated in the Permit establishing the MRC. In response to the

mandate of the Permit, the MRC began its study of zooplankton and phytoplankton

in t976. Marine Ecological Consultants, Inc. (MEC) was awarded the contract to

conduct the study, which was completed in 1987.

The first phase of the program was designed to determine the effects of the

operation of Unit 1. The intent was to use this information to predict the effects of

the two new units. This phase of the study ran from 1976 to 1979.

During this period, the cross-shelf distributions and abundances of various

zooplankton taxa were determined. Both holoplanktonic and meroplanktonic taxa

were enumerated. This information was necessary to estimate the amount of the

zooplankton withdrawn into the Plant and to determine if specific taxa were

distributed as to be at greater risk of either withdrawal into the Plant or movement

offshore in water entrained by the Plant's discharge. In addition, the chlorophyll

content of seawater (a measure of phytoplankton abundance) was determined at all

sampling locations.

The results of this early study which pertain to Unit 1 alone are presented

elsewhere (Barnett and Sertic, l97g). However, information gained during the Unit

L study has also been used in the second major phase of the Plankton progran!

assessing the impact of the operation of Units 2 and 3. This phase of the program

began inl979.
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Although the studies of Unit 1 did not indicate a significant adverse effect on

lankton (Barnett and Sertic, 1979), the much greater volume of water both

wit and entrained by Units 2 and 3 led MRC contractors to predict that the

ton community might indeed be adversely affected. They also predicted

trainment of bottom water bv the diffusers would result in an increase in

productivity. The subsequent study of Units 2 and 3, the subject of

.. 
:Wt"port, addressed the questions:

I (1) During the period of operation, did standing stocks of zooplankton and

{ phytoplankton change at a site near the Plant (the Impact site) relative to those at a

/ Control site located beyond the influence of the Plant?

(2) Are nearshore zooplankton, particularly those which are found

predominantly in the area corresponding to the location of the Unt2 and 3 diffuser

lines, moved offshore by the discharged water from the diffuser?

(3) What amount of zooplankton is killed annually by intake withdrawal?

Z II. METHoDS

2, I A. Sampling Locations

The basic sampling design consisted of sampling along two transects

extending offshore (Fig. 1). One transect, the Impact site, was located 500 m north

of the Vrutz and 3 diffuser lines. This location was chosen because (1) it was close

to the diffuser lines and therefore in the area of the greatest potential impact, (2) it

was away from the area immediately south of the diffuser lines where construction

zoop

that
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activity in the early portion of the Before period made sampling difficult, and (3)

because it had been the Impact site of the Unit 1. studies, it allowed a continuity of

the data collected and allowed the use of the early samples in the analysis of effects

of Units 2 and 3. The Control transect was located 12 km south of the diffuser lines.

Early plume modelling studies indicated that this was beyond any expected

influence of the discharge plume.

It should be noted that the longshore current flow past SONGS can move in

either an upcoast or downcoast direction. Therefore, since the discharge plume is

moved by the longshore current, fixing the location of the Impact site on one side of

the diffusers means that the discharge plume may not be present on all sampling

dates. Ifowever, as will be discussed, the samples are representative of average ,, t

conditions at the chosen distance from the diffusers. 
'4-^X
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On each transect three stations, located on the 8 m, L3 m, and 30 m isobaths,

were sampled. These depth contours correspond to (1) the depth of the intake

structures, (2) the midpoint of the diffuser lines, and (3) the point at which the

faunal break between inshore and more oceanic plankton occurs. On some surveys

a fourth location was sampled, the L8 m contour. This location corresponded to

approximately 500 m offshore of the seaward end of the Unit 2 diffuser. Because

this station was not sampled frequently during the Before period, data from this

location were not used in the final analysis of SONGS' effects. Likewise, some

samples were taken at the 100 m isobath. However, these data were not used in the

analysis because the sampling location was at a distance beyond any potential

influence of the Plant's discharge.
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At each station three depth strata were sampled: the bottom 1 m of water

column (epibenthos), the top 2-3 m of the water column (surface), and the mid-

water between. The midwater was sampled at two depths (except for the 8 m

stationwhere the sample was taken at a depth of 4 m) on each survey. At the 13 m

isobath samples were taken at 4 m and 8 m depths. At the 30 m station samples

were taken at 8 m and20 m depths. See Barnett,1987 for further detailS.

A single estimate of the mean density of zooplankton in a meter-wide strip of

the water column extending from the shoreline to the 30 meter depth contour was

obtained in the following manner: The cross-shelf wedge was divided into three

blocks (A g and C), whose dimensions and offshore locations are given in

Appendices A and B. The estimated density of a species within a stratum in each

block was multiplied by the volume of water in the stratum. The resulting

abundances were added across all block/stratum combinations. The mean cross-

density was obtained by dividing the combined block/stratum abundances by the

total volume of the cross-shelf wedge.

Sampling these various depths and distances offshore allowed us to sample

all areas likely to be influenced by the operation of SONGS. Furthermore, the

three blocks spanned all or nearly all of the offshore distribution of those species

most likely to be at risk from SONGS, those species largely restricted to nearshore

areas.

Water samples from each sampling location were analyzed for chlorophyll-a

concentration. This measure was used as an index of the abundance of

phytoplankton. A cross-shelf average was obtained as above.
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7 , ?- B. Sampling Techniques

All zooplankton samples were collected with a plankton pump. At each

depth at each sampling location replicate samples of 1 cubic meter were drawn

though 0.202 mm mesh netting. The same pumping rate (1 m3/min) was used at all

locations. The material from the replicate samples was pooled and subsampled for

analysis. Water samples analyzed for chlorophyll-a concentration were collected by

either plankton pump or Van Dorn bottles. Further details concerning the field

sampling and laboratory preparation of the samples are described in Barnett, L987.

2, \ C. Sampling Schedule

The dates on which zooplankton samples were collected are presented in

Appendix C. The 32 preoperational (Before) samples were collected over a five

year period from August 25,1976 to November 5, 1981. The operating conditions of

the three units at SONGS during this period are presented in Appendices C and D.

Neither Units 2 nor 3 generated power during the Before period although some

water was circulated throog\Unit 2 during a period of low level testing of the

circulating pumps. \Table 3 /resents the operating conditions of Units 2 and 3

combined on the samp)i:rg-dates. Note that no power was generated on any of the

dates, and that the average number of pumps running on the preoperational

sampling dates was 0.17 (the maximum number possible is 8). The average daily

number of pumps running in Units 2 and 3 throughout the Before period was 0.28.

Unit 1, was operating during the Before period and the averagedaily number

of pumps and percent power generated throughout this period were 1.4 (2 is the

t
t
I
I
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ma:rimum possible) and 48.8Vo. The average number of pumps and power

generated on the Before sampling dates were L.46 and57.07o (Appendix$.

D
The?3 operational (After) samples were taken over a three year period from

August 18, 1983 to September L1, 1986 (Appendix C). Throughout this period Units

2 and 3 circulated water. Unit 2 was generating power by July, 1983 and Unit 3

began generating power in September of that year. Throughout the period over

which samples were taken, the average number of pumps and average power

generated by the combined units were 6.1 and 56.4Vo, respectively. The number of

pumps and power averaged over the specific dates the samples were taken are 6.6

and7A.4Vo. Unit l was also operating during this period. The average daily number

of pumps and power generated during the period was 1.l. and 25.67o, and on the

sampling dates they were 1.27 and31.37o.

The projected number of operational samples was determined by a power

analysis using the sample variance found in the preoperational samples. We set as

our goal having an 80Vo chance of detecting a 50Vo reduction in abundance of

several of the most abundant zooplankters. After collecting three-quarters of the

projected operational samples, analysis indicated that our ability to detect adverse

effects would not be significantly aided by further sampling and sampling ceased.

From February 1977 on, the direction and velocity of the longshore current

were measured at SONGS. On 13 of the 32 Before sampling dates, the current

flowed downcoast (and the Impact site was "upstream" of the diffusers). On 10 of

the32 dates the current direction was upcoast and the Impact site was "downstream"

of the diffusers (current records are not available for the other nine dates). In the

After period, there was a downcoast current on L0 of 23 sampling dates and an

I
I
I
I
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upcoast current on L1" dates (no records are available for t'wo dates). Throughout

the entire study period the longshore current moved downcoast approximately 6lVo

of the time (ECOSystems Management, 1988).

": , Y D. Intake Loss Sampling

There were no special sampling techniques used to estimate intake loss of

zooplanklon. Sampling within the intake structure was too difficult and had some

attendant risk to both sampler and SONGS. Therefore, the samples taken at the 8

m station (the depth of the intake structures) during the monitoring surveys were

used for intake loss estimation. Samples from both the Impact and the Control

transects were used. Data from both sites were used because use of only Impact

samples would bias the estimate because of the incorporation of whatever Plant

effects may be present. For example, if plankton were reduced downstream of the

intake, samples taken at that location would underestimate the abundances

withdrawn. By like token, use of only Control samples would overestimate plankton

loss because the impact (reduction in this example) averaged over all current

conditions would not be incorporated into the estimate. Furthermore, since the

objective was to determine aan average yearly loss, using samples from both

locations allowed a better estimate of the average abundance within a particular

year by increasing the sample size. Details of the estimation procedure are

described in the Results section below.

In addition to the surveys listed in Appendix C, data from six other cross-

shelf surveys taken between January 1982 and July, 1983 were incorporated into

this estimate. Other additional data used in this estimation come from six surveys

from L985 to 1986 on which intake samples only were collected.
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TII. RESULTS

1 . { A. The Zooplankton Community

The average cross-shelf density (per m3) of the 21. zooplankton ta:<a

enumerated during the study at both the Control and Impact areas during each of

the Before and After periods are presented in Appendix E. Standard errors of the

means and the percentage of the total zooplankton each taxon represents at each

location/period combination are also presented. Table 1 ranks the ta,ra by this

percentage for both areas during both sampling periods.

The cross-shelf distribution patterns of the zooplankton taxa are presented in

Appendix F. The rnean density (per m3) found in each block/stratum combination

is presented.

A general description of the community and the natural history of the

component taxa is presented elsewhere (Barnett, 1987).

.-"-:
a-

t t  i  D 4
1. BACIP tests on abundance

n l

4 , 
'/ - t a. Notes on the presentation of thg test results

The BACIP test procedure was used to detect abundance changes in

zooplankton (see Interim Technical Report Yol2, for a discussion of the rationale

and design of the Before-After-Control-Impact-Paired test procedure). Note that

the BACIP test results presented in this report are those based on the log

transformation (of a number of equally appropriate log transformations) which gave

the lowest alpha, or most significant result. We recognize that selecting in this

n"1
> , th-.
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manner may overestimate the occurrence of significant test results. However, by

following this procedure we feel that all potentially affected species will receive

further consideration.

It is also important to note that the reported estimate of percent relative

change is based on the geometric means associated with the log transformation used

in the BACIP test procedure, and not on the arithmetic means of the abundances

observed at the various locations and periods. We therefore present the geometric

means in the discussion of the results for each ta;ron (below). The arithmetic means

are presented in Appendix E.

We calculate the percent relative change in the following manner:

The difference between preoperational and operational deltas, symbolically

AA , based on log transformations, is equal to

(log(t*s*U) - log(t*k.U)) - (log(U) - log(k.U)).

U is abundance at SONGS in the Before period. k is the multiplier relating

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

were of equal abundance in the preoperational period, k would have been 1. t is the

multiplier due to changes 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 only affects Impact. If there was a 50Vo decline s would equal 0.5. In the

preceding equation, U and factors k and t cancel out.
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Thus,

u = log(s).

Back-calculating s from the AA , the relative percent change is given by

(antilog(AA)-1) x 100.

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

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

transformation. Estimates of percent relative change can be sensitive to the constant

chosen, particularly in those species whose survey-by-survey data have a high

proportion of zeros at either Impact or Control location. We will present the range

of percent changes associated with the transformations which pass the assumption

tests of the BACIP procedure. Also note the asymmetry in the reported percent

increases and decreases. While a doubling is a L00Vo increase, a halving is a 50Vo

decrease. Increases can exceed 1007q but decreases cannot. (Percent changes are

translated into "factors" or "folds" in Appendix G).

Note that for the species discussed below, detailed BACIP test results, a

figure of the survey-by-survey deltas, and either a figure or a listing of the survey-by-

survey sampling data are presented in Appendix H.

b. Taxa tested for changes in abundance

Holoplanlcton

The BACIP test on abundance was conducted on all tar(a enumerated except

for two, the copepods Eucalanus califumicw and Rhincalanus nc$utug which were
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collected on only three Before surveys. Table 2 lists the L4 ta:ra of holoplankton

tested. The combined taxon Total holoplankton was also tested. The significant

(p < 0.1) test results are summarized in Table 3. We also present an estimate of the

size of the relative abundance change for these same taxa. Under these criteria of

reporting, one species obtained an alpha level of less than .05 (the cladoceran

Evadne spinifera) and onelbtained an alpha level betrveen .05 and .10 (Evadne
\-,

nordmanni).

Evadne spinifera

The BACIP results indicate that the abundance of this cladoceran decreased

in the Impact area since the onset of Plant operation. This relatively uncommon

species was the only taxon in which a significant decrease was detected. It

accounted for 0.86Vo (at Control) and 0.34Vo (at Impact) of the zooplankton during

the Before period and 0.30Vo (at Control) and 0.I47o (at Impact) during the After

period. The geometric mean abundances, percent relative change, and alpha level

of the test were:

Before
After

Impact

5.12
0.98

Control

7.t2
4.10

Vo change

-45 to -66 0.02

This species was the only taxon whose deltas exhibited a significant trend

with time in the After period. The trend indicates that the relative decrease

observed at Impact became larger with time in the After period (see Appendix H

for a figure of the survey-by-survey deltas).
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Evadne nordmanni

This cladoceran increased in abundance in the Impact area. lt accounted for

L.IZVo (at Impact) and 1,.87Vo (at Control) of the zooplankton during the Before

period and I.90Vo (at Impact) and 3.86Vo (at Control) during the After period. The

geometric mean abundances, percent relative change and alpha level of the test

(Mann-Whitney U) were:

Impact

Before 12.82
After 20.24

Meroplanlaon

Control

76.45
1,5.39

Vo change

68

P

0.058

t ,:/2,

I
2 .7 ,7 -
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All taxa enumerated were tested with the BACIP procedure (Table 2). The

combined taxon, Total meroplankton, was also tested. A significant (p<0.05) result

was obtained for Total meroplankton (see Table 3 for summary of results). Other

results (0.05<P<0.10) were obtained for Ci11p:F nauplii (a larval stage of

barnacles), Cyphonautes larvae (bryozoan larvae), Unidentified meroplankton,.and

@Al1demonstratedre1ativeincreasesattheImpactsiteduring

the After period. The taxa are discussed below in order of their abundance.

Total meroplankton

When all meroplankters are combined, the test result indicates an increase in

the Impact area. Meroplankton accounted for 6.3Vo of the zooplankton when

averaged over both sites and periods.
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The geometric mean abundances, percent relative change, and alpha level of

the test were:

This ta:<on is composed of the larval stages of unidentified benthic

invertebrates of many taxa. The test result indicates an increase at the Impact site

in the After period. During the Before period this taxon accounted for l.75Vo (at

Impact) and 2.45Vo (at Control) of the zooplankton, and during the After period it

accounted for 6.197o (at Impact) and 3.47Vo (at Control). The geometric mean

abundances, percent relative change, and alpha level of the test were:

Impact

Before 150.9
After 313.2

Unidentifi e d meroplanlct on

Control

r95.7
241,.8

Vo change P

64 0.029

Control

71.98
134.t0 +68 0.07

The BACIP results for this combined taxon (the larvae of unidentified

bryozoans) indicate an increase in the Impact area. This taxon accounted for t.89%

(at Impact) and 2.857o (at Control) of the zooplankton in the Before period and

2.83Vo and 2.197o in the After period. The geometric mean abundances, percent

relative change, and alpha level of the test (Mann-Whitney U) were:

Impact

Before 52.54
After 164.30

Cyphonautes lawae

Vo change P

Vo change P

+ 38 0.093
Before
After

Impact

60.64
83.68

Control

70.r9
70.26
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Cirriped nauplii

This taxon, composed of the naupliar stage of unidentified barnacle larvae,

increased in abundance in the Impact area. It accounted for 0.69Vo (at Impact) and

0.46Vo (at Control) of the zooplankton during the Before period and 0.24Vo (at

Impact) and 0.l6Vo (at Control) during the After period. The geometric mean

abundances, percent relative change, and alpha level of the test were:

Before
After

Impact

10.05
5.57

Control

9.86
2.34

Vo change

69 to I34

P

0.054

I
t
I
I
I
I
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'L , " 2. BACIP test using current direction

The preceding BACIP analyses test whether, averaged over all current

conditions, the abundance of zooplankton has changed at the Impact site relative to

Control. To test whether these results were biased against detecting Plant effects

compared to samples taken only when the prevailing longshore current direction

places the Impact site "downstream" of the diffusers, we sorted the surveys in both

Before and After periods by current direction and performed BACIP tests on the

two sets of survevs.

The results are summarized in Appendix I. Because sample sizes are

decreased when sorted by current direction, the power of the test is lqssened and
iaq" d., sos c,i'.{.,f.jTq,._*

changes in the alpha levels of the test are not particularly informative. More telling, \'

if consideration of current direction was critical to the detection of Plant effects, are

differences in the indicated direction (increase or decrease) of the abundance

change. As can be seen, the direction of the indicated abundance change obtained

on dates when the longshore current flowed upcoast ("plume" dates), are the same
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as obtained when data from all samplinng dates are used. These results corroborate

the results of the BACIP analyses using all survey dates.

3. Test of hypothesis of 50d decline

One of the goals of the MRC's zooplankton program was to be able to detect

50Vo reductions in the abundance of plankton in the vicinity of SONGS. When we

do not detect a significant effect on a t&\or\ we can ask: Can we confidently say (at

an alpha level of 0.10) that ail}Voreduction did not occur? To answer this question

we test the null hypothesis of the specified percent reduction (eg. 507o or greater)

against the alternative hypothesis of a smaller reduction (or increase). We do so by

reducing the Before abundance values found at SONGS by the specified percentage

and testing against the After abundance values. (This is akin to the standard

statistical procedure of testing a null hypothesis u = c when c does not equal zero,

by subtracting c from each sample value.) Had a 50Vo (or more) decline occurred in

the After period, we would fail to reject the null hypothesis. On the other hand,

rejection of the null hypothesis demonstrates that the change observed in the

BACIP comparison was indeed not a 50Vo (or greater) reduction (at an alpha level

of P=0.1). The results of these tests are presented in Appendix J.

B. Phytoplankton

A significant (p<0.1) relative change between Impact and Control in the

average cross-shelf concentration of the chlorophyll was not observed. See

Appendix H for detailed results of the BACIP test.

I
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)  , * { C. Distributional Changes

One of the predicted effects of the operation of SONGS on the zooplankton

community was an offshore movement of nearshore individuals by the seaward flow

of water entrained by the Plant's discharge. Examination of the distributional

patterns of the zooplankton taxa (Appendix B) indicates that most of the ta:ra

enumerated are found across the cross-shelf transect. However, several taxa appear

to be somewhat restricted to the areas corresponding to the offshore location of the

diffusers (A and B blocks), and these ta;rra are the ones expected to be at greatest

risk to offshore movement. Specifically, the copepods Acartia clausi and Oithonna

occulata, Qpris larvae, and the cladocerans Evadne nordmanni and Podon

polyphemoides, appeared to be found predominantly in the A and B blocks in the

Before period. Oithonna occulata was the taxon which had the most restrictive

nearshore distribution in the Before period with most individuals found in A block.

The expected action of the discharge was to move plankton from A to B Block and

from AB Block to C block.

We tested for distributional shifts by comparing the proportions of the cross-

shelf abundances found in the offshore blocks at both Control and Impact in both

the Before and After periods.

The test procedure is as follows: On each survey the abundances in A and B

block are combined. These data and the abundance in C block are then

transformed (1og transformations). The C abundance value is then subtracted from

the AB abundance value. The resulting difference from the Control line is then

subtracted from the corresponding difference from the Impact line. These final

differences (or deltas) from the Before surveys are compared to those from the
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After suweys using the BACIP procedure.

The same taxa tested for changes in abundance were tested for changes in

cross-shelf distribution. Two taxa demonstrated a change: Total Zooplankton

(p=0.036) and Qpris larvae (p=0.05). Both of these taxa displayed a greater

relative proportion in the nearshore AB block at the Impact site than at the Control

site during the After period.

The percentages of Total Zooplankton in the AB blocks were:

Before
After

Before
After

Control

59.1
50.5

Control

62.0
78.5

Impact

51.1
56.6

Impact

78.0
84.6

The percentages of Q'pris larvae in the AB block were:

Please note that the percentages shown here (and below) are those of the

abundances summed over all surveys. The test, however, was performed on survey-

by-survey distribution data as described above.
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A second analysis, using the same procedure, was performed testing for shifts

between A and B block. Again, the same taxa were tested and two displayed

significant changes in the relative proportions found in A and B block, Qpris larvae

(p= 0.008) and Unid. meroplankton (p= 0.041). Both of these taxa demonstrated

an increase in the relative proportion found in B block on the Impact transect in the

After period.

The percentage of Qpris larvae found in B block was:

Before
After

Before
After

Control

68.7
38.0

Control

85.4
76.8

Impact

48.8
72.3

Impact

74.6
77.0

The percentage of unidentified meroplankton found in B block was:
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I D. Estimation of Intake Loss

The average annual loss to intake withdrawal was calculated by averaging the

density of plankton in the water column at or near the intake depth over several

years and then multiplying this number by the volume of water withdrawn under

specific operating conditions and periods.

In general, plankton abundances have strong seasonal patterns. In the face

of such seasonality, the estimate of the yearly average would be influenced by the

relative number of samples taken during periods of low and high abundance. To

avoid this potential bias, the year was divided into two seasons, fall-winter

(September-February) and spring-summer (March-August), and two seasonal

averages determined for each year. These seasonal averages were then averaged to

give the average "intake density" for that year. Table 4 presents the seasonal

average intake densities of Total Zooplankton for the years 1976 ttnough 1986

(except 1981when too few samples were taken).

The average annual density was obtained by averaging over all years. This

density was then multiplied by the volume of water withdrawn to arrive at the

average annual intake loss. In making this estimate we have assumed that there will

be no large seasonal difference in the long-term pumping rates of the new units.

During the After period the average daily pumping rates for the two seasons were

70Vo (fall-winter) and 83Vo (spring-summer). If these seasonal differences in

pumping rates continue, and if spring-summer plankton abundances continue to be,

on average, greater than fall-winter, the procedure followed underestimates the loss

by approximately 5Vo.



20t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I

While the majority of the water withdrawn by the Plant is from the mid-water

stratum of the water column, other strata must also be at risk during periods when

the column is mixed (during storm periods, for example). To bracket the true

proportion of the water column at risk we have made two different estimates of

intake density (Table 4). One is based on the densities of plankton found in the

mid-water stratum only. The second estimate incorporates densities from all strata

of the water column.

Table 5 presents the average annual intake loss estimates of zooplankton.

(For a complete list of estimates for each taxon and the equations used in the

calculation, see Barnett, 1987.) One estimate is based on the average volume of

water circulated during the After period (mid-1983 through 1986). This corresponds

to six of the eight pumps in operation. The second estimate is based on the

maximum volume of water potentially circulated through the plant. The estimated

average annual loss of zooplankton (when six pumps are operating) is approximately

1.2 x 1013 plankters per year. This number can be converted to biomass by

multiplying by the dry weight of the average individual plankter withdrawn by

SONGS (calculated as 0.084 mg/individual; see Barnett and Jahn, 1987). The

average annual loss is approximately 900 metric tons of biomass.

We should note that these estimates are for the macrozooplankton

(zooplankton caught on 0.202 mm mesh) and do not include an estimate of the

amount of microzooplankton withdrawn. The MRC did not address the question of

microzooplankton loss directly. However, a rough estimate can be made using

publishe-d values of microzooplankton abundances in the nearshore waters of

Southern California. Strickland (1967) measured an average of 5.9 mg carbon of

microzooplankton/m3 near La Jolla, California (approximately 65 km south of
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SONGS). Using this value, the estirnate of rniero''zmplanktm ht to SOI,{GS

pumping at 75%a of maximurn would be approximately 325 nrctrie tons./,y,ear (see

Appendix J for calculatio,ns)-

r I
L^/

/
W. DISCUSSION

Y,i A. SONGS' Effects on Abundance

The central question asked by the MRC's zooplankton program was: does

the operation of SONGS result in a large, on the order of 50Vo or more, decrease in

the standing stock of zooplankton in the vicinity of the plant? The effect for which

we tested did not occur. Iarge decreases in the zooplankton community were not

observed.

However, when considered on a taxon-by-taxon basis, changes in abundance

were observed. Three of the taxa which exhibited abundance changes are composed

of the larvae of benthic invertebrates. The taxa are: the naupliar stage of barnacle

larvae; the larvae of bryozoans (ryphonautes larvae); and Unidentified

Meroplankton, a collection of the larvae of other benthic goups (tunicates,

molluscs, etc.). All of these taxa exhibited relative increases in abundance in the

Impact area ranging in size from 35 to l35Vo.

The other taxa which showed significant results in the analysis of relative

abundances were two species of cladocerats, Evadne nordmanni and Evadne

spinifera. While similar taxonomically, their abundances changed differently. E

nordmanni increased in the Impact area and E spiniftra decreased.
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The increases in relative abundance at fhe fryacf site are somewLlat

uneryected (although sffne incce&s€s wcre observed in samples taken very near

U.tif 1. in the stu$, d its effects; see Barnett and Sertic, t979). One possible

mechanism which could account for the increases in the meroplanktonic ta:ra at the

Impact slte is a localized increase in the source of the larvae. The insides of the

diffuser lines are colonized by large numbers of benthic invertebrates whose

reproductive products and larvae are released into the discharge stream. Additional

surfaces for these animals are afforded by the rip-rap and diffuser lines themselves.

Perhaps these populations of adult barnacles, bryozoans and other benthic animals

have subsequently increased the number of their larvae in the immediate area.

The abundance changes of the two cladocerans are more difficult to relate to

SONGS activity. The increased relative abundance of. Evadne nordmanni is difficult

to e4plain. If the Plant is making the Impact area "better" in some way for this

cladoceran it is difficult to imagine what process is involved. Because of the

relatively short time that any plankter resides in the area near SONGS, it is hard to

imagine that any biological process (eg. growth, reproduction, competition with or

predation by another species) would occur fast enough to result in a locally detected

increase in abundance of this ptanktonic species.

Assigning a mechanism that results in the observed decrease in Evadne

spiniftra is equally difficult. Particularly intriguirig is the occ$rrence of the irenC

with time in the After deltas. This implies that the Impact area is somehow

worsening in time with respect to this animal. But it is difficult to hypothesize what

factors accumulate and how they do so to make an area progressively unattractive to

a planktonic organism
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a , L B. Distributional Changes

There is evidence that relative shifts in the cross-shelf distributions of some

taxa have occurred at the Impact site since the onset of Plant operation. However,

these shifts do not indicate movement of large numbers of individuals out of areas

of restricted nearshore abundance. The two instances where significant offshore

movements, as e4pressed by the proportion of the cross-shelf number present in a

block, were detected involve the movement of Unidentified meroplankton and

Cypris larvae from the nearshore block (A) to the adjacent offshore block (B).

This seaward shift in the distribution of these two taxa is consistent with the

expectation that the water entrained by the discharge of SONGS would move

nearshore plankton offshore. An alternative mechanism, however, can be posed.

The increase in the B block proportion of these larvae of benthic invertebrates may

result from an increase in the adult local population. A portion of the B block

corresponds to the diffuser depths. Perhaps the increased amount of hard substrate

made available by the diffuser lines and associated rip-rap has increased the source

of these larvae in the area.

This alternative mechanism is more tenable for the meroplankton than the

cypris larvae, however. The cypris lanra is the last stage in the planktonic portion of

the barnacle's life cycle. The young of most barnacle ,p".i"r*1."re released as

younger naupliar stages, and the residence time of water near the Impact site is

much less than the time necessary for a locally released larvae to mature through

several naupliar stages to the cypris stage. It is more likely therefore, that the shift

in the cypris distribution is indeed the result of the offshore movement of nearshore

waters by the action of the diffusers.
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Does this shift in distribution adversely affect the larvae? While this

question has not been experimentally addressed, it seems unlikely. Clpris larvae

normally occur in the region where they have increased in the Impact area and it is

unlikely that the area represents a particularly inhospitable environment. Again,

however, there is no direct evidence either for or against any increased mortality

associated with being displaced offshore to the distance we have detected.

Comparisons of the proportions of abundance in the two combined

nearshore blocks (A and B) to those found in the block further offshore (C) indicate

that the distributions of two taxa, Total zooplankton and Qpris larvae, have shifted

shoreward at the Impact site. While this may indicate that the larvae are being

moved shoreward by some as yet undocumented water movement, it more likely

reflects not a movement but a general increase in abundance of the zooplankton in

these blocks at the Impact site.

While Q'pris larvae and Unidentified meroplankton appear to shift from A

to B block, movement from AB to C block is not detected#{his accords with the 1i*-+

observed behavior of the discharge plume. Most of the wdter in AB block that

encounters the plume is not displaced much beyond the offshore end of the Unit 2

diffuser. (The nearshore boundary of C block is approximately 500 m seaward of

this point.)

In summary, although the Plant kills approximately 900 metric tons of

zooplankton a year, this loss is insufficient to cause large reductions in the local

standing stocks. In fact, there is some evidence that some select zooplankton t&xa

have increased near the Plant. The offshore movement of the nearshore

zooplankton that occurs from entrainment of the discharge waters does not appear

t
T
I
I



to be great enough to result in either large scale shifts in the cross-shelf distribution

or in local population reductions.
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TABLE 1. THE ZOOPI-ANKTON COMMUNITY,IN ORDER OF Vo ABUNDANCE.

PREOPERATIONAL

RANK

1
2
a't', J

4
5
6
7
8

,9
10
11
12
13
t4
15
t6
17
1B
19
20
2t

- 22.',-

% ABUN.
DANCE

36.76
L9.20
tL.45
6.36
5.91
5.52
3.90
1.89
r.75
1,.47
t. t9
1,.L2
0.92
0.74
0.69
0.34
0.22
0.22
0.19
0.r7

% ABUN-
DANCE

30.I2
1,6.12
13.97
r0.25
7.20
5.22
4.02
2.85
2.45
2.23
1.87
0.87
0.79
0.75
0.46
0.28
0.24
0.11
0.11
0.07
0.01

SONGS

Acartia tonsa
Paracalanus parw)s
Unid. holoplankton
Podon polyphemoides
Penilia avirostris
Corycaeus anglicus
Sagitta euneitica
Cyphonautes larvae
Unid. meroplankton
Oithona plimifera
Labidocera trispinosa
Evadne nordmanni
Calanus pactficus
Acartia clausi
Cirriped nauplii
Evarlne spiniibra
Unid. others
Qpris larvae
Rhincalanus nasutus
Oithona oculata

RANK CONTROL

I Acartia tonsa
2 Paracalanus pcuvus
3 Unid. holoplankton
4 Penilia avirostis
5 Podon polyphemoides
6 Corycaeus anglicus
7 Sagitta eunertfica
8 Qphonautes larvae
9 Unid. meroolankton

10 Oithonaplimifera
l.L Evadne nordmanni
12 Evadne spinifera
13 Calanus pacificus
14 Labidocera tispinosa
15 Cirriped nauplii
16 Acartia clausi
17 Qpris larvae
18 Oithona oculata
19 Unid. others
20 Rhincalanus nasutus
2l Eucalanus califomicus
ez

Eucalanus californicus <0.01:
Uni&meroplinkton"'' - .'-' - ***<S${*
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TABLE 1. (Continued)

RANK

OPERATIONAL

1
2
J

4
5
6
1

8
9

10
11
T2
13
t4
15
16
I7
18
19
20
2L

SONGS

Acartia tonsa
Paracalanus pavus
Unid. holoplankton
Corycaeus anglicus
Unid. meroplankton
Sagitta euneitica
Podon polyphemoides
Qphonautes larvae
Oithona plumifera
Calanus pacificus
Evadne nordmanni
Labidocera trispinosa
Cirriped nauplii
Clpris larvae
Unid. others
Evadne spinifera
Oithona oculata
Acartia clausi
Rhincalanus nasutus
Eucalanus califurnicus
Penilia artirostris

RANK CONTROL

1 Acartia tonsa
2 Paracalanus pauvus
3 Unid. holoplankton
4 Corycaeus anglicus
5 Evadne nordmanni
6 Sagitta euneitica
7 Unid. meroplankton
8 Podon polyphemoides
9 Oithonaplumifera

10 Qphonautes larvae
11 Calanus pacificus
12 Labidocera trispinosa
L3 Evadne spinifera
L4 Cirriped nauplii
15 Qpris larvae
L6 Unid. others
17 Oithona oculata
18 Acartia clausi
19 Rhincalanus nasutus
20 Eucalanus califurnicus
2L Penilia avirostris

% ABUN-
DANCE

33.38
20.23
L4.24
7.76
6.19
3.r9
3.10
2.83
2.80
2.63
1.90
0.89
0.24
0.18
0.14
0.14
0.r2
0.05
0.01
0.01

< 0.01

% ABUN.
DANCE

31.40.
21.88
t5.14
10.07
3.86
3.54
3.47
3.36
2.30
2.20
1.65
0.43
0.30
0.16
0.13
0.10
0.01
0.01

< 0.01
< 0.01
<0.01,
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TABLE 2. ZOOPI-ANKTON TAXA TESTED FOR CHANGES IN ABUNDANCE. The diTection
of change for all species, regardless of alpha level of the test, is indicated (d = decrease, i = increase).
Questiol marks iridicate thit the directi6n of could not be determined. Nis the frequency of
occurrence.

TAXON

Holoplankton

Acartia clausi
A. tonsa
Calanus pacificus
Corycaeus anglicus
Evadne nordmanni
E. spinifera
Labidocera trispinosa
Oithona oculata
O. plumifera
Paracalanus parwls
Penilia avirostris
Podon polyphemoides
Sagitta euneritica
Unid. holoplankton

Total holoplankton

Meroplanton

Cirriped nauplii
Cyphonautes larvae
Qpris larvae
Unid. meroplankton

Total meroplankton

**  p<0.05
* 0.05> p 0.L0<

DIRECTION OF CHANGE N

54
54
54
54
54
54
54
54
54
54
54
54
54
42

4l

I

d
i
d
i*
d**
i
?
i
d

i*
i*
i
i:f

i * *

42
54
54
42

4l
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TABLE 3. BACIP TEST RESULTS (p<0.10) FOR ZOOPI-ANKTON. Often more than one
transformation passed assumption testi and was appropriate for BACIP testing (see Appendix H).
Shown here are the test results and estimate of percent relative change for the transformation with
the lowest alpha.

TAXON

Holoplankton

Evadne
spinifera

Evadne
nordmanni

Meroplankton

Qphonautes
larvae

Cirriped
nauplii

Unidentified
meroplankton

Total
meroplankton

TRANSFORMATION P>tdf % CHANGE

-51

+68

+38

+L34

+67

+45

39

50

log(x+0.01)

log(X+0.1)

log(X+ 1)

log(x)

log(x)

log(XX+ 100)

0.023

0.058

0.093

0.054

0.070

0.029

52

40

40

40
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TABLE 4. SEASONAL AVERAGE INTAKE DENSITIES OF ZOOPI-ANKTON. L976-L986.
Mean and standard error of total number of plankters/ m3 at intake depth for two seasons (fall-
winter, and spring-summer). N = number of samples bn which the estimate is based. Two estimates
are given, one based on densities in the midwatef stratum only the other on densities througout the
entiie water column. Insufficient samples were taken to make midwater only estimates in 1978 and
spring-summer of 1979.

MEAN DENSITY
YEAR

1976

r977

1978

r979

1980

1982

1983

1984

1985

1986

SEASON N

4
4

4
6

f-w
s-s

f-w
S-S

f-w
s-s

f-w
S-S

f-w
s-s

f-w
s-s

f-w
s-s

f-w
s-s

f-w
s-s

f-w
s-s

Midwater Only

z9s2 (resz)
s284 ( 18s6)

rr84 ( 23s)
1,6493 ( 8047)

-

242r ( 3s4)

s364 (n24)
s603 ( 1407)

37ss ( 674)
6163 ( 4174)

zest ( 33s)
1.6e2 ( s27)

274e ( 471)
ts46 ( 701)

1272( 401)
66ss ( 1944)

2627 ( e27)
17248 (1276A)

Entire Column

2t33 (1,L96)
s44s (181s)

2218 (336)
rsssT (7786)

302t (4s0)
38s2 (1304)

5078 (1110)
s192 (1142)

7867 (12e1)
8366 (1084)

3201 ( e3)
76s8 (217)

44ss (1818)
2034 (602)

2786 (s48)
3120 ( ss3)

1766 (so7)
77eA (882)

22s0 (694)
14es7 (6970)

N

4
4

4
5

9
6

10
13

4
6

2
2

z
2

4
3

5
7

4
4
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TABLE 5. AVERAGE ANNUAL INTAKE LOSS OF ZOOPI-ANKTON. The mean (and standard
error) of intake.loss based on two circulating water volumes and on two sources of intake water. The
numbers a-re 1012, or trillions, of plankton. I.f for the midwater only estimate is 9, for the entire water
column, 10.

CIRCUI-ATING WATER
TAXON

Total zooplankton

Total holoplankton

Total meroplankton

INTAKE SOURCE

midwater
entire column

midwater
entire column

midwater
entire column

75Vo

11.02 (2.4e)
13.06 0.n)

e.es (2.4s)
r2.0s (1.23)

1.07 (0.20)
1.01 (0.13)

100%

14.70 (3.31)
17.42 (1.64)

13.26 (3.26)
16.06 (1.64)

r.$ (a.27)
1.36 (0.17)
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A-1

,A,PPENDIX A. BOUNDARIES OF THE BLOCKS OF THE CROSS.SHELF
TRANSECTS.

Block

A

B

C

Distance offshore (m)

shoreline - 1370

1870 - 3070

3070 - 4140

Depth contours (m)

0 - 10.5

10.5 - 18

18-30



APPENDTX B. VOLUME OF WATER 0N M3) IN THE BLOCKS AND
STRATA OF A METER-WIDE STRIP OF CROSS-SHELF TRANSECT.

1000

8688

BLOCK

B

4250

7t00

1,1238

t700

24288

C

3745

8025

12840

1070

25680

B-1

586s6

STRATUM

Surface

High Midwater

Low Midwater

Epibenthos

Total

GRAND TOTAL

A

2500

5188



c-1

APPENDIX C. OPERATION OF UNITS 2 AND 3 ON ZOOPLANKTON SAMPLING DATES.

Date

Pr€operationaf

25 AUG 76
26 AUG 76

15 SEP 76
17 SEP 76
4 NOV 76
11JAN 77
13 JAN 77

23MAR77
7 JUN 77
9 JUN 77

2 NOV 77
20 JAN 78

31 MAY 78
27 JUL78

24 AUG 78
15 SEP 78
10 JAN 79

27 NOV 79
20DF,C79
24 JAN 80
25 FEB 80

23 MAR 80
29 APR 80

29 MAY 80
29 JUN 80
31JUL 80

31AUG 80
25 SEP 80
29 oCT 80
24 JUN 81
5 AUG 81
5 NOV 81

MEAN

Pumps* VoPower

0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0' 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.0 0
0.8 0
1.0 0
1.0 0
0.7 '  0
1.0 0
1.0 0
0.0 0
0.0 0
0.0 0
0.0 0

0.t7 0

Date

operffroTa,f

18 AUG 83
5 DEC 83
7 FEB 84

11 MAY 84
8 JUN 84

31AUG 84
28 SEP 84
18 OCT 84
14 DEC 84
18 JAN 85

26 MAR 85
19 APR 85

16 MAY 85
7 JUN 85
2 JUL 85

30 JUL 85
30 AUG 85
11 FEB 86
9 MAR 86
9 MAY 86
3 JUN 86
3 JUL 86

11 SEP 86

Pumps* VoPower

650
. . :

j_!

t,

-..r 1
t 2 . b  \
-  3-(  * I
- t, s*8

- r r ,3  3

50
0

50
100
100
100

- l o . a  g
- r o . f  8
t o . t  g
I ' s  g
c .q  g
1 . j  8

-  j . t  r '  
6- a ' r  
4

^  8 . '5  7
rs,5- 8 100
.  . ,  ,

X - l
t r P C o o s I  A \ . I n :' qtle.l*^

l .o  g  92
-e .?  4  50
- ) . . '  *  4  50
tt.8 6 50

- r1g  8  62
100
100
78
78
78
98
35
50
50

74.4

* Maximum number of pumps is 8; flow rate for each pump is about 207,000 gallons per minute.



78
78
68
68
0
0
0
0

2.0
2.0
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D-1

APPENDIX D. OPERATION OF UNIT 1 ON ZOOPI-ANKTON SAMPLING DATES.

Date

Itr€operaiionEI-

25 AUG 76
26 AUG 76

15 SEP 76
17 SEP 76
4 NOV 76
11 JAN 77
13 JAN 77

23 MAY 77
7 JUN 77
9 JUN 77

2 NOV 77
20 JAN 78

31 MAY 78
27 JUL78

24 AUG78
15 SEP 78
10 JAN 79

27 NOV 79
20DF,C79
24 JAN 80
25 FEB 80

23 MAR 80
29 APR 80

29 MAY 80
29 JUN 80
31JUL 80

31AUG 80
25 SEP 80

29 OCT 80
24 JUN 81
5 AUG 81
5 NOV 81

MEAN

Pumps* VoPower Date

Operttionaf

18 AUG 83
5 DEC 83
7 FEB 84

11 MAY 84
8 JUN 84

31AUG 84
28 SEP 84
18 oCT 84
14 DEC 84
18 JAN 85

26 MAR 85
19 APR 85

16 MAY 85
7 JUN 85
2 JUL 85

30 JUL 85
30 AUG 85
11 FEB 86
9 MAR 86
9 MAY 86
3ruN86
3 JUL 86

11 SEP 86

Pumps* VoPower

2.0
2.0
1.0
0.0
0.0
2.0
2.0
2.0
1.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
0.0
0.2
1.5
0.2
2.0
4.7
0.0
2.0
0.0

99
77
45
97
54
97
88
65
95
95
92
92
95
88
0
0
0
0
0
0
0

81
0

2.0
1.7
2.0
2.0
0.0
0.0
0.0
2.0
L.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.0
0.0
0.0
0.0
0.6
2.0

0
0
0
0
0

87
93
87
89
84
93
93
93
0
0
0
0
0
0

0
0
0

2.0 82

r.46 51

1.0 0

31,.26

* Ma,ximum number of pumps is 2; flow rate for each pump is 1.60,000 gallons per minute.
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E-1

ABPENDIXE. ZOOPI-ANKTON ABUNDANCES. Mean cross-shelf density (per
mr) during preoperational and operational periods. Standard errors of the mean
an<i the pe-rienta^ge of the total zooplankton accounted fol !y th_e taxon is_given.
The number of srlrveys on which th'e ta:ron was found at eithbr Contol or Impact site
is presented in the right hand column.

A note concerning the taxa listed. The taxa are mutually exclusive. Plankters were
indentified to speiies where possible. If species could nbt be determined, larvae
were assigned to more inclusive taxa.
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F - 1

APPENDIX F. ZOOPLANKTON DISTRIBUTION. Mean density (per m3) in
individual strata at Impact and Control. Subsurface (S) is the top L m of the water
column of all blocks. Epibenthos (E) is bottom 1. m in all blocks. Water column in
between is divided into trvo layers,'h{gh (HM) and low (LM) midwater. Ablock
midwater was not divided into two layers.



F-2

s
s

E
E

E
E

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Appendix F.  Cont inued

DENSITIES AT SONGS AND CONTROL BY

Acar t i a  c laus i

CONTROL

BLOCK AND DEPTH

oP
Pre-  oP

d i f f

oP
Pre -oP

d i f f

oP
pre -oP

d i f f

oP
Pre-  oP

d i f f

oP
pre -oP

d i f f

oP
Pre -oP

d i f f

oP
Pre -oP

d i f f

oP
pre -oP

d i f f

-21:15 --------6:m

A
2 .55

23  .60

0 .00
30 .54

0 .00
0 .00

11 .  30
116  .00

SONGS

A
L .57

L40 .28

c
0.00
o.26

------4:n

0.00
o .L2

-T']IZ

0.00
4  .56

-------4:66

0.04
1 .58

-T.55

c
0.00
0 .  17

------:o:T7

0.00
0 .74

----4:74

0.00
0 .55

B
0.00
6 .28

0 .00
9 .49

0 .00
5 .  s3

o .64
62 .48

B
0.00
o .99

HM
HM

LM
LM

:50.54 ---_e 
Ae

o.To ------:3.53

- 104.70 
----=I54

Acar t i a  c laus i

S
S

}IM
HM

LM
LM

-:T3E.70

4.72
79 .6s

--- -:7T:83

0.00
0 .00

-0lo

L25.04
368  .7  6

----:TTT:n

-0 .99

0 .00
o .42

------4:42

0.04
7 .4L

-----:7 
.17

o.44
36s  .7  6

-t65 .52

-0 .55

0 .00
40 .  3s

-----zo:35



F-3

I
I
I
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DENSITIES AT SONGS AND CONTROL BY

Acar t i a  t onsa

CONTROL

BLOCK AND DEPTH

S
s

HM
HM

LM
LM

E
E

I{M
ItM

LM
LM

E
E

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

oP
Pre -oP

d i f f

oP
Pre -oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre-  oP

d i f f

oP
P r e - o P

d i f f

oP
P r e - o P

d i f f

oP
P r e - o P

d i f f

oP
pre-  oP

d i f f

A
288 .71
571 .58

----:28T:96

697 .59
L327 .33

----:6Tr:73

0.00
0 .00

0 .00

3411 .61
44s2 .82

-T64ilZT

B
LL57 .02

433 .25

c
282.86
249 .48

------3.3E

L646  . 37
L326 .25
-326:E

L98L .22
950 .94

-rom.uE

211.  13
314 .93

723  .7  6

t252 .6L
1513 .02

---736:42

2234.L8
LL7 4  .39

-T65q:79

2347 .30
4151 .30

A
896 .87
799 .4L

-------gT-A6

2s09.84
978 .58

----T53T:26

0.00
0 .00

0 .00

3642 .87
3834 .22

-T9T.35

-  1804 .00

Acar t i a  t onsa

SONGS

B
65L .02
455 .L6

195 .86

23L2 .84
1731 .  16

581 .69

2423 .85
21 ls .51

--=oE.f4

1864 .89
223L .70

----:3E6.ET

-  103  .80

c
2L2.07
49L .05

- 219:Tq

808.22
2370 .4L

-Ls62 .L9

22LO.45
L578 .64

--63T.EZ

190 .  15
313 .05

---:E 
:Eq
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Appendix F. Continued

DENSITIES

oP
Pre -  oP

d i f f

op
Pre-  oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

oP
P r e - o P

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o p

d i f f

oP
P r e - o P

d i f f

A
1.  17
0 .39

AT SONGS AND CONTROL BY

Ca lanus  pac i f i cus

CONTROL

BLOCK AND DEPTH

c
14.  35

8 .74
-5.TT

88 .87
52  . 62

36.2s

277 .3L
94 .35

-Tgz.95

22.56
26 .L0

-------:3:54

0.  78

0 .90
0 .s1

0 .30

Calanus paci f icus

SONGS

B
4 .43
2 .7  5

-T.69

13.66
8 .88

----- -4:78

11 .87
5 .  15

-------5.72

10 .87
3  . 84

B
5  . 67
L .7  4

--------3.q4

L2.82
4 .01

--------8.T2

22.97
7  .37

--15:UT

12.  10
11 .38

--------6:72

c
8.27

19 .33

-Ti:o7

L49  . 50
47  . 9L

-mT:69

516  . 58
133 .09

---383.30

58  . 62
30 .36

-r{:75

0.39

0 .00
0 .00

0 .00

1 .  17
0 .87

A
L .67
1 .37

--------0-5

3  . 69
1 .06

---T:65

0.00
0 .00

-----T;00

L .L2
L  . 2L

---:org
7  .O3
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Appendix F. Cont inued

DENSITIES

HM
HM

LM
LM

oP
Pre-  oP

d i f f

op
Pre -  oP

d i f f

op
Pre -  op

d i f f

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
p f e -  9 P

d i f f

oP
P r e -  o P

d i f f

op
P r e -  o P

d i f f

-0 .8s

1 .  54
16 .81

-----:T':n

0.00
0 .  00

----010

L .77
1r .46

B
2.47
7  .6L

-s .19

10 .35
18  .58

-------:g:72

TL.46
20 .49

-------:913

4.  0s
60.00

-:Js.-35

- L .7  5

5 .93
26 .93

AT

A
L.32
2 .L7

- 9 .69

A
2 .96

32 .L9
----:Tq 

.73

1 I .  07
32 .20

-21 .13

0 .00
0 .00

0 .00

1 .  35
3 .89

- -r:54

SONGS AND CONTROL BY

Cir r iped naupl i i

CONTROL

BLOCK AND DEPTH

c
L.99
2 .24

*---:I-:8

10 .86
28 .  18

-I7-T

9.31
L7  .46

-7.74

0.58
0 .85

-------:7.27

C
6.24

56.s2
-----:96:n

15.  11
4s.s6

---:30.25

6 .  13
15  . 08

-8 .95

o .62
0.84

-----4:n

S
S

HM
HM

LM
LM

Cirr iped naupl i i

SONGS

B
L .94

27 .62

-r5.68

2L .L7
38 .88

------w.m

25 .64
27  .39

-20 .00
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Appendix  F. Continued

DENSITIES

oP
Pre -oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre-  op

d i f f

op
Pre -oP

d i f f

op
p re -oP

d i f f

oP
pre*  op

d i f f

oP
Pre -op

d i f f

27 .8L

55 .  14
39  .69

-T6.25

0.00
0 .00

--------T]TO

106  .  63
7 t . 34

-3T:n

A
55.79
27  .98

A
LZz .LO
4L.54

----EI.Z6

L40.74
33 .70

-r07.T4

0.00
0 .00

0 .00

L07 .46
33 .96

B
268.33
133 .44

388  . 24

3L8 .77
2s2.32

---6T:45

227 .94

749 .33
260 .9L

-----zEE.Z3

L52.7 t
r47  .38

AT SONGS AND CONTROL BY

Corycaeus angl icus

CONTROL

BLOCK AND DEPTH

C
448 .48
238 .87

209  . 6L

589 .92
36L .99

134.  89

57  L  .36
221 .53

------i4q:84

563.30
187 .90

-----75.40

464 .89
109 .  70

------355:T9

Corycaeus angl icus

SONGS

B
L94 .37
L66 .59

----27-.79

397  . 87
223  . 6L

-----TTm

595 .58
207 .33

s.33

c
354 .60
309 .22

---25.38

so4 .34
428.24

76 .LL

szL.25
318 .75

--mT:56

r42.86
79.09

-------6T:78
73 .50
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Appendix  F. Cont inued

DENSITIES AT SONGS AND CONTROL BY

Cyphonautes larvae

CONTROL

BLOCK AND DEPTH

oP
P r e -  o P

d i f f

oP
P r e - o P

d i f f

oP
Pre  -  oP

d i f f

oP
P r e - o P

d i f f

oP
pre-  oP

d i f f

oP
P r e - o P

d i f f

oP
p r e -  o p

d i f f

oP
Pre-  oP

d i f f

A
44.s9
47.98

68  . 77
79 .25

0.00
0 .00

167 .13
55  .54

-----fTr-8

A
LOz.02
80 .86

2L2 .3L
90 .  88

-----vT:43

0.00
0 .00

80  . 97
L92 .86

B
34 .34
81 .65

63 .60
189 .19

113  .05
L02 .82

B
LO7  .20

28 .44

243.20
7L .99

c
29.42
59 .L4

-----4qiz

260 .30
L28.44

-T3T. 
E7

111.  82
L34 .9s

----:z3ll3

L6  . 64
L3 .74

-'-,.,o

-- -3-9 ----:47 
.57

--ro-.48 -TZ5:58

--o.To -T0:23

I

109 .54
76  .05

-----33t49

Cyphonautes larvae

SONGS

S
s

HM
HM

I
I
I

__,T:T6 -1T:T6

L7  L .2L

24L .89
111 .  05

116 .95
35  . 06

c
36.7L
36 .75

------:T.T3

L47.36
103 .70

43  .67

75 .4L
82  .49

-------:zTE

7 .63
3 .23

---4:39

LM
LM

E
E

--T-:00 ---T3T.T3

-=iTileg -----8T.89
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Appendix F. Cont inued

DENSITIES AT SONGS AND CONTROL BY

Cypris larvae

CONTROL

BLOCK AND DEPTH

S
S

oP
Pre -  oP

d i f f

oP
Pre-  oP

d i f f

oP
Pre-  op

d i f f

oP
Pre-  oP

d i f f

A
6 .50
4 .89

L .7  L

L2.sO
12.03

------T.ZE.

0.00
0 .00

0 .00

94 .01
34 .25

59 .75

A
8 .46
9  . 00

B
4.84
3 .53

-T.37

2 .46
8 .16

-5.fo

4  . 69
9 .26

-----4:57

10.  96
36 .43

-75 .47

B
2 .43
2  .50

------ -T;T7

9.7 t
5  .40

------z:37

18.39
8 .86

----- 
o c, ?

.  '  .  J J

30.41
36 .39

c
1 .51
3 .97

----:2.46

3.60
8 .82

-------:T:ZZ

3.L7
8  .04

-----:4-T-8

1 .56
L4.s7

-I3ITT

llM
HM

LM
LM

E
E

Cypris larvae

SONGS

S
s

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
P r e - o P

d i f f

oP
Pre-  oP

d i f f

-0 .55

13 .59
30 .43

-T6.T4

0.00
0 .00

---0lo

33.75
39  .84

---- -?.09

c
2.09
1 .58

0.5r

2 .7  6
4.s2

---Tm

3 .7L
5 .66

- -T:94

6.45
6  .37

-------T-:07

HM
HM

LM
LM

E
E

-5 .97
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Appendix F. Continued

. DENSITIES AT SONGS AND CONTROL BY BLOCK AND DEPTH

Eucalanus ca l i forn icus

CONTROL

s
S

HM
ltM

LM
LM

E
E

oP
p r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
pre  -  op

d i f f

oP
P r e -  o P

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o p

d i f f

oP
P r e -  o P

d i f f

oP
Pre-  oP

d i f f

A
0.00
0 .00

------T100

0.00
0 .00

----0:T6

0.00
0 .00

-----T-:m

0.00
0 .00

--T:TT

A
0.07
0 .00

-0.T7

0.00
0 .00

-----T.00

0.00
0 .00

-_--0-:To

0.00
0 .00

------l.TT

B
0.  33
0 .00

0 .  33

0 .33
0 .00

0.33

o.29
0.00

o.29

0 .00
0 .00

--------T-.00

0.08

0 .  18
0 .26

-:T:OB

0.73
1 .59

--T.E3'

0.07
0 .00

---T.T7

c
0.00
0 .00

--------T-.00

0 .65
0 .00

0.65

0 .85
0 .00

----o;E6

0.14
0 .25

---- -T:m

B
0.00
0 .00

0 .00

0 .00
0 .26

-o .26

0 .00
0 .00

0 .00

0 .00
0 .00

0 .00

Eucalanus ca l i forn icus

SONGS

c
0.08
0 .00

S
s

HM
HM

Ll'I
Lil

E
E
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Appendix

BLOCKAND DEPTH

Evadne nordmanni

CONTROL

s
S

HM
HM

LM
LM

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
pre -  oP

d i f f

oP
Pre -oP

d i f f

oP
Pre-  oP

d i f f

op
Pre-  oP

d i f f

A
83.39
36 .02

B
21s.08
113  . 41

- ----47-:i7 -T0r:67

111.  61
45 .79

---35:BZ

0.00
0 .00

--T.TO

20.  10
3L .99

__--_ -TT:EB

A
68 .  B6
28 .68

-----20:18

L35  . 47
33 .87

-----T0Tt59

0.00
0 .00

-------T.IO

10.02
L4 .99

------:4:16

603.05
LL3.26

-----4{r:n

3L2.22
99 .24

-TTT99

s4 .64
L2.L4

- -----47:50

SONGS

B
178 .93

79 .59
-----9T:i4

L82 .92
147  . 03

---35.E9

L29.23
53 .70

--*----15.52

20 .60
11 .69

-8.37

c
115.  12
119 .91

------4-E

L23 .77
LL6 .96

6 .81

8 .96
L2 .82

-3 .86

2 .79
2 .4L

---o;37

E
E

Evadne nordmanni

IIM
HM

LM
LM

E
E

c
63.10
48 .87

-------T4:72

32.36
37  .34

-----:4lE

78 .31
8 .18

--46:T2

3.37
3 .27

--------om
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Appendix F .  Con t inued

DENSITIES AT SONGS AND CONTROL BY BLOCK AND DEPTH

Evadne spin i fera

CONTROL

HM
HM

LM
LM

oP
p r e -  o P

d i f f

oP
P r e - o P

d i f f

oP
P r e -  o P

d i f f

oP
p r e -  o P

d i f f

oP
Pre -oP

d i f f

op
Pre 'oP

d i f f

oP
pre -oP

d i f f

oP
Pre -oP

d i f f

A
11.04
54 .02

----47:q6

L2.76
48  .66

-----:35.30

0.00
0  .00

-----T.T-0

2 .96
11 .  16

- -8.20

A
4.31
7  .64

- -3.33

6  . 46
7  .O4

-------T--8

0.00
0 .00

-----o:00

o .46
2.L2

-T.66

B
s8 .97
69 .L5

-TO. r8

6.23
64 .95

- -59:12

2.72
9 .L6

--- -6.43

o .66
6 .09

- -  -5 .43

c
s6.33

L32.41

-76:67

24.87
25  .68

- 0 .81

2 .66
2 .75

---:T.T9

4 .75
L .44

-- -0.89

Evadne spinifera

s
S

HM
HM

LM
LM

SONGS

B
1s .07
23 .46

-----8.39

17.  33
L8.47

-T.14

3 .01
4 .84

--- -rE3

1.29
4 .07

------- -T:78

c
29.L3
58 .79

-rq .66

3.91
31 .05

-------z-7.T4

1.03
3 .31

-z:a
L .62
1 .43

0.  19



F-  12

HM
HM

LM
LM

E
E

HM
HM

LM
LM

E
E

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

Appendix  F.  Cont inued

DENSITIES AT SONGS AND CONTROL BY BLOCK AND DEPTH

Lab idoce ra  t r i sp inosa

CONTROL

oP
Pre -oP

d i f f

oP
Pre-  oP

d i f f

oP
Pre -oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -oP

d i f f

oP
pre -oP

d i f f

op
Pre-  oP

d i f f

oP
pre -  oP

d i f f

A
7  . 94

L2 .9L
--{.n

11.  80
32  .55

----- -m:76

0.00
0 .00

--Tto

35.07
89  .69

----- -5T:67.

A
18 .84
29 .47

-LO .62

32  .55
31 .50

--------i.T5

0.00
0 .00

--Tlo

58 .93
105  . 40

----=4C46

-63 .73

17 .13
52 .92

------:Tr:n

2s .64
24.25

-T.39

33.16
30 .64

-------z:57.

C
LL.7  4
4L .7  3

-:T' 
.gg

L6  . 65
34 .22

------w:n

30.82
L0  .52

B
L5  .57
79 .40

24 .20

6 .13
LO.74

--- -a3T

Lab idoce ra  t r i sp inosa

SONGS

B
33 .30
58 .83

------:zr:T4

42.69
ls l .61

-  108 .  91

L37 .04
77 .5L

c
16 .84

180 .91

-r6a.06

L2.39
27 .53

-T5113

16.60
14 .31

----t.o

56.06
6  .4L

--4T.65

59 .53

49 .86
61 .06

-  1 r .  20
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DENSITIES AT SONGS AND CONTROL BY

Oi thona  ocu la ta

CONTROL

I

S
s

HM
HM

LM
LM

E
E

op
Pre-  oP

d i f f

op
pre-  oP

d i f f

op
Pre -  oP

d i f f

op
p re -  oP

d i f f

op
P r e - o P

d i f f

oP
P r e -  o P

d i f f

oP
p r e -  o P

d i f f

oP
P r e - o P

d i f f

-0 .16

o .79
3 .19

-:z:4n

B
0.  51
1 .  06

-0 .01

0 .00
0 .24

-4.z4

o.49
0.31

-----0.T7

0 .52
0 .05

-----otzE

c
0.38
0 .27

-------T;r0

0.  10
0 .  18

BLOCK AND DEPTH

c
0.  14
0 .  16

A
1.4s
7  . 47

-- -6:62

L .47
32 .81

----3T:34

0.00
0 .00

--T.m

9  . 46
46 . I 9

-r33.-3

A
2 .2L

16 .39
- -f4:18

4.4s
18.26

---:fs:ET

0.00
0 .00

-__--o=.TT-

295 .O9
209  . 63

B
o .52
1 .45

------:T.-93

o.22
0 .71

--- -o:Z,

0 .  19
0 .35

O i thona  ocu la ta

SONGS

s
S

HM
HM

LM
LM

E
E

I
I
I
I
I
I
I

- 0 .55

o .64
5  . 08

-----=4:43

1.  07
1 .71

----:o:24

9 .53
13 .51

----:3:99

-0 .07

0 .04
0 .  17

-------:T;T3

o.45
0 .56

---- -T.Tr85  . 46
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Appendix F. Cont inued

DENS]TIES

oP
Pre-  op

d i f f

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

op
P r e -  o P

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o p

d i f f

oP
P r e -  o P

d i f f

oP
Pre-  oP

d i f f

A
L6 .70
13 .  10

3.60

22 .30
2L .75

0 .55

0 .00
0 .00

0 .00

46 .25
31 .49

A
40.93
z0  .63

20 .30

80 .30
42 .0s

38 .25

0 .00
0 .00

0 .00

41 .50
39 .58

--T.82

-  2s  .32

24  .58
87 .53

-----:6T:95

78 .89
49 .76

------zq:Tz

24.74
4L.46

AT SONGS AND CONTROL BY

Oithona p lumi fera

CONTROL

BLOCK AND DEPTH

c
22.03
30 .33

-8 .29

L20.09
L46 .09

-26 .00

322 .82
171 .83

150 .99

68 .61
85 .79

-17 .18

c
10.  33
20 .46

-  10 .  13

L25 .27
8s .72

B
t2  .59
37  .9L

HM
HM

LM
LM

E
E

S
S

HM
}IM

LM
LM

L4 .77 -L6 .72

Oi thona p lumi fera

E
E

SONGS

B
27  .09
20 .  10

------7.TT

68 .54
37 .68

30 .86

88 .26
61 .14

27 .L2

26  .64
52 .79

39 .55

4LO.92
LL7 .02

-2e55:9O

2L8 .25
s4.26

-T64.TT.- 26 .L5
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Appendix  F. Cont inued

DENSITIES AT SONGS AND CONTROL BY

Paracalanus parvus

CONTROL

BLOCK AND DEPTH

S
S

HM
HM

LM
LM

E
E

oP
P r e -  o P

d i f f

oP
pre-  oP

d i f f

oP
p r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
P r e - o P

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

A
301.59
294  .  s3

7  .06

272 .28
329 .83

-57 .55

0 .00
0 .00

0 .00

L090 .72
862 .60

228 .L2

A
307 .  63
288  .65

18 .98

42L ,4L
382  .48

38 .92

0 .00
0 .00

0  .00

L246 .59
77  6  .54

-----47d:A6

B
7  6L .6L
677  . 04

-gr:57

994 .83
726 .70

268 .  L3

L290 .40
708 .94

-56T.47

202L.4s
1073.63

------q47:{2

-2L8 .6L

L533 .27
994 .22

-53tT5

L42s .L8
776 .89

648  . 29

993 .L5
1005 .38

-----:TZ:T!

c
1800.  78
LO57 .86

----737:12

L492.49
410 .  s5

-mET.%

970 .L6
533 .35

----3E.ET

433 .41
697 .35

--:765:94

c
931 .98

L767 .39
-----85.40

780 .74
1037 .  90

---Tt7 
.T5

L360.52
698  .67

------62T.86

s23.30
649 .45

Paraealanus parvus

SONGS

B
625 .98
844  . 59

HM
HM

LM
LM

- L26 .L5
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Appendix  F. Cont inued

DENSITIES AT SONGS AND CONTROL BY

Pen i l i a  av i ros t r i s

CONTROL

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
Pre-  oP

d i f f

oP
p r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
p r e -  o P

d i f f

oP
p r e -  o P

d i f f

A
0.  00

37  .22
----- -3-7-22

0.00
30 .91

-30.3T

0.00
0 .00

-------Tlo

0.00
26 .45

-K.86

B
0.  00

2L4 .42
----:TT4:42

0.32
457  .O5

-=T66-3

0.07
2L2 .72

-- 
2IT:65

0.00
64 .20

--=64.m

A
0.04

97 .27
----97:n

0 .03
143 .33

-- -f43-O

0.00
0 .00

0 .  00

0 .00
43 .L6

------T3116

B
0 .04

307  . 85
---:m7.TT

0.00
835 .23

- -835.23

0.04
654 .20

----:654.8

0.03
63  .40

------:437

BLOCK AND DEPTH

c
0.04

96  .60

- 96 .57

o.23
381.02

-  380 .  79

0 .08
345 .79

-545.=n

0.00
Lzs.47

---:TZt 
.47

c
0.00

L67  .L3

-L67  .L3

0 .00
699 .44

- -699.44

0 .07
L47  .77

----:T47:76

0.00
6 .86

-----:8.T6

Pen i l i a  av i ros t r i s

SONGS
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Appendix  F. Continued

DENSITIES

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
Pfe-  oP

d i f f

oP
P r e - o P

d i f f

oP
p r e -  o P

d i f f

oP
P r e - o P

d i f f

A
39 .9L

398  . 00
--r35E:09

27.33
704 .66

-677 .33

0 .00
0 .00

0 .00

44 .93
484  .37

--:4jg:44

Podon

A
49.32

534 .33
--- -zE5:0I

1031 .78
s33.83

--Tr7-38

0.00
0 .00

--Tlo

75 .63
L43 .34

--67i2

AT SONGS

Podon

AND CONTROL BY

polyphemoides

CONTROL

B
88 .92

133  . 43
-------44:tT.

429  . 59
1005  . 25

-575 .56

L94 .52
250  .40

-55 .88

L3 .23
279 .67

- 266 .44

polyphemoides

SONGS

B
337 .44
561 .86

----:TTq:42

28s .83
729 .0s

-:q47 z7.

32. t3
3L2 .25

- 280 .L2

9 .L9
255 .92

- --14{:72

BLOCK AND DEPTH

C
L92.77

13  .94

178  .84

335 .03
52  .45

282  .58

27  .LO
5 .4s

2L .6s

3 .72
0 .82

2 .90

c
58 .51
25 .93

32.58

7 .s3
34 .62

--77 .Tq

L .7  6
LL .94

-T0:Tg

0 .97
1 .51

-__-:d:'4
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Appendix F .  Con t inued

DENSITIES AT

s
S

HM
HM

LM
LM

E
E

oP
P r e -  o P

d i f f

oP
Pre-  oP

d i f f

oP
p r e -  o P

d i f f

oP
P r e -  o p

d i f f

oP
Pre -oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

op
Pre-  op

d i f f

A
0.00
0 .00

-----0:00

0.00
0 .00

---T.TO

0.00
0 .00

-----o:no

0.00
0 .00

--0.To

A
0.00
0 .00

-------Tto

0.04
0 .00

---T.T4

0.00
0 .00

---Tlo

0.00
0 .00

-T':TO

-L .32

0 .04
0 .00

----o:T4

0.00
0 .00

B
0.00
o .26

-426

0.00
L .32

B
0.07
0 .00

SONGS AND CONTROL BY

Rhincalanus nasutus

CONTROL

BLOCK AND DEPTH

c
0.07
0 .26

- -0:T9

0.  15
6 .35

-6 .2L

0 .72
7  .4L

-6 .68

0 .07
0 .00

0 .07

c
0.  11
L .L2

-  1 .01

0 .97
5  .6L

- -5:64

2.74
33 .51

-36.17

0.  15
0 .75

-----:0130

0.00

Rhincalanus nasutus

SONGS

s
S

HM
HM

0.07

0 .08
0 .00

-------T.TT

0.04
0 .00

---014

0.00
0 .00

--*-0.TT

LM
LM

E
E

I
I
I
I
I
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Appendix  F. Cont inued

DENSITIES AT SONGS AND CONTROL BY BLOCK AND DEPTH

Sag i t t a  euner i t i ca

CONTROL

op
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -op

d i f f

oP
P r e - o P

d i f f

oP
Pre-  oP

d i f f

oP
Pre  -  oP

d i f f

oP
p r e - o P

d i f f

A
10.30
L2  .97

- 2 .67

24 .99
55  . 55

-30 .56

0 .00
0 .00

0 . .00

101  .  71
89 .73

LL .97

A
32.08
88  .45

-56 .37

111 .34
57 .74

-----53.m

0.00
0 .00

---E.m

112.50
47  .23

---65:77

L2.75

zLs.93
23L.26

-T5.34

331.17
224 .28

----ToE]T9

229.s5
L42  . 56

--86:99

c
74.80
66 .46

--E.34

183.13
183 .05

------TlT7

L47 ,8L
178 .82

----=T.OI

343 .07
2L8 .55

---EE:TT

c
23.31
46 .05

--- -2r.74

145 .51
zLt .63

----=z-:TI

165 .83
L92 .O8

--'--:TT24

318.01
188  .23

B
71 .38
58 .63

Sag i t t a  euner i t i ca

SONGS

B
L7  4  . 25

84 .43
--89.T3

277  . 28
222 .45

-54:83

209 .89
24L .84

-31 .95

235 .L6
13s .  s3

-TT:62
L29 .78
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Appendix  F.  Cont inued

DENSITIES AT SONGS AND CONTROL BY

Un id .  ho lop lank ton

CONTROL

AB
op  159 .60  522 .30
p re -op  80 .40  284 .2L

dif f 
-------89:ZO ----25ilm

op  L23  . 67  854  . 2O
pre -op  270 .22  784 .74

diff 
----T4{:95 -------6q.T6

op  0 .00  743  . 76
p re -op  0 .00  300 .32

dif f 
-------o50 ------44T.m

op  25A .gZ  644 .32
p re -op  306 .94  35L .49

dirr 
-:5C:OZ -zgI:gj

Un id .

BLOCK AND DEPTH

oP
p r e - o P

d i f f

oP
P r e - o P

d i f f

op
P r e : o P

d i f f

oP
P r e - o p

d i f f

A
248.s2
92 .3L

-T56.TT

2L6  . 66
109  . 88

-T06-:78

0.00
0 .00

-T.TT

262 .52
2L9  .63

-------42:89

holoplankton

SONGS

B
s51.16
297  . 07

-'tr cF'
806.35
440  .63

------i65:72

940.49
396  .65

-- 
543.T4

434.3L
298 .L3

-T3Z:T9

C
835.52
487  .9L

-347:67

925  . 69
79L .77

---TTg:92

1071.  13
850 .58

---zTT:55

312.13
s34 .22

---rrTm

c
746 .28
s 10.  54

-?ffi

6L5 .77
786 .L6

-Tm.59

1159 .08
80s .43

-----333-5

484.  15
368 .18

----aT5:97
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Appendix  F. Cont inued

DENSITIES AT SONGS AND CONTROL BY BLOCK

Unid.  meroplankton

CONTROL

S
S

HM
I{M

LM
LM

I
I
I

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
P r e -  o P

d i f f

oP
Pre -  oP

d i f f

op
p re -  oP

d i f f

oP
Pre -  oP

d i f f

op
Pre ' oP

d i f f

Un id .

A
47.50
13 .  70

------3.TO

67  . 90
29 .36

-------38.33

0.00
0 .00

------0.m

383.34
L26 .79

----T56:56

B
46 .46
23  .8L

22 .66

79 .OL
7  L .66

7.35

148 .81
58 .35

90 .45

226 .78
456 .10

-229 .32

meroplankton

SONGS

B
50 .21
29 .43

--26:78

L67  . 92
76 .L7

-------9T:75

260 .  s2
85.23

---ETm

377 .82
LLg .32

------zSElfo

Lt4 .2L

284.46
86 .04

-Trg.m

26s .39
188 .71

----76 
.67

108 .00
96 .08

AND DEPTH

C
141.40
27 .L9

LL .92

c
148 .89

38  . 64

E
E

s
s

HM
HM

LM
LM

E
E

I
I
I
t
t
I
I
I
I
I
I

A
s7 .44
26 .96

------fo.TE

83.34
83 .29

-------0.T5

0.00
0 .00

-o:T-0

280.57
118 .99

LLA.26

449 .08
78 .94

-----37T114

698  . 8  I
9L .92

----6o-6tT9

362.39
86 .47

--275.91
16  1 .58
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Appendix F.  Cont inued

DENSITIES AT

S
S

op
Pfe-  oP

d i f f

oP
Pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o P

d i f f

oP
pre -oP

d i f f

oP
Pre -op

d i f f

oP
Pre-  oP

d i f f

oP
Pre -oP

d i f f

A
5.90
0 .50

---5.m

0.  93
1 .  33

-------ilm

0.00
0 .00

--_--T:00

108.  18
23 .01

--85:T7

A
4.22
1 .  s4

-*-----2.68

3.40
7  .44

------r8.04

0.00
0 .00

-------D.TO

152.08
3L4 .  s7

B
2.45
o .72

-T:73

0 .68
L  . 57

-0 .89

1 .48
2 .72

-------:T24

18 .30
L6 .26

--------2.64

Unid.  o thers

SONGS

B
2 .LL
0 .41

-T.70-

1 .40
1 .89

-------4.49

5.7L
2 .42

-------3:Zq

47.58
35 .72

-------IIEE.

c
0.58
0 .92

-----=6:34

2.47
L .99

----*--otzB

4.  15
4  .49

------:o:34

10.31
L7  .06

SONGS AND CONTROL BY

Unid.  o thers

CONTROL

BLOCK AND DEPTH

c
1.00
o .52

---0:46

L .62
2 .94

- t .32

2 .74
6  .49

-'-----:5:74

ss.44
29.49

25 .95

HM
ltM

LM
LM

E
E

S
s

HM
HM

LM
LM

E
E

-L62 .49 -6 .75
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Appendix  F. Cont inued

DENSITIES AT SONGS AND CONTROL BY

To ta l  zoop lank ton

CONTROL

S
s

HM
HM

LM
LM

E
E

oP
Pre  -  oP

d i f f

oP
P r e -  o P

d i f f

oP
p r e -  o P

d i f f

oP
P r e - o P

d i f f

A
1104.  36
L2L7 .68

-:fT3:32

l s19 .93
L998 .97

---:47q:64

0.00
0 .00

---l.TT

s890 .37
938s .16

---4Tq4.79

B
3286  . 53
2698  . 60

5gT:T2

5148 .39
67  9L .57

-- -764i.fr

5086 .74
4203 . s3

-rsm.m

62L9  .60
9907 .95

---:368E135

B
297 4  .87
3 t55  .62

-T50.75

6395.31
60L2 .73

-----fEz:58

6558 .89
4s56 .11

--m6T:7q

4s58 .56
427  L  .39

-----z{7:fr

BLOCK AND DEPTH

D
4040.  85
2494 .84

----T146.@.

6113 .71
4998 .04

1r15 .67

5985 .34
3874 .10

-rffi:zI

L7  4L  . 49
2A8L .L2

--339tT3

D
2658.39
4L4A.52

s
s

HM
HM

LM
LM

E
E

I
I
I
I
I
I
I
I
I
I
I

T o t a l  z o o p l a n k t o n

SONGS

oP
Pre -op

d i f f

oP
pre-  oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

A
L978 .77
L672 .93

-----fostE4

5028  . 86
2364  .  s7

-2664:n

0.  00
0 .00

0.00

6s32.20
74L7  . 89

-  -8E5.69

-  1482 .  13

3811 .57
6785 .95

-2e97T:n

7237.32
47  62 .99

-Tnr:i3

2388.34
2030 .43

-----357.9r
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Appendix F. Continued

DENSITIES AT SONGS AND CONTROT BY

To ta l  ho lop lank ton

CONTROL

AB
op  42  . 8L  23L .7  5
p re -op  48 .93  187 .11

dif f 
--6.Tr. -------T8.64

op 121 .  10  604 .  38
pre -op  L63 .45  782 .03

dif f 
-----=4T:55 --- -fr7 .65

op  0 .00  1112 .87
p re -  op  0  .  00  7  69  . 2L

dif f 
---T.m ----34T:66

op  89 .41  170 .08
p re -op  156 .30  268 .85

dif f 
-----:33;€9 -------99:17

To ta l

BLOCK AND DEPTH

S
s

LL.27

4L6 .43
L87 .57

-2,I 
F-6

0.00
0 .00

----T.TO

104.  60
L22 .50

-T-89

holoplankton

SONGS

B
203 .83
22L .73

--- -f7.90

720 .63
703 .31

-fr:iz

1151 .91
820 .  16

---33T.75

116.70
117 .63

------=0.T3

D
246.87
L50  .62

---96:E

7  59  . 95
640  . 50

-rI9.T5

L224.93
7  55  .77

-----FSg:te

29.46
35 .75

-------:6.Tq

D
L57 .35
2s6 .8L

-----:99.T6

437.44
897  .  18

---:6q:74

L412 .67
994 .05

---tTStTT

36 .69
35 .25

- -----TV4

ltM
}IM

LM
LM

E
E

S
S

op
pre-  oP

d i f f

oP
Pre-  oP

d i f f

oP
pre-  oP

d i f f

oP
Pre -  oP

d i f f

A
77 .06
65 .79

HM
HM

LM
LM

E
E
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Appendix F. Continued

DENSITIES AT SONGS AND CONTROL BY

Tota l  meroplankton

CONTROL

BLOCK AND DEPTH

I
I
I

I

I
t
I
I

s
S

HM
HM

LM
LM

E
E

oP
Pre -oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre -  oP

d i f f

oP
Pre-  oP

d i f f

op
P r e - o P

d i f f

oP
P r e - o P

d i f f

oP
Pre-  oP

d i f f

oP
P r e -  o P

d i f f

A
4.26
2  .97

L .29

13 .33
13 .34

-----:T:62

0.00
0 .00

-0.00

11.  02
3 .71

--f-T

B
6 .38
8 .42

-------:z:o4

18 .81
40 .07

--_:TT:75

s3.26
36.13

---T7. 
T3

r0 .  18
18 .31

-E:13

meroplankton

SONGS

B
LL .72

6 .92
--------4.€-O

53 .50
24 .5L

-------T{:99

104 .69
52 .73

-5il96

L5.42
6 .L7

---9.75

D
11 .  13

8  . 67
--736

76.5L
43 .22

-------33 
.T9

85.31
82 .  30

,--Tm

2.3L
2 .22

------T-.09

D
12.38

7  .55
------rEs

84.  05
3L .2s

--52:TO

L7T.64
48 .60

--123t3

6 .88
L .7  9

-------5.T9

s
s

HM
HM

LM
LM

E
E

I
I
I
I
I
I
I
I
I
I
I

To ta I

A
7  . 28
s.51

---T77

28.33
2L .55

-------6:78

0.00
0 .00

-----T.m

6 .76
3 .97

-----739
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APPENDIX G. CONVERSION OF PERCENT REI-ATIVE CHANGE INTO FACTORS OF
CHANGE.

% DECREASE

-tA%o

-20%b

-30Vo

-40Vo

-5IVo

-60%

-7UVo

-807o

-9IVo

% INCREASE

llVo

257o

43Vo

677o

L00Vo

150Vo

233%

400Vo

900Vo

FACTOR OF CHANGE

1..1

L.3

L.4

t.7

2.0

2.5

3.3

5.0

10.0
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APPENDIX H.

For each taxon listed below (which are discussed in the text of the report), we
present the following: the detailed iesults of the BACIP test, a figure of the survey-
by-survey deltas, anda figure ofthe survey-by-survey data.

Evadne spiniftra...

Total meroplankton.............

Cirriped nauplii

Page No.

H-2

H-6

H-10

H-14

H-18

H-22

H-26

H-27

Sphonautes larvae

Unid. meroplankton larvae

Total holoplankton
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SUMI.,IARY OF BACI TEST

Evadne nordmanni

H-2

t
I
I

TRANSFORMATION

LOG (X+0 .01
LoG(X+0. f )
Loc  (X+0 )
LoG (X+ 1)
Loc  (X+ 10  )
LOG (X+ 100 )

OB SERVATI ONS I ADDITIVITY
BEFOREIAFTERI P-LEVEL

0 22
22
2Z
22
22
z2

30
29
30
30
30

0.  148
0"580
o .260
0 .  130
o .026

NUMBER OF I TEST FOR TEST FOR
SERIAL

CORRELATION

0.05 0 .81

TRENDS TEST I
P-LEVEL I

BEFOREI AFTERI

P
P
P
p

. P
p

0.0s
0.0s
0.05
0.0s
0.05

0.981
0 .827
0 .901
0 .  9s3
0 .922

0 .078
0 .083
0 .069
o .L29
4 .204

I
I
I
I

TRANSFOR},IATION

LOc(X+0 .01
LoG (X+0 .  1 )
Loc  (X+0 )
Loc  (X+ 1)
LOG (X+ 10 )
LoG (X+ 100 )

GEOMETRIC
BEFORE I

soNcs I coNTRoL I

LZ  .59

I
I PERCENT

57  .9
68 .  t
80 .  I
66 .3
42 .0

9 .0

SIGNIFICANCE I
TESTS

r lz

MEANS
AFTER

soNcs I CoNTROLI Cr{ANcE

L4 .7  6
L2.82
14 .  19
L4 .42
20 .38
33 .07

t6  .4s
19 .43
t9 .o4
27 .07
45.83

20.24
19 .31
24  .55
37 .85
66 .30

15 .39
14 .  68
18 .  96
31 .13
57 .Ls

0 .  160
0 .L22
0 .  108
0 .  131
0 .5 ls

0 .058
0 .037
0 .060
0 .  101
o .L27
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I
T
I
I
I
T
I
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SUMI"IARY OF BACI TEST

Evadne spinifera

I oBSERVATTONSIADDTTTVTTYI SERTAL I P-LEVEL i
TRANSFORMATTON I BEFORE I AFTERI p-LEVEL I CORRELATTON I BEFORE I AFTERi

LOG (X+0 .01 I . 7
LoG(X+0 .1 )
Loc  (X+0  )
LOc  (X+  1 )
Loc  (X+  10  )
LoG (X+  r00  )

26
26
25
26
26
26

15
T2
I5
15
15

0 .231
0 .226
0 .043
0 .000
0 .000

>  0 .05
>  0 .05
>  0 .05
>  0 .05
>  0 .05
>  0 .05

05
0.253
o .242
0 .  184
0 .076
0 .024

0.0s1
o.L67
0.  r14
0.070
0.071

P
P
P
P
P
P

I
I
I
I

GEOMETRIC
BEFORE I

soNGS I CONTROL I

MEANS I
AFTER I PERCENT

soNcs I coNTRoLl cltANGE

STGNTFICANCE I
TESTS I

r Iz lTRANSFORMATION

X+0 .01
LoG(X+0.1 )
LOG (X+0 )
Loc  (x+  1 )
Loc (X+ 10 )
LoG (X+ 100 )

5 .L2
5 .85
6.s2
7 .7L

LL .67
15 .87

7 .62
8 .45

10 .01
17 .30
30 .  19

0 .98
1 .  60
3.  r0
2 .89
s.63
9.23

4.
4  .43
7  .32
6  .05

10  .49
L7 .74

-51 .3
-45 .2
-  30 .4

-3 .9
4 .2

0 .023
0 .059
0 .  178
0 .267
0 .849
0 .608

0 .
0.034
o.072
0.  148
0.  s25
0 .598

I
I
I
I
I
I
I
I
I
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SUMI.,IARY OF BACI TEST

To ta l  merop lank ton

H-1 0

TRANSFORI'.IATION

LoG(X+0 .1 )
LOG (X+0  )
LOc  (X+  1 )
Loc  (X+  10  )
LoG (X+  100  )

TEST FOR I  TEST FOR
ADDITIVITYI SERIAL

P-LEVEL I CORRELATION

23 |  0 .e27  |
23  |  0 .927
23  |  0 .926
23  I  0 .  e18
23  |  0 .932

TRENDS TEST I
P-LEVEL I

BEFOREI AFTERI

p >  0 .0s  10 .826  |  O .22L l
p  >  0 .05  10 .826  |  0 .2211
p  >  0 .05  10 .826  |  0 .22L1
p  >  0 .0s  10 .828  |  0 .2241
p  >  0 .05  I  0 .849  |  0 .245  |

NUMBER OF

I
I
I

OBSERVATIONS
BEFORE I AFTER

18
IB
18
18
18

I
I
I
I

TRANSFORMATION

GEOMETRIC
BEFoRE I

soNcs I coNTRoL I

MEANS I
AFTER I PERCENT

SIGNIFICANCE I
TESTS I

r lz lsoNcsl  coNTRoLl cHANcE

LOG(x+0.1)  l l s8 .e6 l  2o2.8g i t r+ .g+ i  245.32 i  O: .s  i  O.OSZiO.OtrZ i
LOc(x+0)  1 Is8 .931  202 .8s1314 .90 i  24s .30 t  63 .8  iO .O:Z iO.Ot rZ
Loc(x+1) l tse.24l  203.23 isrs .  so i  245.sot  53.  s  i  o .  ogz io .oqz
Loc(x+10)  1161.S11 206.331318.7e i  247.24t  60.s  i  O.OsSiO.O++
LoG(x+100  )  |  176 .311  223  .73  |  343 .38  i  2s8 .  s0  |  44 .9  i  O .Ozg  iO .  ozg

I
I
I
t
t
I
I
I
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SUMMARY OF BACI TEST

Cir r iped naupl i i

H-1 4

NUMBER OF I TEST FOR I TEST FOR
OBSERVATIONSIADDITIVITYI  SERIAL
BEFOREIAFTERI P-LEVEL I CORRELATION

TRENDS TEST
P-LEVEL

BEFOREI AFTER

|  0 .  ss1 0.7
I
I
I

TRANSFORMATION

X + 0 . 0 1
L O G ( X + 0 . 1 )
Loc(X+0)
Loc  (X+ t  )
Loc  (x+  10  )
LoG (X+ 100 )

1 o .32
0.335
o  .326
0 .255
0 .018
0 .000

P
P
P
p
P
P

0.0s
0 .05
0 .05
0 .05
0 .  05

|  0 .  s34
|  0.  ss4
10 .47  2
Io .s27
|  0 .738

0 .872
0 .  738
0 .  811
o  .549
o  .4L4

19
I9
19
19
19

23
23
23
23
23

I
I
I
I

I
I

TRANSFORMATTON I

LOG(X+0 .0
LOG (X+0 .  1 . )
LoG (X+  0  )
LOc  (X+  1 )
Loc  (X+  10  )
LoG (X+  100  )

GEOMETRIC
BEFORE I

soNcs I CoNTROL I

MEANS I  I  SrcNrFrcANcEl
AFTER IPERCENTI TESTS I

soNGSlCoNTROL l  CHANGEI  T  I  Z  I

10.08
L0 .29
10 .05
11 .40
L4  .99
22 .42

10 .00
9 .  B6

10  .81
L3 .26
L6  .45

s .59
5 .78
5  . 57
5  . 77
9 .36

I I .  93

2.55
2  .34
3 .36
5 .31
7  .O9

l l s  .4
133.8

69 .7
L7  . 7
-0 .6

0 .054
0 .055
0.054
0 .067
0 .237
0 .  900

0 .081
0 .  111
0 .081
0 .086
o .324
0 .5 r3

I
I
I
I
I
I
I
I
I
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SUMI"IARY OF BACI TEST

Cyphonautes larvae

H - 1 8

I
I
t

I
I

TRANSFORMATION I

LOc (X+0 .01
LoG(X+0 .1 )
LOG (X+  0  )
Loc  (X+  1 )
Loc (X+ 10 )
LoG (X+ 100 )

NUMBER OF
OBSERVATIONS
BEFORE I AFTER

TEST FOR
ADDITIVITY

P-LEVEL

0.
0 .159
0 .159
0 ,  157
0 .  118
0 .012

TEST FOR
SERIAL

CORRELATION

TRENDS TEST I
P-LEVEL I

BEFoREI AFTERI

o.942
0 .940
0 .942
0 .925
0 .833
0 .613

31
31
31
31
31

23
23
23
23
23
23

p

P
P
P
P
P

0.05
0 .05
0 .05
0 .05
0 .05

0 .L47
0 .L47
o .L47
0 .  148
0 .161
0 .229

t
t

I BEFoRE I
TRANSFORMATIONI SONGS I CONTROLI

I  cE0METRTCMEANS
AFTER

SONGS I CONTROL

I STGNIFICANCE
PERCENTI TESTS

CHANGEI T I Z

LoG(X+0.01) 60 .59
6A  .64
60  . 59
6L .04
64 .L4
73 .70

70 .12
70 .19
70 .L2
70 .  B8
75 .88
92 .46

83 .68
83.  s9
84  .43
90 .50

LL3 .97

37 .8
37 .8
37  . 8
38  . 0
37  . 9
25  . 6

0.202
0 .201
0 .202
0 .  188
0 .  119
0 .028

0 .097  |
0 .0e7  I
0 .097  I
0 .093  I
0 .059  |
0 .012  |

83 .60  |  70.zL l
7O.261
70 .z l - l
7O.721
7  4  .441
88 .7e  I

I
I

LOG(X+0. r . )
Loc  (X+0 )
L O G  ( X +  1 )
Loc (x+  10  )
LoG (X+ 100 )

I
I
I
I
I
I
I
I
I
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SUMMARY OF BACI TEST

Unid.  meroplankton larvae

TRANSFORMATION

NUMBER OF I TEST FOR
oBSERVATIONS I ADDTTTVTTY
BEFOREIAFTERI  P -LEVEL

TEST FOR
SERIAL

CORRELATION

TRENDS TEST
P-LEVEL

BEFOREI AFTER

LoG (X+0 .01 ) 19 23
23
23
23
23
23

19
I9
19
19
19

0 .759
0 .759
0 .759
4 .763
0 .798
4 .952

P
p

P
P
P
P

0.05
0 .05
0 .0s
0 .05
0 .05
0 .05

0 .847
o  .847
0 .847
0 .848
0 .853
0 .861

0 .313
0 .313
0 .313
0 .314
0 .326
0 .372

LOG (X+0 .  1 )
LOc  (X+0  )
LOc  (X+  1 )
Loc  (X+  I0  )
LoG (X+  100  )

I
I

TRANSFORI"TATT0N I

GEOMETRIC MEANS I
BEFORE I AFTER IPERCENT

soNGS I CONTROL I SONGS I CONTROL I CtrANcE

SIGNIFICANCE I
TESTS

r lz
LOG (X+0 .01 ) s2.s1|

52 .54  |
s2.soI
s2.eoI
ss.73 |
6s.8s I

L64 .27
L64  . 32
L64 .27
L64  . 7  s
L68 .74
L93 .92

134 .  l _0  |
134.  13
134 .  10
L34 .43
L36 .96
148  .35

LOc  (X+0  .  1 )
LOc  (x+0  )
LOc (X+ I  )
LOG (X+  t0  )
LoG (X+  100  )

7 t . 94
7L .98
7L .94
72 .35
75 .25
85 .46

67 .8  |  0 .070  t0 .0s8  |
67  . 7  |  0 . 070  |  0 .058
67  . 8  |  0 . 070  |  0 .058
56 .6  |  0 . 07110 .058
57.8  I  0 .080 t0 .073
32 .3  |  0 .096 t0 .095
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SUMI'IARY OF BACI TEST

To ta l  ho lop lank ton

H-26

NUMBER OF I TEST FOR I TEST FOR I TRENDS TEST T

TRANSFORMATION
OB SERVATIONS I ADDITIVITY
BEFOREIAFTERI P-LEVEL

SERTAL I P-LEVEL I
CoRRELATTONI BEFOREI AFTERI

LoG(X+0 .0 f ) 18 23
23
23
23
z3
23

1B
IB
18
18
I8

0.  180
0 .  180
0 .  180
0 .181
0 .  182
0 .191

>  0 .05
>  0 .05
>  0 .05
>  0 .05
>  0 .05
>  0 .05

a .99A
0.990
0 .990
0 ,989
0 .989
0 .982

0  .7  451
o.745
0.745
o.745
o.745
4.744

P
P
P
P
P
P

LoG (X+0  .  1 )
LOc  (X+0  )
LOG (X+  1 )
LOG (X+  10  )
LoG (X+  100  )

I BEFORE I
TRANSFORMATToNI SONGS I CoNTROLI

I srcNIFrcANcE I
PERCENTI TESTS I

clrANcEl T I z I

GEOMETRIC MEANS I
AFTER I

soNGS I CONTROL I

LoG (X+0  .  01 ) 336s.  s
336s.5
3365.5
336s .9
3369 .3
340L .2

33L6 .79
3316 .81
33 t6 .79
3317 .01
3318 .96
3337 .s9

400  1
400  1
400  I

400L.2
4002 .9
4020  .3

LOc  (X+0  .  1 )
LOc  (X+0  )
LOc  (X+  1 )
Loc (X+ 10 )
LOG (X+  r00  )

3800.35 1  f f i
3800.371  3 .8  |  0 .81210 .783
3800 .35  1  3 .8  |  0 .81210 .783
3800 .s4 t  3 .7  |  0 .812 t0 .783
3802 .  18  |  3 .7  |  0 . 814  |  0 .783
3818.141  3 .2  |  0 .83110 .783
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SUMMARY OF BACI TEST

Chlorophyl l

TRANSFORMATION

NUMBER 0F I TEST FOR I TEST FOR
OBSERVATIONSIADDITIVITYI SERIAL
BEFoRE I AFTERI P-LEVEL I CORRELATTON

TRENDS TEST I
P-LEVEL I

BEFoREI ATTERII
I
I

LoG(X+0 .01 )
LoG (X+0.  1 )
Loc  (X+0 )
LOc (X+  1 )
Loc (X+ 10 )
LOG (X+ 100 )

z5
25
25
z5
25
25

15
15
15
15
15
15

0.899
0 .927
0 .894
0 .  s85
0 .403
0 .  116

>  0 .05
>  0 .05
>  0 .05
>  0 .05
>  0 .05
>  0 .05

P
P
P
p

P
p

0 .181  |  0 .9951
0 .L77  |  0 .999
0 .  181  I  4 .994
0.  r70  |  0 .944
0 .285  |  O .77L
0.426  |  0 .584

I
I
I

TRANSFORMATION
BEFORE I

soNcs I coNTRoL I soNcs I coNTRoLl cHANcE
AFTER

LoG(x+0,1)  I  1 .s71 1.3s1 2.6e1 l .es l  l -7 .4 j  o .+se i r .oooi
I -gc(x.g)  |  r .s2t  1.301 2.551 1.8s1 L7.4 |  o .47sio.gss i
Loc(x+1) .  |  1 .841 l .se l  3 .421 2 .471 16.3  i  O. rs3 l0 .801 i
Loc(x+r0) .  |  2 .44 l  z .Le l  s .031 3 .611 8 .2  i  0 .s17 i0 .780 i
LoG(x+r00)  |  2 .791 2 .641 6 .111 4 .291 r .6  |  A .278 iO.SZ: i

GEOMETRIC MEANS I
I PERCENT

SIGNTFICANCE I
TESTS I

r lz l

I
I
I
I
I
I
t
I
I
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APPENDIX I. COMPARISON OF BACIP TEST RESULTS ON SAMPLES SORTED
BY CURRENT DIRECTION. Direction of change (disregarding alpha level of test result)
indicated by BACIP test (d=decrease, i=increasei?=not d'etermineA) on data from (1) all
surveys, (2) surveys on days ofupcoast currents and (3) upcoast currents.

Cirriped
nauplii

Qphanautes
larvae

Evadne
nordmanii

Evadne
spinifera

Oithona
plumifera

Podon
polyphemoides

Total
meroplankton

Unidentified
meroplankton

** p < 0.05
* 0.05< p <0.1"0

All dates

i*

i*

i*

d**

i

i

i * *

i * *

i:r

i * *

d

i * *

i*

i * ' i

di * *

Down Coast
(Non-plume)

i

d

d

d**

d

d

Up Coast
(Plume)
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APPENDIX J. TAXA WHICH DID NOT DECLINE BY 50Vo PERCENT. The P
values listed are associated with the test of the hypothesis that a 50Vo or greater
decline occurred.

Tu<a

Holoplankton

Calanus pactficus
Corycaeus anglicus
Evadne nordmanni
Oithona plumifera
Penillia wirostris
Podon polyphemoides
Saggitta euneritica
Unid. holoplankton

Total holoplankton

Meroplankton

Cirriped cypris
Cirriped nauplii
Qphopnautes larvae
Unid. meroplankton

Total meroplankton

Total zooplankton

P>t

0.09
0.10
0.001

<0.001
0.001
0.005
0.006
0.001

<0.001

0.004
<0.001
< 0.001
<0.001

< 0.001

<0.001
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APPENDIX K. CALCUI-ATION OF INTAKE LOSS OF
MICROZOOPLANKTON.

From Strickland (1967) there 5.9 mg of microzooplankton/m3 in nearshore waters.
To obtain the dry weight from the measure of carbon (A Barnett, pers comm.) we
multiply the cqrbon by two and divide by.9. Thus, there are 5.9 x2/.9 = 13.1 mg
Ory w'eiltrt /mr.

This value is multiplied by the 4umber of rq3 wjthdrawn by Qpits 2 and,3 per year
(at,75Vo pumping). 13.1, ing/mr x2.48 x 10v mr = 3.25 x iOru mg/year oi 32:500
Rg/year.

To get wet weight, multiply dry weight by 10. So loss per year is325 metric tons.
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APPENDIX L. COMMENTS ON DIFFERENCES BETWEEN THE MRC AND
MEC FINAL PT-ANKTON REPORT

As expected, there is a great degree of agreement between the MEC Final
Report and fhis (MRC) report"regardirig the ovirall results and conclusions of the
zooplankton program. However, because data, in some instances, were analyzed in
diffi:rent ry?y-s, s6me of the tabulated results differ between the two reporti. The
following discusses the major differences.

1. BACIP analyses were central to both reports. MEC reported one
significant_abundance change (cirriped nauplii) while we report fouf additional
g{qn_ggq._ O,n" q! the additio"nal'resuits the MRC reports is of i taxon not tested by
MEC (Unidentified Meroplankton). Two others (cyphonautes larvae and nvadn6
n_o_rdmanni) result from the MRC reporting the result of a non-parametric test
(Mann-Whitirey U) not reported by MEe. The final differ6nce (nvadne
spinifera) irises from the MRC reirorting the alpha level of the test aisociated
with the transformation log (x+0.1) inslead oT that associated with log x reported by
IUEC (this latter transforirition also displayed a p value less than"0.l aisociated
with a Mann-Whitney U test).

2. The size of the relative change in the abundance of cirriped nauplii is
reported as -0.1,Vo in the MEC reporiand >l00Vo in the MRC ieport. 

^ 
This

difference arises from different metliods of calculating the percent relati.'ve change.
The MRC back-transforms the los of the difference of the mean deltas (see Results
section above for description andlationale). Instead of using geometrii means like
t!" VIBC, MFC applied the arithmetic means of the BefdrE, After, Impact and
Control abundances to estimate the size of the change. (Their method is riescribed
in Section 3 of their Final Report.) We feel that thii method is less desirable
because those samples in which abundances are high will influence the estimate of
relative change much more than samples with low abundances.

3. There are differences between the two reports regarding the analysis of
$istri-butional patterns. As described in the Fish la:rvae Relort, Appendix L, the
MRC rejected the MEC approach (the use of a MANbVA olri the ranked
abundance^s aur_ong blocks and strata). We feel that this approach is not appropriate
to testin_g for Plant effects. The meln rankings of the blbbk/stratum corirbinl.tions
at the Impact site in the After period ard compared to' those resulting from
gorybiry5rg- the rankings from' the After/C6ntrol, Before/Controf and
Bg{org/IlnPact transects. 

-By 
making this compaiison, plant effects 

'are 
confounded

with both-location and period efficts. A iecond'problem with the use of a
MANOVAs.is the selectidn of the appropriate transformation (MEC chose a rank
transformation). A third difficulry ls in interpretation. Once a difference is
detected with MANovA it is oft6n difficult t6 determine which block/stratum
combinations are responsible.

For these reasons, the MRC chose to test a simpler hypothesis regarding
distributional changes. We tested for changes in cross-shelf dir&tion only Ind did
so by testing for changes in the proportionsbf the cross-shelf abundances iound the
in the offshore blocks-as describbd in the text.
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4. Finally, MEC presents a table of mean abundances of the various tara for
both periods and'both locations (Table 4-8, MEC Final Report)). The values in this
table are different from those presented in Appendix F of the MRC report. The
MRC values are averaged over all After and Before surveys, the MEC values are
averaged over only those surveys on which the ta:ron was found at either one
location or another
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APPENDIX M. DATABASES. The data on which this report are based are stored
in the following databases:

SONGS power and pumping records are stored in DBSONGS

Longshore current records are stored in DBUW

Zooplankton data are stored in DBMACZP

Chlorophyll data are stored in DBWATER

The programs used in analysis are stored (under the Appendix,Table or Figure title)
on the MRC Report Disk.
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