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PROLOGUE

During the period from April, t972 to April, 1975, I was ernployed in

a temporary position as a marine biologist by the Electricity Trust of

South Australia. I conducted research on tv,/o matters of concern to the

Electricity Trust : the control of fouling by sessile aninals in the

cooling water ducts of the Torrens Island Power Station and the

ecological effects of thermal effluent fron the power station on the

surrounding areas. The Electricity Trust agreed to the proposal that the

results obtained duríng these studies may be used in the preparation of a

thesis for the degree of Master of Science. This thesis is tl¡e result.
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SUMMARY

Experiments were conducted to cletermine the effect of dosing seawater

r^Jith chlorine on rates of settlement of sessile anima.l s, with the aim of

finding the optimum dose to prevent fouling in the cooling water ducts of

the Torrens Island Power Station. Frosted glass plates were exposed in

troughs containing running seawater. Six troughs were dosed with

chlorine, five continuously and one internittently, while two troughs were

controls. Rates of settlement of fouling organisms on the plates were

exarnined. The results showed that chtorine was effective in reducing

rates of settlement. 0f particular interest from the practical viewpoint

was the fact that a 1ow continuous dose of chlorine (0.2 ppm) was more

effective in ninimizing fouling than a higher dose (6 ppm) applied

intermittently (10 minutes every 4 hours). Not only were rates of

settlement lower but in addition, those animals which did settle in the

troughs receiving the con'Linuous dose were stunted in growth wltíle those

that settled in the trough receiving the intermittent dose grew normally.

The effect of the thernal effluent on epifauna of the Torrens

Island area was examined by placing gtass plates, held in specially

constïucted brass frames, at six different locations. A regular series

of observations on plates exposed for two, fouï and eight weeks were made.

Animals plesent on the plates were counted and the weights of grol'vth

neasured. From the data on weights of growth, it was concluded that the

thermal effluent had little cffect on the total production of the

epifauna. However, colisiderable differences in weights of growth were

observed at two adjacent locations in the cooler water, one in turbulent

water and the othel in still wateï. Þfuch greater weights of grot*th were

found on plates from the turbulent r,{ater where three species were very

abundant, apparently favoured by the greateÎ curTent speeds.
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Amongst the other species present, a variety of effects of the

warmed water on distribution and abundance were noted. Several species

showed seasonal differences in occurrence, settlement being found in

spring in areas influenced by the warmer water and during srünmer in other

areas. Some species were favoured by the warmed water, some were littte

affected in abundance, while others were adversely affected. When the

positive effects of the thermal effluent were balanced against the

negative effects, there was little evidence of any damage to the epifauna

caused by the thermal effluent.
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SECTION A. THE CONTROL OF FOULING IN THE COOLING WATER SYSTEM ,.,, :,.II

1. Introduction

At the Torrens Island Power Station, electrical power is produced

fron the combustion of natural gas. ll'he gas is used as a fuer to heat

water in the boiler, resulting in the production of stean of high

tenperature and pressure. This steam is used to run the turbines and

electricity is produced. The water which is supplied to the boiler must

be of very hj-gh purity, in order to ninimize the corrosion that eventuates

at high temperature and pressure. Thus, it is necessary to condense the

steam which has passed through the turbine and return the water to the

boiler. This is achieved by using a rarge volume of seawater as a

coolant. However, one continuing difficulty has been experienced, namely,

the fouling of the cooling hrater system by sessile organisms.

1.L The cooling vJater system

At the tine of this study, the Torrens Island Power Station conprised

four generating units, each with a generating capacity of L20 megawatts

(l{W). These four units require in aggreg ate 22 
^37s 

of seawater for

cooling. At fuII load, the cooling water removes from the condensers a

heat flux equivalent to 690 MW. In doing so, the water is raised in

temperature by 7.8oC.

At present, construction of a second stagerrBr section, of the power

station is in progress. Ultimately, rBf section will conprise four units,

each with a capacity of 200 MW. The first unit of this section commenced

operation early in 1976.

Each unit of rAt section has its own cooling systen. The heat

exchange surface in the condenser is provided by 10 000 aluminj-urn brass

tubes, each ó m long of 25.4 mm O.D. and 18 S.W.G. thick. The coolant

flows through the tubes. The exhaust steam from the turbine flows around

the tubes where it is condensed. The condensate is collected and



2.

recycled to the boiler.

Each cooling water system is operated by two pumps which are housed

separately in concrete-1i¡red chanbers. The outlets fron the two pumps

lead into a single concrete-lined cluct (1.98 n high x 1.8S n wide).

Seawater is drawn from the North Arm of the Port Adelaide River through

coarse wire screens (nesh size about 1 cn) into the punp chanbers and

thence, into the duct. The screens prevent material, which might block

the condenser tubes, from entering. After passing through the condenser,

the water is discharged into Angas Inlet, which has been separated fron

the North Arm by the construction of a causer{ay across its western end

(see Section B fig. 1.1). This prevents the warned water from returning

in¡nediately to the cooling water intakes.

Fouling of the ducts may interfere with the operation of the power

station in two ways:

(a) If the greater part of the duct surface vrere to be covered by

sessile animals, the flow of cooling r^rater would be impaired. However,

fouling in the ducts of the Torrens Island Power Station has not reached

this level.

(b) Shells or clusters of shells rnay be swept from the walls of the

concrete ducts and elsewhere by the flowing water and, if they are

sufficiently large, they block the condenser at the inlet or lodge

themselves somewhere inside the tubes. If enough shells block the inlets

of tubes, heat transfer is impaired and the condensers nust be cleaned.

When a shell lodges inside a tube, turbulence in the wake of the

obstruction scours the tube metal to the point of perforating the tube.

This is a serious problen as the condensate, which nust be of high purity,

becones contaminated.

7.2 The fouling fauna

The following account of the fouling fauna is based on the inspection

of two ducts, one examined in April and the other in November, L972. Each

duct had been cleaned one year before the inspection. Each of the 120 Ml\r
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units is taken off load annually for a survey. During this period the

duct is cleaned by hand scraping.

The predoninant animal present was a serpulid Hgdroides norvegica

Gunnerus which formed dense patches in places on the walls. These

patches were of greatest extent in the vicinity of bends in the ducts

(fig. 1.1). The patch on the lee side of a bend was always the larger,
2

up to L0 m- in area and 7-8 crn thick. Scattered anongst the Hgdroides

were speci¡nens of the Port Melbourne mussel MgtiTus planulatus Lamarck,

nost 3-5 cm in length. The number of nussels were relatively snal1.

They were restricted to the patches of ngdroìdes and hrere, on average,

about 50 cn apart. Also present were barnacles Bal-anus amphitrite

Darwin and sone oysters ostrea angasi Sowerby, which together covered

about 5-I09o of the remaining surface area. They were scattered over the

surface though tending to congregate along the corners of the ducts and

around any irregurarities on the concrete surface. rn the duct

exanined in Novernber, 1972, patches of a sna1l mussel l,IodioTus inconstans

Dunker were present on the floor.

0f the organisms growing in the ducts, the Port Melbourne musseL was

considered to be the nost troublesome. Although its numbers were

comparatively smaI1, it can achieve the necessary size and shape to block

condenser tubes. The right valve of a dead oyster could also block a tube

if it became detached. Hgdroides and Modiolus woutd only cause concern

if whole cltunps were torn fron the walls.

1.3 Control of the fouling faun

At the Torrens Island Power Station, attempts are made to control

fouling by dosing the cooling water with chlorine. chlorination is

effected just before the inlets of the cooling water pumps. originally,

at intervals of four hours, each duct was dosed for ten minutes with

chlorine at the rate cf six parts per million (ppn) by weight. However,

since the fouling fauna previously described settled and grew despite

chlorination, t,he dosing schedule was clearly not hrholly successful.
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Accordingly, experiments v,rere desígned to find a dosing schedule which

would provide better control. These experinents are described in

section 2 and the results presented in section 3. Later, the Electricity

Trust modified the dosing schedule, first by reducing the dose to 4 ppm

and later (in August, t974), by dosing every two hours at a rate of 2 ppm.

The original schedule of dosing enployed at Torrens Island was

recommended by the conpany of Wallace and Tiernan (Pulham, C.J., date of

publication not known). The conpany asserts that properly spaced

intermittent treatments were more economical than continuous treatment and

were completely satisfactory. Using this nethod, most larvae that settle

in the ducts should be killed before they complete metanorphosis.

However, the company recognizes that some larvae wíl1 arrive in an advanced

stage of development and will conplete metamorphosis almost immediately.

Hence, a distinction is drawn between conplete prevention of fouling and a

substantial reduction. Where fouling must be conpletely prevented,

continuous chlorination during the fouling season must be used (Dobson,

1s46) .

Clapp (1950) reported that continuous chlorination at rates of 0.25

and 0.5 ppn resulted in a complete ki1l of the mussel BtachgdonÊes exustus.

Anderson and Richards (1966) investigated the effect of chlorination on

settlement of sessile animals. They found that continuous chlorination

at a rate of 0.25 ppm was completely effective in preventing survival of

any fouling r:rrganisms present.

These studies were carried out in the United States of Anerica.

Studies in Great Britain have produced sinilar results. For example,

James (1967) and Holnes (1970) reported that chlorination at low levels

was effective in preventing fouling by mussels (ugtilus eduJis).

In regard to Torrens Island, it seenccl likely that the lack of

conplete success in controlling fouling by chlorination could be attributed

to the intermittent dosing schedule. Differences in species involved and
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and differences in water temperatures may also be involved. Experiments

were designed to compare the effects of continuous doses of chlorine and

an interrnittent dose on the settlement and growth of fouling organisrns.
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2. Materials and methods

The apparatus provided consisted of eight polyvinyl chloride troughs.

Fig. 2.1 shows a diagram of a trough. Seawater from the North Arrn was

pum¡red to the troughs through a galvanized pipe. Pipework from the

offshoots of the main pipe to the troughs consisted of polyvinyl chloride.

The rate of flow of water in each trough could be adjusted separately.

Two of the troughs were used as controls, while the renainder were

fitted with apparatus to add chlorine to the r,rater before it entered the

trough. The chlorinating apparatus was a series 70-t7L0 solution feed gas

dispenser system manufactured by Fischer and Porter (0. Warminster,

Pennsylvania, U.S.A.). The apparatus incorporates a nultiple-point

chlorination systen which allows the supply of chlorine to each trough to

be regulated individually by the use of flow meters. Five of the neters

could supply chlorine at the rate of 0-3 1b./day while the other was

calibrated over the range 0-10 lb./day. The flow of water through each

trough was adjusted to a rate of 35 gallons per ninute. At this rate of

flow 0.5 lb. /day of chloríne added continuously to the hlater corresponded

to a dose of 1.0 ppm by weight. Chlorine obtained fron I.C.I. Ltd.,

Adelaide, was fed fron 150 lb. cylinders.

Five continuous doses were chosen, 0.2,0.4r 0.8, 1.5 and 3.0 ppm

and one internittent dose corresponding to the schedule of dosing enployed

in the ducts at that time, that is, 6 pprn applied eveTy four hours for a

period of ten minutes. The internittent dose had to be applied nanually,

by turning the flow neter on, adjusting it to the correct level and then

turning it off after ten minutes. After-hours and at weekends, staff

operating the power station Ì{ere entïusted with 'lhe task of manual dosing

and also of checking the flow sreters supplying the continuously dosed

troughs. They recorded their activities on log sheets.

Periodically, the residual concentrations of chlorine in the water of
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the troughs were checked. For the two lowest doses a BDH Nessleriser

was used. 22 nI of O-tolidine reagent was placed in a standard tube which

was then filled with chlorinated wateï to a leve1 narked on the tube.

O-tolidine turns ye11ow in the presence of chlorine. The intensity of

the colour hias compared with a series of standards (obtained on a disc

No. NCAB). Estination of the chlorine residuals from the higher doses

also used a colorimetric nethod. A BDH comparator with a disc No. 3/40 B

was used with DPD No. 4 tablets as the reagent. These tablets dissolve

in the water and produce a mauve colour in the presence of chlorine.

Water for these deterninations was taken as it flowed over the

V-notch. The average tine of passage of water fron the point of

chlorination and through the rroughs was about thirty seconds. It was

found that the chlorine residuals varied little with time and were just

below the levels set on the flow meters, as shown in the following table:

Flowneter level (ppn) Observed residual (ppn)

0.2 0.I - 0.2

0.4 0.3 - 0.4

0.8 0.6 - 0.8

1.5 1.0 - L.5

3.0 2.5 - 3.0

6.0 4.0

Frosted glass plates, 10 cn x 8 cm, rr/ere suspended in all of the troughs

for set periods of time. During the early parts of the experinents, some

concrete-asbestos plates were also used. After the period of exposure,

the plates wer:e removed from the water and examined using a binocular

microscope. All fouling animals adhering were counted.

The dry weights of growth on the plates were then determined. A

plate was washed hrith fresh water to remove excess salt and dried to a

constant weight in an oven mai-ntained at 100oC. The plate was then

weighed and heated in a furnace to 500oC. for L% hours and weighed again.
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The heat treatnent has the effect of burning off all of the organic

naterial. The plate was then cleaned in water by scrubbing with an old

toothbrush. It was then dried and reweighed to obtain the dry weight of

gror^¡th. Before reuse, the plates ü/ere soaked in dilute hydrochloric acid

to remove all fragments of calcium carbonate that might be left attached.

Weights of growth on concrete-asbestos plates could not be deterrnined,

since this substance is hygroscopic and the plates could not be dried to a

constant weight. Since concrete dissolves in hydrochloric acid, the

concrete-asbestos plates could not be reused. Their use in the experiments

was eventually abandoned.

Most observations were made on exposutes of two, four and eight weeks,

aLthough a few longer-telnt exposures Ì{ere also exarnined.
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3. Results

Over the period from January to October, 'J.g7S, a regular series of

observations hrere rnade, except in March (when I was i11).

S.L Weights of growth on the plates

Fig. 3.1 shows the dry weights of growth on two-week plates fron the

control troughs and the intermittently dosed trough. In this diagram,

the average ;:f the two control troughs is shown. The conplete results

are listed in appendix 1(a). The application of chlorine is clearly

effective in reducing the rate of fouling. In acldition, as might be

expected, the amount of growth would appear to be less over the winter

nonths than at other times.

In order to examine the relative effectiveness of the different doses

of chlorine, an analysis of variance was performed on the data fron the

chlorinated troughs (e.g. Sokal and Rohlf, 1969). It was felt advisable

to test the data for honoscedasticity. This was achieved by using the

F_^-_-test, described as a "quick and dirtyil method by Sokal and Rohlf.max

ln this case, the data were found to be homoscedastic (Frr*(6,15) = 2.8I).

The result of the analysis of variance are shown in table 5.1.

Differences in the weights of growth between treatments were just

statistically significant at the five per cent 1eveI. The treatments sum

of squares was then partitioned into two groups to allow the appropriate

a prìori comparisons to be nade (see Sokal and Rohlf, 1969). These

comparisons (see table 5.1) showed that the amount of growth on the plates

fron the intermittently dosed trough was greater than that on plates from

the continuously dosed troughs. However, amongst the continuous doses,

no pattern was evident. The arnount of growth was roughly the same in the

troughs receiving doses of 0.2 and 3.0 ppm continuously and greater than

that found in the other troughs. The analysis also confirmed that

seasonal differences were signì ficant.

Fig. 3.2 shows the weights of growth on four-week plates from the
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Table 5.1 surunary of the analysis of variance conducted on the data

on the weights of growth on two-week plates from the

chlorinated troughs.

Source of variation df SS MS PF
S

I

t,

j

I

ì

Treatments

Inter. v cont.

Amongst cont.

Tine

Renainder

5

1

4

15

75

176.59

69.77

106. B2

2772.49

1085. 58

33.52

69.77

26.71

184. B3

L4.45

2.44

4,83

1.85

12.79

0.025<P.0,05

0.025<P<0.05

N.S.

<<0.001

95 4032.66
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controls and two of the chlorinated troughs. The complete results are

listed in appendix 1(b) . An analysis of variance r^ras again applied to

the data from the chlorinated troughs. However, this tine heteroscedas-

ticity l,itas plesent (Fr"*(6,16) = L7.27, P <<0.01) but the problem was

solved by transforming the data to logarithms (Fnax(6,16) = 1.80). The

analysis of variance is summarized in table 3.2. Yatiation between

treatments was statistically significant and, once again, seasonal

differences were evident.

The treatment sum of squares was again partitioned to al1ow the

appropriate a ptÍori comparisons to be rnade. These showed that weights

of growth on plates from the intermittently dosed trough were signifi-

cantly greater than those on plates from the continuously dosed troughs.

Although differences amongst the continuously dosed troughs were

statistically significant, no cleaï patterns were eviclent. Thus, least

growth was present on ihe plates from the trough dosed at the rate of 0.4

ppïn.

Fron the results on the weights of growth, the following conclusions

would appear reasonable. Chlorine was effective in reducing the rate of

fouling, at least during the first four weeks of exposure. The intermit-

tent dose was less effective in inhibiting fouling than the continuou.s

doses. Amongst the continuous doses, no clear patterns were evident.

Seasonal differences were also observed, fouling being less severe during

the winter months.

It night be expected that longer exposures would exaggerate the

differences between the effects of the interrnittent dose and the continuous

doses. In addition, clear-cut differences amongst the continuous doses

might be revealed. Howeve¡', no data on weights of growth on longer term

plates were obtained, since all such observations r{ere rnade on concrete-

asbestos plates.
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Table 3.2 Sunmary of the analysis of variance conducted on the data

on the weights of growth on four-week plates from the

chlorinated troughs.

Source of variation df SS MS PF
s

Treatnents

Inter v cont.

Anongst cont.

Time

Renainder

5

L

4

L6

80

1.0742

0.3t7L

0.757t

6. 19s9

2.8293

0.2148

o.3171

0.1892

0.3872

0. 0354

6.07

8.96

5.3s

10. 95

<0.001

0. 01<P<.001

<0.001

<<0.001

101 10.0994
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3.2 Settlements on the plates

I shall consider first the following species:

(a) The serpulid ngdroid.es norvegica Gunnerus

(b) The barnacle Balanus amphÍtrjte Darwin

(c) The mud-nussel l4odioLus inconsÈans Dunker

(d) The oyster osttea angasí Sowerby

(e) An anernone tentatively identified Anthothoè albocíncta.

The first four of these species, together with the musseL MgtiTus

pTanulatus, are the corunonest fouling organisms in the ducts. The

ane¡none nay also be present, but is restricted to those areas of the duct

in which the water is conparatively still, e.g. manholes.

The results on the settlement rates of these five species on two-week

plates provided little infornation. All doses of chlorine would appear

to have reduced the rate of settlement. However, the rates of settlenent

were too low to provide any firn conclusions, although it would appear that

settlenents nay have been fewer in the troughs which received the higher

doses. The results are listed in appendix 2(a). I shall not consider

the results fron two-week plates further, except for the special case of

the serpulid Eu-Zaeospìra convexis (Wisely) (Section 3.5).

Fig. 5.3 shows the total numbers of the five species present on four-

week plates from the internittently dosed trough and the troughs dosed

continuously at rates of 0.2 and 0.4 ppn. Fig. 3.4 shows the data from

eight-week plates. The eight-week plates were of concrete-asbestos,

while the shorter te:rn plates were glass. The complete results are listed

in appendix 2(b) and 2(c). 0n eight-week plates fron the control troughs,

conpetition for space between the various species was c¡ften evident.

These species included several which were present in the control troughs

but were not found in the chlorinated troughs. The most conmon of these

were ascidians and the hydroid TubuTaria sp. They often snothered

Hgdroìdêsrbarnacles, mud-mussels and oysters. In addition, accumulation
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of rnud on the plates after the first two-weeks of exposure rnay have

inhibited any further settlenent of some of the sessile animals. Mud

accumulated far less readily in the chlorinated troughs, presumably

because chlorine killed bacteria which rnight settle on the plates and aid

in the accumulation of mud. Hence, for eight-week plates, comparison of

the numbers of the five more important foulers between the control troughs

and the chlorinated troughs r^rere not rneaningful. Thus, no data on

numbers present on eight-week control plates are listed in the appendix.

Competítion was also evident on four-week plates frorn the control troughs,

but was less severe.

The results would suggest that the higher doses of chlorine were

nore effective in reducing the settlement rate than the lower doses.

However, of greatest interest from a practical point of view is a

cornparison of the effects of the intermittent dose with the continuous

dose of 0.2 ppn. Analyses of variance for paired comparisons were

perforned on the data from both series of observations (Sokal and Rohlf,

1969). In those cases in which discrete periods of settlement are

observed, it would seem reasonable to consider each period separately,

since the effect of chlorine might be influenced by'seasonal factors,

such as temperature. Accordingly, whcn considering the results from

four-week plates, only the first five pairs of observations were

included in the analysis. Later rates of settlement were too low to

allow any further conclusíons.

The data were examined for hornoscedasticity by using the two-tailed

F-test for the hypothesis that the var:iance of two sanples are equal

(e.g. Sokal and Rohlf, 1969). In both cases, the data were

/'heteroscedastic (four-week ptates, F(4,4) = 24.48, 0.002<P<0.01;

eight-week plates, F(4,4) = 37.84, 0.002<P<0.01). Since the data

^^--ì-+^) ^C -E-,^-^Li- --^- --^--r:-r r-- r -!rlv¡lrrrLrJLl ul- L\Ju¡IL5r 6t 5qUc¿IC l.(JUL LI¿tltsl-UtlllALJ-Ulr l!i15 ¿PPII9U. Ill UULII

cases, this rendered the data houroscedastic (four-week plates, F(4,4) =

B.I2; ei.ght-week plates, F(4,4) = 4.51). The results of the analyses
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are shohrn in table 3.3. In both cases, the differences between the

effects of the two doses are significant at the 5eo level.

3.3 Settlenent and h of thc serpulid Hgdroides norvegica

Gunnerus

1'he nunbers of the serpuLid ngdroides norvegica present on four-

week and eight-week plates fron two of the chlorinated troughs are shown

in Figs. 5.5 and 3.6 respectively. The complete results are listed in

appendix 3. The analysis of variance for paired comparisons would have

been the appropriate statistical test for conrparing the effects of the

internittent dose with those of the continuous dose of 0.2 ppm. However,

for each series of observations, the data were heteroscedastic (four-week

Plates F(4,4) = 22.63, 0.01<P<0.02; eight-week plates F(4,4) = 726.4,

P<0.002) and remained so after transforrnation to square roots (four-week

plates F(4,4) = 25.07, .002< P<.01; eight-week plates F(4,4) = 29.59,

.002<P<.01) .

Hence, it is necessaïy to turn to a non-parametric nethod. However,

in both sets of data, there are only five pairs of observations. This

is too few to provide a significant difference when using a suitable

non-par¿Lmetric method, such as the Wilcoxon matched-pairs signed-ranks

test or the randomization test for matched-pairs (e.g. Siegel, 1956).

Since these non-parametric tests make no assurnptions of normality, this

difficulty can be overcone by arnalgamating the data fron four-week and

eight-week plates. The randt:,rn.l zation test for natched pairs yields a

probability of 0.0078 th¿rt the observed differences may be attributed to

chance. Thus, it may be concluded that the continuous dose was more

effective in inhibiri-ng the settlement of agdroides than the internitteì1t

dose.

In the intermittently dosed trough, Hgdroides grew normally in

cornparison with the controJ. troughs. They appeareci to be he¿ti ilry artci

the length of the tubes commonly reached five cm on eight-week plates "

However, in the troughs dosed continuously, aII Ugdroides present were



Table 5.3

Source of variation df

16.

Sunmary of analyses of variance on total numbers of five

species of sessíle aninals present on glass and concrete-

asbestos plates: analyses on data fron chlorinated

troughs only.

(a) Four-week glass plates: data transformed to square

roots. Data obtained over the period 8/2/73 - 2/5/73.

SS MS Fs P

Treatrnents

Time

Renainder

1

4

4

B. s37B

L2.9677

3.9957

8.5378

3.24L9

0. 9989

8.55

3.25

.025 <P<.05

N.S.

9 25.50L2

(b) Eight-week conc.rete-asbestos plates: data transformed

to square Toots. Data obtained over the period

8/2/73 - 2/s/73.

Source of variation df SS MS Fs P

Treatments

Tine

Remainder

33.74s7

7 4.382L

14.1833

s3.7457

18. 5955

1

4

4

9.52

5.24

. 025 <P<. 05

N.S.

I L22.51L1

3. 5458
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very thin and emaciated. In addition, the tube was very thin and

fragile and the dianeter of the tube hardly changed as the tube increased

in length I Hgdroides found on the plates from the continuously closed

troughs gave the appearance of thin threads of cotton.

In the control troughs, cornpound ascidians often spread over

specimens of ugdroides and thus smothered them. Frequently, the tubes

of ugdroides could be seen through the tests of the ascidians. These

tubes had apparently grown normally for a tine, but had then abruptly

changed their pattern of growth. After the point of discontinuity, the

she1l was extremely thin and fragile and the dianeter of the tube no

longer continued to increase. It seems likely that the point of

discontinuity in the pattern of growth corresponds to the stage of

growth at the time when the tube was covered by the ascidian. It would

be expected that a vrorm could put down the thin fragile she1l much faster

than its nornal shell. Thus, an obvious conclusion presents itself :

producing an abnormal thin shell is an evolutionary adaptation that gives

a l^¡orln a chance to escape when it ]ras been smothered. Presumably,

normal growth would recornmence when the aperture emerged from underneath

the ascidian.

From the descriptions above, it can be seen that the pattern of

growth of. agdroides found in the continuously dosed troughs is very

similar to that shown by a worm that has been smothered. The fact that

the worms are showing the same reaction to two rather different

circumstances may indicate that this reaction is a general response to an

unfavourable environment.

3.4 Presence of less conmon species

Barnacles (BaJanus amphitr.ite) , mud-rnussels (uodioJ"us inconstans) ,

oysters (ostrea angasi) and anemones (?Anthothoei'al-bocincta) were much

.i- +h^ +¡nr,æL,c +l-arr ú,.)-^: Ã^- 'T.L¡ n¡ac^nna nÇ +l'aca cñ/r^lr'¿,rrur'¿rr L.iru uruu$hs tlnan HgdTaides. The presence of these species cn

four-week and eight-week plates from the chlorinated trough-s is shown in

appendix 4.
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Barnacles were present in srna11 to moderate numbers. The higher

doses appear to have been more effective in inhibiting settlement than

the lower doses. However, peïusal of the data suggests that differences

between the dose of 0.2 ppm and the interrnittent clo-se are not

s ignificant .

Mud-nussels were restticted to the intermittently dosed trough ancl

the control troughs. The effects of the intermittent dose and the

continuous dose of 0.2 ppm were conpar:ed by amalgamating the data fron

four-week and eight-week plates and cc¡nducting a randomi zation test for
matched pairs. This yielded a probability that the differences r¡rere

due to chance of 0.0078. Hence, it can be concluded that the continuolrs

dose was more effective than the intermittent dose in inhibiting the

settlement of nud-mussels.

Anemones and oysters appealred too infrequently to allow any

conclusions to be made.

3.5 The serpulid EuLaeospira convexis (Wisely)

Fig. 3.7 shows tlìe settlement rate of Eulaeospira convexis on two-

week plates from the control troughs, while Fig. i.B shows the numbers

present on four-week plates from two of the chlorinated troughs, as well

as the controls. The complete results from two-week, four-week and

eight-week plates are listed ín appendix s. rt would appeer that the

rate of settlement on the plates in one of the contlol troughs was

consistently greater tlìan that in the other trough and statistical

analysis confirmed this. For both two-week and four-week plates, the

data were heteroscedastic (two-week plates F(15,15) = l-0.00, P<<0.002;

four-week plates F(15,15) = 16.83, P<<0.002) and could not be rendered

homoscedastic by transformation to scluare roots (two-week plates

F(15,L5) = 4.32, 0.002<P < 0.01; four-weel< plates F(15,15) = 3.00,

0,02<P< 0.05). Hence a non-Ìlaranetric method was used. After

analgamating the data, the Wilcoxon matchcd-pairs signed-rank test Ie.g.
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Siegel, 1956J yielded a highly significant result (n = 32, T = 71,

P <<0.005).

This dj"fference in settlement Tates may be explained in the

following way. In the two rnonths before the experiments commenced,

seawater had been flowing through the troughs. During this period,

some difficulties in the operation of the chlorinating equipment were

experienced and no results hrere obtained. Hence, by the time the

experiments ltlere ready to begin, there was a moderate fouling fauna in

the control troughs.

It has been found that some species of sessile animals are gregarious.

In those cases where the situation has been examined in detail, it has

been found that the larvae are abl-e to recognize established nernbers of

their own species by using chemical cues. They then settle preferentially

in the near vicinity of members of their own specíes. Such behaviour is

one mechanism which enables the larvae to settle in a location which is

favourable. Gregarious settling has been found in a variety of animals

including barnacles (Knight-Jones and Stevenson, 1950; Knight-Jones,

1953; Crisp and Meadows, 1.962, 1963), oysters (Bayne, L964a; Crisp,

7967; Hidu, 1969) and serpulids (Knight-Jones, 1951; Andrews and

Anderson, L962). Hence it was felt that the presence of a fouling

corununity in a trough nay affect the rates of settlement on plates

suspended in the trough, in comparison to settlements in a trough free

of such a community. Thus, at the start of the experiments, all of the

troughs, except one of the controls (trough 2), were cleaned as much as

possible by scraping the growth from the walls.

Eulaeospira settled in greater nunbers in the trough which

contained an established fouling fauna. It would seen unlikely that

gregarious behaviour could account for these results, since none of the

species examined showed sucli a pa*Ltern of settlcmcnt" In acldi*'ion, in

those cases where gregarious behaviour has been exanined in detail, it
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has been found that the larvae settled on the same surface ercljacent to

the adults : they do not swilt off to a nearby surface.

The eggs of Eul-aeospira are incubated within the tube of the adult

and the larvae arc later released. The larvae spend only a short tinte,

probably not more than a few hours, in the free-swinming stage before

they settle and metanorphose (l{i-sely, l-960, 1962). The ninimun length

of time in the free-swimming stage i-s not known, but if the larvae are

capable of settling and netarnolphosing as soon as they ate released,

the observations of Wisely may help to explain the observed sett-lement

rates of EuLaeospira in the control troughs.

Larvae settling in trough 2 woulcl have come froltt two separate

sources. Some have been present in the watel entering the trough,

while others have originated fron within the trough. Flowever, larvae

settling in trough t have come from outside the trough, at least

initially. If the number of larvae originating fron within trough 2

was large, in cornparison to the number entering from outside, the rate

of settlement in trough 2 would be greater than that i-n trough 1-. The

population of EuJ.aeospira in trough 1 would soon increase in numbers.

However, if the population in trough 2 remained greater than that in

trough 1, settlement in trough 2 would also remain gleater.

A further factor night have contributed to the difference iri rates

of settlement between the control troughs. T'he rates of settlement of

nost species in the control troughs were considerably less than those

recorded at locations in the North Arrn adjacent to the cooling water

intake (see Section B). This may probably be attributed to danage

caused by nechanical and hydraulic stresses on passage through the pump

and pipework leading to the troughs. Carpenter et al-. (7974) found

that about 70% of the copepocìs enteri.ng the cooling w¿rter systen of a

power station diecl afteï Passage through tlic porver :;t3tion. They

attributecl this nolti,Llity to nechaniceLl damage. Thus it is likely tltat
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an apprecia"ble number of the larvae of Eufaeospira entering the troughs

have been killed by passage through the pump and pipework. This factor

would hetp to acceutltat.e the differences in settlenent rates between the

control troughs.

I shal-1 now consider the presence of EuLaeospira in the chlorinated

troughs. The data from two-week, four-week and eight-week plates were

amalgamated and analysed using the Wilcoxon matcheo-pairs signed-rank

test. The nurnbers present in the interrnittently dosed trough were

significantly greater than those in the trough dosed at the rate of

0.2 ppm (n = 21., T = 7'4, P <<0.005). In the early stages, this

difference would have been caused by the effects of the different doses,

but later, the existence of a population of Eul-aeospita in the

internittently dosed trough would have beelì a contributing factor.

3.6 Growth on the walls of the troughs

I shall conclude this section with some general descriptior-rs of the

growth pTesent in the chlorinated troughs in October, 1973. In the

chlorinated troughs, the walls were virtually free of any foulíng grolth.

However, in the 0.2 ppnr trough a few Hgdroides were present. These had

all grown abnormally (as described above) and in this condition they

would be uninportant as foulers in the ducts. There was a deposit of

silt, up to two centimetres in clepth, on the bottort of all of the troughs.

In the interrnittently dosed trough, the situation was quite

clifferent. A considerable number of lnud-mussels had settled on the

ftoor of the trough. They had consolidated the ntud and had accurtulatecl

more, with the result that the layer of nud was six centimetres in depth.

As the nussels had grown in size and had increased in numbers, they hacl

spread up the sides of the trough. Large numbers of. Ugdtoides were also

present, with a few barnacles and oysters. Anemones, which had been

recorded occasionally on plates exposed in the trough, had clisappeareci.
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The growth on the walls of the trough reached a thi-cicness of one

centimetre in places.

3,7 Supplenentary results

In Novernber and Decenber I973, some difficulties were experienced

wj-th the operation of the chlorinating ec¡uipment. Ilence, no results

were obtained during these months. Some observations recommenced in

Januar¡ 7974, and continued until May, 1.974. Observations were

rather irregular.

The results from three series of observations on eight-week plates

from the chlorinated troughs are listed in appendix 6. In the case of

the anemone Anthothoä aLbocincta, it was possible to carry out a

statistical analysis when the results from 7974 were amalganated with

those fron 1973. A randomization test for matched pairs yieldecl a

probability of 0.03 that differences betrveen the numbers present in the

intermittently dosed trough and the trough dosed with 0.2 ppr of chlorine

nay be attributed to chance. Ilence, it may be concluded that the

numbers were greater in the interrnittently dosed trough. The data for

the other species present on the plates at this time provided no new

information.

Two series of longer tern plates were also examined during this

period. A series of eighteen-week plates were collected in early

March and a serj-es of twentyfotrr-week plates in early May. In both

cases, growth was so profuse on the plates from the i-nternittently

dosed trough that no atternpt was made to count the number of each species

that was present . Hgdroides, EuJaeospira and Modiolus were the most

corilnon species present with snaller numbers of barnacles and anentones.

After an expos¡re olì eighteen weeks, weights of growth on plates

from the continuously dosed troughs ranged from 0.05 - 0.25 grams, while

on the plate from the intermittently dosed trough, the weight was 11.3
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gïams.

0.t5 -

The corresponding weights from the twentyfour week plates were

0.60 grzuns and 23.2 grams.
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4. Discussion

The re-sults have shown that a 1ow continuous close of chlorine applied

to seawäter was rnore effective than an intermittent dose in reducing the

rate of for:l ing in the experimental tloughs. The results for Hgdroides

norvegica were the most convinci¡g. Prior to the start of the

expelinents, this serpulid was the commonest species in the ducts' Rates

of settlement were much lower in the continuously dosed trough than in

the internittently dosed trough. In addition, those Hgdtoid.es which

settled in the continuously dosed trough did not gr.ow normally, as

described in the previous section (3.3). Growth was apparenll'y normal

in the internittently dosed trough. Eufaec>spira convexis also settled

in greater nurnbers in the intermittently dosed trough, comparecl with the

continuously dosecl trough. However, as discusse<l in section 5'5, this

effect will have been enhanced by the reproduction of the aninals within

the trough.

The mud-mussel Modi oJ-us inconstans ì'vas compafatively TaIe on plates

exposed in the troughs. Howevet, amongst the chlorinated troughs, it ttas

found only in the intermittently dosed trough. It was plesent on

sufficient occasions to conclude that the differencc between troughs was

statistically significant. After several months, it was very comnon on

the bottom and walls of the intermittentty dosed trough, while being

absent from the continuously dosed troughs. This fact lends suppolt to

the conclusion that a continuous dose is rnore effective than an inter-

nittent dose in the reducing the rate of settlement of ModioLus '

In certain locations nea1. the powel station, nud-mussels are very

cornmon on the mud-flats. They can be found intertidally, towards the

low-tide ma1.k, and subtidally. The mussels are conpletely coverecl by

^ ^¡ -,,ñ^ 'l j+c-in the srrrface Of the mUrltne mud : only LIte PI'eSellL;c (Jr llLn[uluur ')rr rJ

reveals the existence of a populi+tion of nussels underneath' Thus, it
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seems t:hat ModioLus is adaptecl to live in nud. Hence, when it appears

on plates as part of the foulirlg fauna, it is only found on plates on

which sone nud has accumulated. These will nostly be the lonp;el term

plates. In the ducts, rnud rvill only accumulate in hollows in the floor

of the duct or amongst an existing fouling community, since the rate of

flow of watel in the ducts is relatively large. since hollows in the

ftoor a1.e few, nost rnud-rnussels which settle in the duct will do so amongst

an existirrg foulirtg fauna. flowever, once mud-mussels have settled in the

ducts they are able to become established, even though they are not

covered by mud. The rnussels are subsequently capable of becoming

attached to the walls of the duct and to each other with the aid of their

byssal threads.

In the case of barnacles and oysters, more data would be desirable'

There was no difference for barnacles in the extent of the reduction of

the rate of settlement between the continuous dose of 0.2 ppÌr and the

intermittent dose. Llowevet, the nunbers were snal1. Oystels we1.e too

ra1le to allow any conclusions to be made. The settlement season of

barnacles and oysters has been found to extend fron mid-spring into

sgnme1 ancl sometimes into autumn in the Torrens Isla¡d area (see section

B). The experiments started after the main period of settlement of

barnacles and oysters during tihe 1972-73 season' The peak of

settlenent then was in December, Ig72. In the next season, settlement

ïates of both species were considerabty less than those observed a yeal

earlier. Thus, only low rates of settlement weI.e found in the troughs'

In addition, the cltlorinating equipment developed a malfunction during

November and Decenber of t973 and no results were obtained for these

months.

It had been hoped to obtain more results on the effect of clilorl¡re

on barnacles over the 1974-75 season. Flowever, the rate of settlement
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of barnaclrrs in the tr:oughs rvas very low despite the fact that a fairly

large rate of settlernent \n/as observed at ¿r locatj-on near the cooling

water int-¡tke. As an illustratiolr, settlcnrent rates of two and three per

plate were found in the 0.2 pprn and intermittently dosed troughs, 5 aud

L3 in the controls and over 200 on a plate exposed for the sarne period

(4 weeks) in the Norl.h Arn. Two factors ¡nay be responsible for this 1ow

rate of settlement in the troughs. The probable damage to larvae on

passage through the pump and pipework has been mentioned in section 3.5.

A further factor rnay be that many larvae may have been filtered out at

the inlet to the pulnp. A wire-rnesh baslcet (with ¿r rttesh-size of about

2 cm) had been placed at the inlet to the punp to prevent debris from

entering. Over the 1-974-75 season, this basket was, for the nÌost paIt,

conpletely enshrouded by a dense glowth of the bryozoan Zoobotrgon

verticiLlatum despite frequent cleaning. This growth may filter out

many of the larvae. In addition, a considerable amount of the hyclroid

Tubularia sp. grew on the basket. The polyps wou}cJ probably have

consumed a number of l¿rrvae which rnigÌrt otherwise have entercd the

troughs.

oysters were again very 1.are over the 1974-75 season. Indeed,

over the L973-74 and 1974-75 seasons, they have been so rare that they

have caused no problems in the ducts : previously, they had been

moderately comtron, although less conrmon than barnacles.

If further work on barnacles is attenpted, the approa.ch may have to

be altered. If the number of settlements in the troughs remains low,

the next best nethod would be to suspend in the troughs plates on which

a number of young barnacles are growing. The effects of the diÊferent

doses of chlorine on survival and / or growth of these young barnacles

could then be conparecl. In order to ensur:e that a sufficient nunber of

young barnacles werc present on a plate, it may be necessaTy to make use

of the fact that the larvae of barnacles settle gregariously. If. a

plate is so¿rked in a barnacle extract and then placed in seawatel
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containing mature cyprid llrrvae, the resulting settlement will be nuch

greater on this plate than on another plate identical except for its lacl<

of treatmen'[ wj-th barnacle extract (Knight-Jones, 1953; Crisp and

Meadows, 7962, 1963).

As nentÍoned above (section 1.2) the musseL MgtiTus planuTatu,s was

considered by the Electricity 'I::ust to be the most troublesome of the

aninals in the ducts. Flowever, no Mgtí7us Í¡ere recorded at any stage

during the course of the experiments, either in the chlorinated troughs

or the control troughs. M. planuTatus is comparatì-vely rare in the

Torrens Island area, possibly as a reslllt of predation. In a study of

Lough Ine, Ireland, strong evidence was presented that the scarcity of

mussels could be attributed to predation of the ctab Portunus puber

(Kitching et aL.,1959; Ebling et a7., 1964; Kitching and Ebli-ng, 1967).

In this study mussels were found to be veay rare over most of the Lough,

but common in a few locations,

The blue ctab Portunus peLagictts (Linnaeus) ì-s commonly encounterecl

near Torrens Island. This crab does eat rnussels, particularly mud-

mussels Mod,io.,:ts (V. Neverauskas, pers. conm.) and would appear to be

capable of breaking operì large mussels. Predation by p. pelagi-cus may

account for the rarity of a" pTanulatus in the area arouncl Torrens Islanil.

Predation by at least one species of fish rnay also be a contributing

factor. The bream Acanthopagrus butchezi is conmon in the North Ann and

Angas Inlet where it is often encountered close to submerged objects such

as piles, wharves and wrecks. When the water is clear, the fish can be

seen swirnming close to the subnerged object, apparently looking for foocl

amongst epif;Luna. They are likely to take snal1 mussels in this way.

Mussels form part of their diet, as shown by the fact that I have caught

several bream, averaging about 500 g "ln weight, from Angas lrrlet and on

several occasions have founcl that their stomachs were ful1 of the remain-s

of mud-musse1s.
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Mussels of tlie gcnus MgtiTus are encountered flcquently in studies of

the settlement of for-rÌ 1ng organisms. Mussels have been found to settle

on solid surfaces exposed for periods of time of the same order as those

used in the present -study. Such results have beerr obtainc'cl from a

variety of locations including the United States (l{ewatt, 1935; Grahan

and Gay, 1945; Ful1er: , 1946; Shaw, 1967), Europe (Meadows, 1-969;

Bohle, I97L) and Australia, where the mussels were MgtiTus planulatus

(Al1en and Wood, 1950; Wisely, 1959). Thus, despite the fact that

M. pTanulatus is rare in the waters around Torrens Island, it is

surprising that no individuals \^rere encountered during the experiments,

when mussels are found in the clucts. In addition no ¡d. pJ-antzlafu.s were

found on any of the plates suspencied at six other locations, four in

Angas Inlet and two in 'Lìre North Arn (section B). It is perhaps worth

noti,¡rg that the plates an<l frames used in section B of the present study

are very sinilar to those used by Allen and Wood (1950).

In the ducts , MgtiTus were largely restricted to the patches of

Hgdroides norvegi-ca. This fact suggests that the larvae of rnussels

settle on a surface that has been fouled, in preference to a clean

surface. The larvae of the European rnussel /u. edul-is prefer to attach

to threadlike naterial, such as a filamentous algae (de Blok and Geelen,

L95B; Bayne, 1964b; Boh1e, 1971). Bayne found that after reaching a

size of 0.9 to 1.5 mrn, the plantigrade larvae detached themselves from

the algae and passed through a second planktonic stage before attaching

to the adult nussel beds. However, Bohle (1971) found no such secondary

settlement. Filalnentous algae are frequently found growing on plates

suspended in the North Arm and Angas Inlet. Thus, if the larvae of

M. pTanu¡atus show similar behaviour to those of iu. eduTis, the plates

should provide a suitable substrate for settlement of. M. pTanulatus-

Ðr. R. J. Maclntyre of the University of New South lVal-es ha=s

discovered that bundles of hemp rope forrn particularly favourable sites

for the settlement o:Ê the larv.'re of M. p-IanuJatus. Hemp rope ir¡rs a
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number of thr:eads projccting from the main body of the rope. Iiowever,

one such bundle placed in the North Arm adjacent to the cooling water

inlet failed to attract any niussel settlements over a period of about a

year.

In a study of the fouling conclj.tlons i-n Newport Harbour, Ca.lifortria,

Scheer (1945) found thal the climax cornmunity was dominated by MgtiTus,

However, mussels appeared i-n reasonable quantities only on plates exposed

for twenty weeks or longer and wer:e not abundant even on plates exposed

as long as 36 weeks. Hence, in this situation, it would appear that tÌre

larvae of. Mgtitus settled only on a surface which was covered by an

establ ished fouling fauna. Casual observations would suggest that a

similar situation may exist at Torrens f:;land. In the control troughs,

some specimens of u. planulatus were noticed in the overflow part of the

troughs about L5 months aft"er water started flowing through rhe troughs.

In both cases, this section of the trough was not cleaned during the

course of the experiments. Since the mussels were not noticed for a

considerable length of tine, it is likely that the larvae did not settle

in the troughs until a fouling fauna had been allowed several nìonths to

become established. The overflow areas of the control troughs are the

only places amongst the experimental material in which M. pTanuTatus have

been found.

After 7972, the extent of fouling in the ducts changed fron that

wþich had been recorded previously. A general description of the extent

of fouling tn t972 was presented in section 1.2. Fron l-973, the amount

of growth in the ducts has declined consíderabIy, to about one-quarter of

the 1,972.levels. A signific:trrt feature of the fouling fauna found fron

1"973 onwards has been the predorninance nf M. pTanulatus over other species.

Thus, while rnost of the other species have declined in abundance in the

cluc¡s, M. pTanuLattt:; has held its own anci possibly even increascd in
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numbers. These observations add further confusion to the situation

regarding the observed occurrence of mussels. The explanation that the

larvae of mussels nay settle only on a surface which is covered by a

fouling fauna that has taken several months to become established is

unlikely to appIy, since the numbers of other fouling organisms were

snall. Thus, the corrplete absence of nussels on the plates becomes

more puzzling.

An explanation of these anomalies may perhaps be sought by a

consideration of the reaction of the larvae of ugtiLus to light. Thorson

(1964) classified larvae of rnarine botton invertebrates into several

classes according to theil reactions to light. The class containing

the greatest number of examples was one in which the larvae are

photopositive in the early stages of their planktonic life but, as the

time for settlement approaches, theír reaction to ,ti.ght reverses- Such

larvae will be attïacted to the surface for most of their planktonic 1ife.

At the suïface, the concentration of food (diatoms, flagelletes etc.) will

be the greatest. When the time to settle comes, the larvae swim

downwards, since they are now teacting negatively to 1ight, and settle in

preference in shaded areas, particularly the undersurface of submerged

objects. on the top and, to a lesser extent, the sicles of a submerged

object, sessile animals risk being smothereci by sedirnent, particularly

when very young. They may also have to compete with algae'

The larvae of ttgtifus edul-is show a similar, though not identical,

response to light (Bayne, 1964c). For the greater part of their pelagic

life, the larvae show no reaction to light, but exhibit negative geotaxis'

However, with the development of a pair of pigrnented eyespots, the larvae

become photopositive. As settlement approaches, they r.everse their

reaction to light and settle nìore readily in the dark than in the light.

If the larvae of. u. pJanulatus show a similar reaction, this may heip

to explain the gleater nunbers o[ lnussels in the <lucts, if it is assumed
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that nost settlenlcrìl takc..j placc durirrg daylight. 'llhis assunption would

seem reasonable if the photonclilrl,ive rc.¿rcLion of the larvae at :.,cttlement

is an adaptatioll whicli enables i.iìen to.settle in the more favourable

locations. The larvae will recognize a favourable location as one in

which the light intensity is less than that at rrearby locations. When

larvae are clrawn into the ducts during drLytight, they pass from a well-

lighted area into one that is completely dark. 'fhi-s change in light is

I ikely to provide a stÏong stimulus to mature trochophores to settle.

Since large quantities of searvater are drawn into the ducts, mussetrs may

scttle more commonly there than elselvllere. Hence, the populntion of

mussels in the ducts will be greater, provided that the a<lverse effects

of current speed (see later) ancl intermittent chlorination are not too

great. Once established in the ducts, mussels are, of course, free from

predation by fish and crabs.

The same tendency for corrcentration in the ducts need not apply to

ot-her species, Thu.s, the larvae of barnacles which may settle inter-

tidally (BaTanus amphitrite is one such species) migrate towards light

before settlement (Barnes et a7., 1951. Thorson (1964) states that

oysters settle more abundantly in the 1ight.

If the extent of i,ouling in the ducts was the same as that which has

been observed in the interrnittentl), closed trough, one would expect to find

the surfaces of the ducts to be completely covered by fouling organisns

after an exposure of about a year. The thickness of the growth would be

expected to reach about one or tir,o centinetres. However, over the last

two years, the ducts have been relatively free from fouling growth.

An obvious difference between tlìe conditions in the cluct ancl the

experimental troughs is the rate of flow of water. The average velocity

in the troughs was about 5 cm7:; whiLe that in the ducts is 1-.5 n/s.

Wood (1955) examined t-he effect of the r¿rte of flow of water on
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settlement lrith the aid of ¿r rotating clisc. Ile found that Balanus

amphitrite:,r.¿.tached to the clisc at water speeds up to 2.0 knots (1.0 m/s),

but not at speeds greater than this. Speeds of L"12 knots (0.58 n/sl

largely prevented settlement of ngdroid.es norvegica, Walton Smith (1946)

used a sinilar method but obtained different tesults. He found that the

velocity of water current limiting attachnent of Balanus amphitrite lay

between 0.5 and 0.9 knots (0.26 and 0.46 n/s).

From t[ese results it night ¿rppcar that the velocity of water flow

in the ducts would be too greaL -Lo permit the settlement of sessile

aninals, although the velocities in the centres of the ducts ivil1 be

greateï than those along the walls. It has already been mentioned that

those aninals which are present in the ducts tend to congregate in the

vicinity of bends, in ctevices and around any irregularitie-s in the

surface of the ducts, i.e. in those areas where the flow of water over

the surfacs is locally reduced. It nay be thaE, i-n the absence of any

bends, crevices or irregularities, no anirnals would settle in the clucts.

crisp and Barnes (195a) described rugophilic behaviour by the

larvae of three species of barnacles. Rugophilic behaviour is the

tendency of larvae to settle in grooves and concavities. Orientation

of the larvae to grooves r^/as shown to be a tactile response to surface

con¡our. The larvae explorect surf¿lces very extetrsively before settling'

the first to settle usually having located the concavities. Rugophil-ic

behaviour has been founcl in other species including a stalked barnacle

(Barnes and Reece, 1960) and a brachiopod (wisely, 1969). Such

behaviournay allow larvae to attach and metamorphose under conditions

when settlement on a flat surface woulcl be preventecl by a rapicl current.

Once the animals have becone established on the surface, it v¡orrld seen

likely that a rapid current woul.d have Less seveÏ.e effects. Thus,

Walton Smith (l-946) found that, rvhile a velocity of fiow of beh¿rviour

0.5 and 0.9 knots preventecl settleruent of Bal-anus amphitrite, currents of

up to 1.5 knots (0.77 n/s) increased the growth rates of eslablished
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barnacles.

While tlre grorvth in the ducts has been of only lninor consequence

fron 1973 onwards, as a result of the conbined effects of current and

intermittent chlorination, the reasons for the declj.ne in the amount of

growth after 7972 ate not clear. Several explanations are possible.

Firstly the chlorine plant has been operating with less interruptions

over the last tu/o years. An alternative, but not necessar:ily mutually

exclusive, explanation is that the dj-fference may rcflect a fal1 in the

settlement rates of fouling organisms. However, there is no inforrn¿rtiorr

on the rates of settlement befc¡r'e June, l97l : those Cucts which were

examined in 1.972 would have been fouled nainly before this date.

Nevertheless, it is true that settlenent rates may \¡ary from year to year

(see section B).

It can happen that a unit rvill be taken off load for a few days,

usually over a weekencl , for naintenal)c:c. When this happens, the cooling

water punps are usuafly turned off as wel1. Over these periocls, a number

of larvae which will be present in the stagnant water at the appropriate

season, rnay settle ¿ind rnetamorphose in the ducts when the current woulcl

nornally have prevented then from doing so. This may be of greatest

significance at locatjr,¡ns in thc ducts which are not sheltered from the

current. Settlencints at such places nay provide irregularities which will

form the nuctei for later settLement. Similarly, there are occasions

when a unit rnay operate with onl.y one of its cooling water punps, for a

period of up to several weeks, while ntaintenance r.'r::k is carried out on the

other. The consequent reduction in velocity of hrater flow ín the ducts

may allow a greater rate of settiement in the ducts. If either of these

two practices var:¡' jn frequency from year to year, tliis may contribute'lo

the yearly variation in the extent of foulìng in tire ducts.

Although the amount of growth in the ducts has been small recently,

the same concentïation of fouling organisns in the ducts ofrBf section
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of the power station may pr.ove troublç::one. The first unit of 'Bl

section was due to comllence opelation later in 1975. The ducts of rBf

section will be about 600 m in length fron the prrrnps to the condenser,

compared with an average length of just less than 100 n in tAr section.

Hence, other factors being equal, the anlount of growth in the ducts of

fBr section nay be six times greater than that in rAr section. Thus,

while the anount of growth in rAr section over the past two year-s has been

of ninor significance, it wouid be desirable to find a dose of chlorine

that is more effective in reducing fouling. The results of the

experiments îeported here give hope that a continuous dose which leaves a

residual of 0.1 - 0.2 ppn of chlorine in the seawater nay achieve the

required result. Accordingty, it has been recommended that continuous

chlorination be used at the Torrens Island Power Station, initially on a

trial basis.

The Electricity Trust has adopted the tecommendation that continuous

chlorination be used experirnentally at the Torrens Is1and Power Station,

and the first unit of fBr section is being chlorinated continuously.
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SECTION B. THERMAL EFFLUENT AND EPIFAUNA

7 . Irì Eroduction

In recent years, considerable attention has been paid to the

possible effects of the release of warned water from power stations. r\

variety of studies have bl',:n conclucted at several different powea

stations. Many of th.e studies of the effects of ther¡nal effLuent were

conducted in freshwater. This concerned particularly tì're earlier

published reports (Mihursky and Kennedy, 7967). Llowever, I sha11

consider here only marine systenìs.

One of the earlie.st investígations consisted of observatj-ons on the

:iurvival of aninals in seawater after its passage through the condensers

of power st¿+ti.ons (Markowski, l-959, 1962). It was found that all of the

animals survived. However, such an experirnent is ol" limited value"

Such a result rnight be obtained even if the thermal effluent was having

serious adverse effects on the nearby fauua. The time of exposure to

the heated water was only a few minutes in the experiments. The

tenperatures which are required to ki11 marine animals during an exposure

of a few ninutes rnay be 10oC or nore higher than those which will kitl the

same species after an exposure of several hours (e.g. Foster,1969). In

addition, in some species of fish whose temperature tolerance has been

examined, an abrupt rise in temperature, similar to that which might be

experienced on passage through condensers, has no additional effect on

survival ilr comparison to a grrLclual rise in temperature (Fry et aJ,7946;

Brett, tgsz). Hence, tempeTature shock is unlikely to be importaît, at

least in sone cases.

Most of the later studics on the effects of thermal effluent have

concentrated on fauna surveys-. supplemented in some cases by laboratory

experiments. The results have clepended prinarily on the location of the

pohrer stations. fire warmed wateî from those power stations located in
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the cooler and temperate regions of the world has had only ninor effects.

In cases where some species have been adversely affected, others have

benefited. Indeed, theïe has been an increase ín biological activity

near the outfal1.

Thus, Markowski (1960) found no difference in the specific composition

of benthic invertebrates which settled on experinental slabs placed in the

intake and outfall water of a power station, Howevet, settlement on the

slabs near the outfall. began earlier than that near the intake. There was

proLific gror,vth of algae near the outfal1, whilst none wele present near

the intake. Near the Marchwood power: station (Southanpton), attack by the

woodborers Tetedo and Limo.ria has increased as a rcsult of the increased-

temperatures there (Pannell ex a7., 1,962; Raymont, 1972). The density

of zooplankton has not decreased, while the population of the clarn

Metcenatia mercenaria has shown a nlarked increase.

Naylor (1965b) followed the changes in the fauna in heated docks at

S!'/ansea, South Wales, after a decline in production by a pol{er station.

while the power station was operating at full capacity (tss6-60), the fawa

was particularly rich, with a variety of sessile animals densely crowcled on

all available surfaces. At least ten exotic specíes were found. After

the decline in production of the power station and the consequent reduction

in ternperature, some species showed a decline, while some native Britisl-r

species that were not recorded in 1956-60 reappeared.

Investigations into the effect of the Hunterston generating station

(Ayrshire, Scotland) revealecl some sublethal effects on the nearby fauna

inhabiiing sandy beaches (Barnett and Hardy, 1969; Barnett, 197L, L972).

Growth rates of the larnellibranch reLLina fenuis were slightly greater,

but there was no evidence of spawning having been affected. The spawning

tines of the gastropod lVassarius reticuTatus hlere advanced by about three

months, compar.ed with a locality not affected by the l'rarmer water' In

addition, snails living near the effluent developed lighter shells for a
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given flesh rr,i:.ight th¿ln anilnals distanr; from the w¿lrm water. The sand-

dwelling anphípod urothoë'brevicornis also bred earlier and the growth of

young animals was nore rapid. Another species which spawned earlier than

normal was the sand-dwel1ing copepod .aseJlopsis intermedia. There was a

very high nortality amongst the larvae, since they were produced too early

in the year when there was an inadequate food suppjl'. Since the -l.arvae

are benthic and therefore not readily dispersed, there has been a reduction

in the local population of Äsel-J.opsís.

A further effect of the theamal effluent rele¿rsed by powi:r stations

has been to allow the establishnen¡ of some species in areas which would

nornally be too cold. It was mentioned above that Naylor (1965b) had

reported the occurltence of ¿il- lsrist ten exotic spec.ies in docks heated by

the effluent of a poiver station. Crisp and Moleswolth (1951) reportecl

the occurrence of the warm-water barnacl e Ba-Lanus amphittite ín areas of

Britain. It was found only in the areas affected by the effluent fron

power stations. Breeding occumed every year and was sufficient to

maintain the population.

An interesting situation has been described in relation to the

American hard-shel1 clan Nercenaria mercenaria whÍch has becolne established

and is abundant in Southanpton Watel (Ansell, 1963). Animals were found

which spawned at t7.8oC, whereas previously, it r¡¿rs thought that the

Iowest tempeaature of spawning was 23.OoC. Thus, the species seems to be

adapted to the cooler Southamptori l{ater. A factor in the successful

establishment and spread of the clams was the warming effect of cooling

rverter efflurent in the a1ea. Thus, a combination of favourable

circumstances and evolution has allowed Mercenatia to become establishecl

in the Southanpton area in recent yeâlr:-i 
"

The investigations clescribecl abovc l'rave been conducted in Great

Blitain. Studies in the cüo]-er aÏeas of the united states of Anerica

have produced conparable resul,ts. At Morro Bay p'ower plant (california),

the influence of the thermal t.l{l-uent extends up to 2400 metres from the
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outfall (Adans, 1-969). Flowever, changes in the fauna were detected only

in the irunediate vicinity of the discharge, where there was an increase

in the abundance of wann water forms. The community had returned to an

essentially normal conplement of warn water and cold water fonns 150

netres fron the discharge.

Warriner and Brehner (1966) investigated the effects of the effluent

fron the Virginia Electric and Power Companyrs generating station

(yorktown, Virginia). They found that primary procluction u¡as increased

during the winter but was depressecl in the sumrner. They obtained

evidence that the corununities of benthic animals h'ithin 300 netres of the

discharge were under stress during the summel as a result of the

increase in temperature attributed to the power station.

Atthe chalk Point lor¡rer plant (Patuxent River estuary, lrfaryland),

the effect of thernal effluent was investigated by observing the rate of

settlenent and growth of the epifauna on wooden test panels. One set

was submerged near the inEake and another in the effluent canal (Cory,

t967; Cory and Nauman, 1969; Nauman and Cory, 1969). The biomass

production on the effluent side wa-s nearly three times that of the

intake. In the effluent cana.l, the settlement of sessile organisns

began earlier in the season and was larger than that near the intake,

but there was little,cìrange in the species composition'

A further effect of heated effluent from a pov,/er plant in the

Patuxent River was repolted by Roosenberg (1969). Qysters near the

outfal-I of the power plant startecl to display a green colour shortly after

the conmencement of operation. In tine, this affliction, caused by the

concentration of copper by the oysters, increased in intensity and spreacl

to oysters further removed fron the outf¿t1l. An increased concentration

of copper in the effluent water, clue to corrosion of condenser tubes, hlas

thought to be only partly responsible for its accumulation by oysters '

Roosenberg states that oystels had been found to accurnulate copper under
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stress and this was considered to be a contributing factor.

Young and Gibson il 973) described a situa'ûion which mav potentially

be very serious;. The 41..l¿rntic menhaden Brevoortia tgtarvtus, which

supports the lar:gest colnrercial fishery in North America, inhabits

estuaries fron Massachusetts to Floïida during its larval and juvenile

stages. In Long Island Sound, the young migrate into oceanic water in

August and September. In 1971,, the authors observed large scl'rools of

migrating juveniles swimming from cool water into the heated sr-rrface

water which had been discharged fron a power plant. Many of the fish

sufferetl immediate thermal shock, sank to the botton within one minute

and died shortly after. This situation iieeds to be studied in detaíl-

to deternine the extent of sucll occullences.

In tropical waters, therrnzrl eff truents would be expected to have

more harmful effects than in cooler Ìvatcrs, since tlopical animals nay be

living in water which is only slightly cooler than that which would pr.ove

lethal (e.g. Naylor, 1965a). In southern Biscayne Bay, Florida, the

Turkey point power plant has killed marine organisnis fr,¡r'more than l-.5 lcn

from the outfall (Johannes, 1970). Iìoessler (1971) found that ir-n ¿rn

area of 12 - 20 hectares, corlesponding to a tenperature elevation of

4 - 5oC, all of the norrnal green, red and brown algae disappealed and were

replaced by a nat of blue-green algae. A reduced number of species and

abundance of algae ancl a lower procltrction of fhalassia were no'r-ed in an

area of about 120 hectares, which corresponds to the area enclosed by the

*3oC isothern. Within the ¿rrea experiencing an elevation of 4 - 5oC few

animals were found. Withrn the *3oC area, there were fewer species of

animals and fewer individual-s tir¿rn normal. This situation will becone

much more severe in the future since the cooling requirements at Turkey

Point are expected to increase by 312 times'

whiLe most of the stuclies ïeported so far have shown that thernal

effluent hls produced only minor effects on the flora and fauna of marine

systems, at least in the cooler wateÏs ofl the world, the situation neeci-s
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to be continuously sclutinized in view of the increasing clemands for power.

Thus, Clark (1969) states that L:he demand for power in the United States is

doubling every ten years. The increase in the nunbers of nuclear power

plants will add further to any thernal pollution problems, since these

plants require about twice the volume of cooling water for a given unit of

power production required by a conventional coal-fired or gas-fired station

(Naylor, 1965a; Sorge, 1969).

Investigations have begun to determine the effects of the thermal

effluent released by the Torrens Island llower Station.

1.1 The situation at Torrens Island - present ancl future.

Fig. l-.1 shows the location of the Tomens Isl-and Power Station in

relation to the surrounding areas. A feature of the area is the shallow-

ness of the water. The maxinum depth encountered at low tide is about

five netres. Thus, the area which comes under the infl-uence of the

therrnal effluent is much greater than would be the case at a comparable

station located on the open coast.

The sìroreline is bounded by mangroves Ayicennia marina var. resinif,era

(Forst. f. ) Bakh, some tracts of which are quite extensive. The sea

botton consists of sandy nud and there are extensive areas of intertidal

nud-fLats. Despite the fact that the waters form part of a systen known

as the Port Adelaide River, only a little fresh water enters the area.

Hence, the salinity of the w;¡ter is typical of that of gulf watel or

slightly greater (36 - +Oo /oo7 .

As was nentioned previously (section A. 1.1), the generating

capacity of the Torrens Island Power Station was 480 MW at che tíme of thi-s

study, 22 - Z3 ms¡s of searvateï iìïe used for cooling and, at full load,

this water is raised in teniperature by 7.BoC. It is proposecl to aclcl a

second section. rBt section, to the present fAr section of the power

station. rBr section wil.l consist of four generating units, each witJr a

capacity of 200 MW. These altogether will require an amount of cooling
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I

water roughly equivalent to that used in rAr section. Howevet, at full

load, the water will be raised in tenperature by 11.7oC. The first unit

of rBt section has since commenced operation (early 1976).

Thus, it is irnportant to investigate the effects of the present

thernal effluent as a first step in determining if the proposed increase

in heat load can be tolelated by the fauna and flora of the area.

,

I

I
I

I
I
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2, Materials and nethods

The effect of the thermal effluent on the epifauna has been

investigated by examining settlement ancl growth of sessile animals on

artificial substrates at several different locations. Frosted glass

plates, tlic same as those used in the work on chlorination (section A' 2')

have beerr used here also. The plates hlel'e suspended in brass frames'

Each frane was 49 cm long and held five plates vertically and JL¿ cm apart.

It wa,s decided to take observ¿rtions eveTy two weeks and, on each occasion,

to exanine three plates, one which had been exposed for two weeks, one for

four weeks and one for eight weeks.

At each location, the franes weTe suspended just below the zero tide

Level. At this depth, they would just remain covered at the times of the

lowest low tides likely to be observed. Every two weeks, the frames v"ere

raised, the appropi;iate plates removed and replaced with clean ones and

the franes lowered back into tlie water. The plates which had been

collected were examined under a binocr:.Iar microscope and all ¿rnimals

present were recorded. Dry weights of growth were obtained using a

method sinilar to that described by cory (1967). This rnethod was the same

as that described earlier (section A. 2.) except that one additional

procedure was carried out. The plate was weighed after heating at 500oC

in the furnace. The loss in weight provided an organic weight' The

plates were then cleaned, using the method described in the section A' 2"

teady for reuse.

The first observations commenced on 2/6/72. However, observations

conmenced later at sone of the stations. six sanpling stations were

usecl in this study. Their locations and dates of cornmencernent of

operation are listed below :

A. In the North Arm :

(1)CW(oS)Station.ThisSEationwaslocatedinaîaTeaofstill

wateT about 20 netres fron the cooling water intakes' observations
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corunenced on 2/6/72. 'l'here was a gap in the observations as a result of

a nishap in mid-January, 1973. In the two week period between the Srd

and LTth of that nonth, a broken-off mangrove branch became entangled

amongst the franes. A consicierable amount of mud accunulated around the

frames and the branch, snothering the animals on the plates and killing

nost of then.

(2) CW(NS) Station. The frames ì{Iere suspended inmediately

seawards of the cooling r^rater punps. They were in an area which

experiences greater current speeds than elsewhere as well as a considerable

amount of turbulence, as a result of the action of the cooling water pumps.

Limited observations conmenced on 37/L/73 since only one frame was available.

The complete set of franes and plates r4ras suspended in the water on 3/7/73.

B. In Angas Inlet :

(1) 0utfa11 Station. The frames are suspended from an iron

structure situated at the point of release of the cooling water. They

were first placed in position on t6/B/72.

(2) Jetty Station. 1'he franes are suspended from a sma1l jetty

about 400 metres from the outfall. Observations conmenced on 2/6/72,

(3) No. 30 Red Beacon (30R) Station. This is a channel marking

post, situated about L6L0 netres frorn the outfall. Observations

comrnenced on 6/12/72.

(4) No. 28 Red Beacon (2SR) Station. This channel marker is

located about 2480 netres from the outfal1. The frames were placed in

position on 3/7/73.

The locations of the stations in Angas Inlet are shown in Fig. 1.1.

During late iPebruary ancl l'¿farch, L973, there was a gap in the

observations at all of the stations that hlere operating at the time,

whilst I was i11.

Observations in Angas Ir'let terrninated in April-May, 7974 (24th

April at 30R station, Bth May at ziJR station and 22nd May at outfaLl and
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jetty stations). At that trme, it had been scheduled that the first unit

of rBr section of the power station would conmence operation late in L974.

Hence, I had proposed to reconnence observations in Angas Inlet during

spring of 7974 in order to document any further changes to the epifauna

that rBr section might induce. However, as a result of delays in

construction, the first unit did not begin operation until early 1976.

Nevertheless, some observations were taken in Angas Inlet, naini.y at the

jetty station, over the period from nid-November, 7974, to the end of

February, 1975. It was thought that if the su¡nmer of L974-5 happened to

be unusually hot, this nay duplicate the conditions in Angas Inlet when

both sections of the power station are operating during a normal summer.
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3. The distribution of tenperatures and the dispersal of the warmed

water

Fig. 3.1 shows the average weekly inlet and outlet temperatures of

cooling water over the two-year period from June, L97'2 to May, 7974.

The dífferences between the inlet and outlet tenperatures are also shown.

At intervals of halfan hour, thc inlet and outlet temperatures of the

cooling watet of each unit are recorded on 1og sheets. The measurelnents,

which are controlled by cornputer, are taken with the aid of thernocouples

located just before and just after the condensers. The average weelcly

temperatures vlere calculated from these data.

It can be seen that the extent of the temperature elevation of the

water on passage through the power plant varies little over the course of

a year. Thus, the outlet temperatures show a sinilar pattern of weekly

variation to that shown by the inlet temperatures. It night have been

expected that the ternperature elevation ',vould have been greater in the

winter than in the summel, reflecting the greater denand for power.

However, the fact that the magnitude of the temperature elevation showed

no seasonal variation is not surprising. The Torrens Island Power

Station is the most efficient of the Electricity Trustrs powet-plants

and therefore it is operated at fu11 capacity as far as possible. The

temperature elevation was a little greater in the secoltd year than in the

first year. The average elevation was 6.0oC ín the first year and 6"goc

in the second year.

The inlet temperatures during winter and autumn of the second year

were generally slightly greatùr'than those observed during the first yeal.

However, there was no consistent differeni:e between the two years in the

tempeïatures recorclr.:d over spring ancl summer. Since the tenperatule

elevation was greater in the second year than in the first year, the

difference in outlet temperatures between the two yea.Ts was mol:e marked.

Only in late spring antl sutuner v/as a c:r:¡i.sistent differ:ence noI evj-r-Ìent.
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Even here, it nay be noted that the peak of high ternperature was greater

in the second yea'r than in thc ,irst year.

The tertperature data on the log sheets over the period from June,

L974 to February, 1975 were not exanlned iir as great detail as during the

previous two years. Holvcver, it can be said that the inlet tenperatures

over this period followed a sirn!.lar pattern to those observed a year

earlier up until sunmer, wheii temperat,ures were as much as 4oC less than

those of. 7973-4. This diffelence was probably due to a cooler summer in

L974-s.

I shall turn now to consider the dispersal of the warmed water after

it has left the power station. In Septernber, t972, three temperature

surveys were conducted in Angas Inlet and surrounding waters.

Temperatures were measured at intervals dor4,n Angas Inlet and also in Barker

Inlet, Eastern Passage and Nortìr Arm. At each location, measurements

were taken at the surface and the bottom and at intermediate depths one

netre apart using the ternperature scale on a QMI portable dissoLved

oxygen metre, model QM 10T. From the data, tempe::cture profiles in

Angas Inlet were drawn. These are shown in Fig. 3.2. The pro.file of

the sea botton was drawn fron the measurements of depth taken at each

location at which temperatures were measured. The fact that this profile

differed in each of the surveys would indicate that the bottom of Angas

Inlet is r:¿rther uneven.

It can be seen that some stral. i.fication l^/as present. In addition,

all of the water in Angas Inlet was at a liigher temperature than would

have been observed in the absence of the power station because the outlet

temperature was about 6-7oC above intake temperature. Each of these

surveys was conducted during the latter half of the ebb-tide. It may be

expected that, at high tide, both the degr,.:i of the temperature

stratification in Angas Inlet and the rate of decline in ternperature wíth

distance from the outlet woultJ be greater.
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It wa¡¡ discovered during these surveys that warnted water was recirculating

to the cooling t^/atel inlet via Eastern Passage and North Arn. On 13/9

and 27/9, on entering Barker Inlet from Angas ltrlet, an abrupt drop il'r

temperatuïe vJas found. However, when proceeding into Eastern Passage

and then down North Arm, it was found that the tempelature fell only

gradually. There was a very rapid current flowíng through Eastern

passage fronr Angas Inlet to North Arn and a current flowing down North

Arm towards the cooling water inlet. l'iie results on 20/9 were different.

0n this occasion, some of the warmed water dispersed northwards along

Barker Inlet, while the rest flowed into Eastern Passage and North Ann.

A report presenting these results was submitted to the Electricity

Trust and caused sorne concern. It had been previously assurned that all

of the warmed water dispersed nolt-htrards along Barket Inlet' As well ¿-r:l

cornpounditlg any possible damage to tlre environment, leciTculati.on also

affects the operation of the power station, since the units ope-rate more

efficiently the lower the ternperature of the cooling watel. The Electri-

city Trust decidecl that recircLrlation should be investigated in greater

detail and mechanical design section werc entrusted with this ta-sk.

Design section have since conclucted a nunber of temperature surveys of the

waters around Torrens Island. However', nost of their measurements have

been taken in areas outside of Angas Inlet-, cxcept for a section of the

eastern end (in the vicinity of post 28R).

However, mechanical design section did conduct several surveys of

Angas Inlet on 3/4/73. Tempelature profiles drawn from these results are

shown in Fig. 3.3. In that part of Angas Inlet between about 400 and

1200 metres from the outlet, sci,::¡al hundred small boats are moored' In

taking the surveys, design section skirted around the boats instead of

proceeding down the middle of Angas Inlet amongst the boats, tvhere tìre

water is deeper. As would be expected, tempel¿rture stratificat-ion was

more evident when the tide was highcr. Sinilarly, the rate of decÌine
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in temperature with distancel'ron the outlet increased as the tide rose.

In late wilrter and early spring of t973, some surveys were conducted

by Messrs. P. Zed and B. Gepp of the Departnent of Zoology, University of

Adelaide. The results of their surveys are shown in Figs. 3.4 and 3.5.

The results show sinilar trends to those obtained previously (Figs.3.2 anð,

3.3), except on Bth of Scptenber. 0n this occasion, cooler surface water

was observed in the eastern part of Angas Inlet. 'Ihe salinity of this

h¡ater was lower than that of the water elsewhere in Angas Inlet (about

32o/oo compared with 36-36.So/uo,). This lower salinity watea was traced

to Barker Inlet, into which the Little Para River empties near Swan A11ey

Creek. This river is quite small and consequently, the volume of fresh

water which flows into Barker Inlet will also be smal1. The rainfall

during the winter of 7973 was considerably higher th¿Ln normal and hence

the occurrence of a significant volume of lower salinity water in Barker

Inlet would be comparatively rare.

Since the rate of decline in temperature with distance from the

outlet varies, estinates of the difference in temperature between the

different sampling stations in Angas Inlet (section 8,2.) rnay not be

reliable if the data fron Figs" 3.2 - 3.5 were considered by themselves.

However, design department conducted surveys on a total of 2t days over the

period fuon 27/6/73 to 12/9/74. 0n each occasion, at least five surveys

were taken. The average tenperatures at 28R station were calctilated for

each set of surveys, at the depth at which the plates were located.

These tenperatures were then conpared with the data on the log sheets "

Thus, it was found thac the tenÞeratures at 28R station averaged 4.soc

less than the outlet tenperatures, with extreme average differences of

5.30 and 5.8oC. Extrapolating from this figure, and considering the

results shown in Figs. 3.2 - 3.5, it seems that the temperature at the

jetty station may be, on average, about 1oC less than that at the outlet

and that at 30R station rnay be ribout i('C less than the outlet.
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The results obtained by design departnent confirm that warned water

recirculates tohrards the cooling water inlet. Recirculation is most

obvious at tines of maxinun tidal movement. At dodge tide and times when

tidal currents are slow, water disperses northwards along Barker Inlet as

well as flowing into North Arn.
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4. Results

4.I Weights of growth

The conplete results on weights of growth are listed in appendix 1.

Consideration of the data was complicated by the fact that observations

commenced at different tirnes at the different stations and there were sone

gaps in the observations. The data were separated into several groups'

mainly on the basis of these complications. Analyses of variance u/ere

conducted on each of the groups separately, with the aim of comparing

differences between the stations in the arnount of growth.

(a) Two-week lates

The first group consisted of the CW(OS), Outfall and Jetty stations

and covered the period from 30/8/72, when observations at the Outfall

station started, to 4/7/73 (i.e. just before observations at the 2BR

station started). A strlünary of the analyses of variance is shown in

table 4.1. In the analyses, ít was necessary to use the method for the

special case where one value is nissing frorn a randomized block design

(Sokal and Rohlf, 1969). As would be expected, seasonal differences

were highly significant, with growth being greatest in spring and summer.

Differences between stations were also significant. Decomposition of the

locations sum of squares allowed the appropriate a priori comparisons to

be nade. These cornparisons revealed a highty significant difference in

the anounts of gror^rth at the CW(OS) station cornpared with the stations in

Angas Inlet : the amount of growth on plates fron Angas Inlet was greater

than that on the plates from CW(OS) st¿ttion. In Angas Inlet, total

weights of growth at the Outfall station were just significantly greater,

at the 5% 1eve1, than those at the Jetty station. However, there was no

significant difference in organic weights betweell these two stations '

The data fron the 30R station were not i¡rcluded in the analyses, since

observations conmenced later at this station. However, after perusal of

the data, it would seem that the weights obtained were consistent with the
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Surnmary of the analyses of variance conducted on the data on

weights of growth on two-week plates fron the cw(Os), outfall

and Jetty stations over the period 30/8/72 - 4/7/73.

The data were transformed to logarithms.

(a) Total weights of growth.

(Fmax(3,19) = 15.6, P<0.01; after transfornation,

Fmax(3,19) = 1.65) .

Source of variation df SS Corr.SS MS Fs P

Locations

CW(OS) v. others

Outfal1 v. Jetty

Time

Renainder

)

1

1

L.452

1,.257

0. 194

9.946

7.623

1.590

9. 915

15.8

28.8

4 .43

11.9

0.695

1.257

0. 194

0.522

0.0439

<0. 001_

<0.00L

0. 025<P<0. 05

< 0.00119

37

58 t3.02r

(b) Organic weigìrts

(Fmax(3,L9) = 9.30, P<0.01; after transformation'

Fmax(3,19) = 1.81) .

Source of variation df SS Corr. SS MS Fs P

Locations

CW(OS) v. others

Outfa11 v. Jetty

Time

Renainder

2

1

1

t.763

1. 584

0.179

1L.882

2.404

L.656 0. 828

1. 584

0,L79

0.620

0. 0650

12.7

24.4

2.75

9.54

< 0. 001

<0. 001

N. S.

<0. 001L9

JI

s8 16. 049

LL.77 4
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results of the analyses. SiniTarly, the data obtained before 30/8/72,

when only the CW(0S) and Jetty stations were in operation, ü¡ere consistent

with the conclusions drawn. The difference in weights of grohlth between

Angas Inlet and North Arrn is illustrated in Figs. 4.1 and 4.2, which show

the weights of growth obtained on plates fron the CW(OS) and Jetty stations

during the first year of the study.

The second group for consideration conprised all stations, except

CW(NS) station, and extended over the period fron 78/7/73 to 24/4/74.

Although some observations continued after this date, 24/4/74 was the

last occasion when measurenents were taken at all of the stations. The

analyses of variance are summarized in tabLe 4.2. Once again, seasonal

differences v/ere highly significant. However, on this occasion there

were no significant differences in weights of growth between the stations.

Next, a conparison hras made of the amount of growth on plates fron

the CW(OS) and CW(NS) stations. The first analyses were conducted on

data obtained during the period 3t/t/73, when observations at the CW(NS)

station commenced, to L6/L/74. The results from the CW(NS) station were

not considered during the period fron mid-January to April, 1974, since

the bryozoan ZoobotrVonverticiLl-atum covered the frames and plates at that

tine (see later, section 4.2(b)). A sumnary of the analyses are shown in

tabLe 4.3. Differences between the two stations are statistically

significant, showing tìrat the faster current at the CW(NS) station has

increased the arnount of growth. Figs. 4.3 and 4.4 show the weights of

growth on turo-week plates fron the Ctrl(0S) and CW(NS) stations during the

second year of the study. The effect of the faster current at the CW(NS)

station can be clearly seen.

A second set of frames and plates was placed at the CW(NS) station

late in Arpil, 1974. Observations continued until l9/L2/74. After this

date, zoobc'ttrgon again covered the frames and plates. A sunmary of the

analyses of variance comparing the weights of growth at the CW(NS) and
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TabLe 4.2

Source of variation df

Sunmary of the analyses of variance conducted on the data

on weights of growth on two-week plates from all stations,

except CW(NS), over the period t8/7/73 - 24/4/74.

The data were transformed to logarithms.

(a) Total weight of growth.

Fnax(5,20) = 6.44, PcO.01,; after transformation'

Fnax(5,20) = L.93.

MS FsSS P

Location

Time

Remainder

Source of variation df

4 0.L325

18. 070

5.079

SS

0.0331

0. 9035

0. 0635

<1

14.2

N. S.

< 0. 00L20

BO

104 23.282

(b) 0rganic weights

Fmax(5,20) = 3.84, 0-01<P<0.05; after transformation,

Fnax(S,20) = 7.92

MS Fs P

Location

CW(OS) v. others

ñnongst others

Tine

Renainder

20

80

4

1

3

0.2438

0. 0013

0.2425

19.382

4.82r

0.2438

0 . 0013

0. 0808

0. 969

0.0603

1.01

<1

I.29

L6. L

N.S.

N. S.

N. S.

<0. 001

104 24.447
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Table 4.3 Surnnary of the analyses of variance on the data on weights

of growth on 2-week plates frorn the CW(OS) and CW(NS)

stations over the period from 3L/1/73 - t6/l/74.

The data were transformed to logarithns.

(a) Total weights of growth.

F(21,21) = 5.05, P'0.002; after transformation,

F(2t,2I) = 1.04.

Soutce of variation df SS MS Fs P

Place

Tine

Renainder

I 0. 638 0. 638

0. 864

0.0622

10. 3

21 18. 134 13.9

21 t.307

43 20.079

(b) Organic weights

F(21,2I) = 6.13, P<0.002; after transformation,

F(zL,2t) = I.7I

Source of variation df SS MS Fs

0.001 <P<0.005

< 0. 001

P

Place

Time

Renainder

t 0. 666

2L 20.327

2L l.7ro

0. 666

0.968

0.0814

8.17

LL.89

0.005 <P<0.01

< 0.001

43 22.703
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CW(OS) station during 1974 is shown in table 4.4. The results of the

analyses again showed that the weights of growth at the CW(NS) st.ation were

significantly greater than those at the CW(OS) station. This difference

is illustrated in Figs. 4.5 and 4.6.

Finally, the weights of growth at the Jetty station during late spring

and sumrnet of t974-75 were compared with those at the CW(OS) station

(table 4.S). It would appear that the anount of growth in Angas Inlet

during this period was greater than that at the CW(OS) station' The two

sets of data obtained fron the Outfall station (see Appendix 1(a)) are

consistent with this conclusion. The gTeater weights of grolvth at the

Jetty station over this period are illustrated in Figs. 4.5 and 4'6'

(b) Four-week plates

The first section for analysis covered the period frcn 13/9/72

to 3/1./73 anð. consisted of the CW(OS), Outfall and Jetty stations' Table

4.6 presents a srüNnary of the analyses of variance. The anatyses showed

that both total weigl"rts and organic weights of growth at the CW(0S)

station were significantly less than those at the stations in Angas Inlet'

There was no significant differencc betweetr the two stations in Angas Inlet'

Figs. 4.7 and 4.8 show the weights of growth obtained on four-week plates

from the cw(os) and Jetty stations during the first year. comparing

these diagrams with Figs. 4.I and 4.2 it appears that the differences

between the CW(OSJ and Jetty stations wer.e a little less marked on four-

week plates than on two-week plates.

Fron nid-January to mid-ApriI, 1g73, only one observation was taken

at the CW(OS) station. Hence, the results over this period provided

little information on the effects of the warned water on growth rate'

The next gloup of results extended over the cooler nonths of 1973,

fron 26/4 to 26/9, and included the CW(OS), ùrcfall, Jetty and 30R

stations. A sunmary of the analyses of variance is shown in table 4'7'

on this occasion, it was again necessary to use the method for the

special case of a missing value in a randonized block design' There was



Table 4.4

56.

Summary of the analyses of variance conducted on the data on

weights of growth on 2-week plates from the CW(OS) and

CW(NS) stations over the period fton 8/5/74 - 79/12/74.

The data were converted to logarithns.

(a) Total weights of growth.

F(15,15) = 32.7, P<0.002; after transformation,

F(15,15) = 2.1.5.

Source of variation df SS MS Fs P

Place

Time

Remainder

.9695 L1 . 3

15 .s372 6.28

15 .0856

3L LO.3120

(b) Organic weights

F(I4,t4) = 131 P<0.002; after transformation, F(14,14)

Source of variation df SS MS Fs P

1 .9695

8. 0585

L2839

0. 001<P < 0. 005

< 0. 001

2. 06

Place

Time

Remainder

74

7.7744

7 .t543

1,.109474

29 L0.0381

1 t.774

0. 511

o.0792

22.4

6.45

< 0. 001

< 0. 001
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Table 4.5

Source of variation df

surunary of the analyses of variance conducted on the data

on weights of growth on two-week plates fron the cw(os) and

Jetty stations over the period tuon 2L/ll/74 - 13/2/75'

(a) Total weights of growth.

F(414) = 21.2,0.0L<p<0.02; hence the åata ürere converted

to logaaithrns (F4,4) = 2.35) .

SS MS Fs P

Place

Time

Renainder

L

4

4

9

.s794

.227L

.0736

.s794

.0555

.0184

31.5

3. 00

Fs

<0. 005

N.S.

.8740

Source of variation df SS MS.

(b) Organic weights. F(4,4) -- 6'99'

P

Place

Time

Remainder

1

4

4

51723

33557

t2s7s

I 97255

stl23

8589

3L44

16. 3

2.67

0. 01 < P <0. 025

N. S.
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Table 4.6 Sumnary of the analyses of variance conducted on the data

on weights of growth on four-week plates from the CW(OS),

Outfall and Jetty stations over the period L3/9/72 - 3/l/lS

The data were transformed to logarithms.

(a) Total weights of growth.

Fnax (3.8) = 67.3, P<0.01; after transformation,

Fnax(3,8) = 5.05.

Source of variation df SS MS Fs P

Location

CW(0S) v. other

Outfall v. JettY

Time

Renainder

Source of variation df

)

1

L

8

0. 3300

0.2480

0. 0460

1 . 9483

r.0047

SS

0. 1 650

0.2480

0.0460

0.2435

2.63

4.52

<1

3. 88

N. S.

0. 025 <P <0. 05

N. S.

0. 01<P<0. 025

16 0. 0628

26 3.2830

(b) Organic weights.

Fmax(3,8) = 25.9' P<0.01; after transformation,

Fmax(3,8) = 5.39.

MS Fs P

Location

CW(0S) v. others

0utfa11 v. JettY

Time

Remainder

2

1

1

I

0. 7904

0.7757

0 " ùi47

2 . 0555

I.r4s9

0.3952

0.7757

0.0747

0.2569

0. 0709

5. 57

10.9

<L

3.62

0. 01 - P -0. 025

0.001- P-0. 01

N. S.

0 . 01-P=0. 025

16

26 5.9808
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TabLe 4.7 Sunmary of the analyses of variance conducted on the data

on weights of growth on four-week plates from the CW(0S),

Outfall, Jetty and 30R stations over the period from

26/4/73 - 26/s/73.

(a) I'otal weights of growth (Fmax = 2.64) .

Source of variation df SS Corr. SS MS Fs

59,

P

Location

CW(OS) v. others

Amongst others

Ti¡ne

Remainder

3

1

2

0. 0408

0.016s

0.0243

0. 12s6

0.1920

0. 0406

0.1255

0.0135

0. 0165

0.0122

0. 0114

0.006

2.26

2.74

2.03

1 .90

N. S.

N. S.

N. S.

N.S.11

32

46 0.3s84

(b) Organic weights. Fnax(4,11) = 5.72,0.01<P<0'05 :

hence data urere converted to logarithns (Frnax(4,11) = 2'II)'

Source of variation

Location

CW(OS)v. others

Anongst others

Time

Remainder

3

I

2

L1

32

0. 3075

0. 2039

0.1_056

0. 9065

0. 9616

0. 5064

0. 8898

0.702r

0.2039

0. 0518

0. 0809

0. 03005

0. 025.P=0. 05

0. 01'P-0. 025

N. S.

0. 01-P-0. 025

3.40

6.79

L.72

2.69

46 2.r756
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no significant difference in total weights of growth between stations.

However, the organic weights at CW(OS) station were significantly less

than those at the stations in Angas Inlet.

Table 4.8 shows the results of the analyses carried out on the data

from afl stations, except CW(NS) station, over the period from l0/lO/73

to 24/4/74. Again, there was a missirr¡1 value fron the randornized blocks.

In the case of total weights of grttwth, although the test for heteroscedas-

ticity provided a probability that was only on the verge of significance

at the 5% 1eve1, it was considered aclvisable to transform the data to

logarithrns. Examination of the data suggested that sone multiplic¿ttive

interaction was present. The analyses showed that differences between

stations were significant. Differences between the CW(OS) station and

the stations in Angas Inlet were significant, as were differences amongst

the Angas Inlet stations. Examination of the transformed data sug¡¡ested

that average weights of growth at the CW(OS), Outfall and Jetty stations

were similar to each other, but greater than those at the 30R and 28R

stations. In orcler to test this hypothesis it is necessary to use the

method for a ltosteriori comparisons (Sokal and Rohlf, 1969). The results

of this analyses supported the hypotheses for both total and organic

weights (table 4.9) .

The next gïoup of data for consideration consisted of the CW(0S) and

CW(NS) stations over the period ltont 14/2/73 to 16/l/74. After perusing

the data, it seemed likely that a fairly large interaction was present'

A majol paït of this interaction may be attributed to the fact that lal-ge

fluctuations in weights of growth at the CW(NS) station over spring and

sutnmer were not reflected at the CW(OS) station. Hence, transformation

of the scale would not have solved the problern. Thus, it was necessaly

to corrr[]¿ìre weights between the stations by using the Wilcoxon nt'Llched-

pairs signed-rank test. For both total and organic weights, this test

showed that the amouì1t of growth was g-rli¡jter at the CW(NS) station



Table 4.8

Source of variation df SS Corr. SS MS

summary of the analyses of variance conducted on the data

on weights on four-week plates from all stations, cxcept

CW(NS), over the period 70/10/73 - 24/4/74.

The data urere converted to logarithms.

61.

3.22.

(a) Total weights of growth.

Fmax(5,14) = 4.50; after transformation, Fmax(5,14)

Fs P

Location

CW(OS) v. others

Anongst others

Tine

Remainder

4

1

3

0.5908

0.1677

0.4232

s.316

2.0398

0. 5814

s.2425

0. 1453

0 .1677

0.1411

0.3745

0. 0571

.005-P=.01

.025<P<.05

.01<P<.025

< 0. 001

3.92

4.52

3. 80

10. 09t4

55

73 7.9466

(b) Organic weights.

Fnax(5,14) = 5.51, 0.0L<P<0'05; after transformation'

Fmax(5,14) = 3.29.

Source of variation df SS Corr.SS MS Fs P

Location

CW(OS) v. others

funongst others

Time

Renainder

4

1

3

0. 5238

0. 1380

0.3859

4.9643

1. s936

0. 5168 0.1292

0.1380

0.1246

0.3464

0. 0290

. 005 <P<0. 01

. 025 <P<0. 05

.005<P<0.01

<0.001

4 .46

4.76

4 .44

11.96T4

55

73 7.0817

4.8495



62.

Table 4.9

Conparison

Amongst Clll(0S), Outfall, JettY

Between 28R, 30R

Bethreen the tÍro groups

Critical SS

Results of the a posteriori tests extending the results

shown in table 4.8 : conparison of the group cornprising

CW(OS), Outfall and Jetty stations with the group

conprising 2BR and 30R stations.

SS(totat weights) SS(organic weights)

0.0671

0. 0582

0.46s7

0.37 40

0.0222

0.0t74

0.4843

0.2920

i

i
I

I

I
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(n = 18, T = 35, 0.01-P-0.025 in both cases). Fluctuations in the amount

of growth at the CW(NS) station were caused by predation on the hydroid

Tubularia sp. (see later', section a.2@)). Figs. 4.9 and 4.10 show the

weights of growth at the CW(OS) and CWINS) stations during the second year

of the study.

During the next year, the sane interactionbet\^Jeen the two factors

location atrd tine was not observed. The results of the analyses of

variance conducted on the data obtained cluring the period 5/7/74 to

Lg/72/74 are shohrn in table 4.10. Differences in weìghts of growth were

highly significant. For total weights, the amount of growth at the

CW(NS) station averaged five times more than that at the CIV(0S) station,

while for organi-c weights the arnount of growth was nearly eight times

greater at the CW(NS) station. The data obtained fron the CW(OS) and

CW(NS) stations during the third year are shown in Figs. 4.L1 and 4.72.

Finally, weights at the CW(OS) and Jetty stations during the surnmer

of t974-75 were compared (table 4.71). Unlike the situation with two-

week plates, it could not be concluded that any difference between the

stations was present. Differences due to the time of observation were

significant for total weights, but not for organic weights. This was

due to the fact that no data for organic weights were obtained on 2/7/ls

when the total weights were much greater than those found at any other

tine during the sutnmer.

(c) Eieht-week plates

The first secti.on for consideration consists of the observations at

the CW(OS), Outfall ancl Jetty statjo¡rs ovel the period fron IL/IO/72 to

3/1/73. For total weights, the data were heteroscedastic (Fnax(3"6) 
'1:

50.3, P.0.01) and remained so after transformation to logalithms

(Fmax(S,6) = 10.6, 0.01*P<0.05). The appropriate non-parame[ric test is

the Friednan two-way analysis of variance by ranks (siegel, 1956, p.166)'

This test provided a non-significa¡rt result ¡X21t=S, n = 7) = 4.57, P = 0.11)
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Summary of the analyses of variance conducted on the data

on weights of growth on four-week plates fron the CW(OS)

and CW(NS) stations over the period from 5/7/74 - L9/t2/74.

The data were converted to logarithns.

(a) Total weights of growth.

F(10,10) = 74.5, P<0.002; after transformation,

F(10,10) = 1.99.

Source of variation df SS MS Fs P

Location

Tine

Renainder

1 1. 9858

s. 1461

0.6465

1. 9858

0. 5L46

0.0646

30.7

7.96

< 0. 001

0. 001< P<. 0110

10

2L 7.7784

(b) Organic weights

F(10,10) = 193, P 0.002; after transformation,

F(10,10) = 2.89.

Source of variation df SS MS Fs P

Location

Tine

Remainder

1"0

3.343t

4.2479

0. B25B10

1 3.343L

0.4248

0.0826

40. 5

s.L4

< 0.001

0. 001< P <0. 01

2t 8.4168



16

2

0

Fig. 4.11,

MJJ

I

6

t,

6
=
æ.

I
I
ù-

=oÉ
(.'

l!o
t-x
I
lrl

=

ASOND
1971.

JF
197 5

Total weights of growth on 4-week plates from the

CW(OS) station during the period from May, L974 to

February, 1975 and fron the CW(NS) station over

July-December, t974.

-CW(OS) 

station

-, 

CW(NS) station



õ
=<
ÉI
-l-
=ofr
(9

l!o
t-r
I
U.J

=

5.0

2.0

r.5

1.0

0.5

0

MJJ SONDA

1971*

JF
1975

Fig. 4,L2 Organic weights of growth on 4-week plates fron the

CW(OS) station during the period from May, 1974 to

February, 1975 and on the CW(NS) station over

July-December, L974.

r- CW(OS) station



'

_q

I
l
! Tab1e 4.11

65

Surrunary of the analyses of variance conducted on the data

on weights of growth on four-week plates from the CW(OS)

and Jetty stations over the period from 4/72/Z+ - L3/2/75.

(a) Total weights of growth (F(4,4) = L.56).

Source of variation df SS MS Fs P

Location

Time

Remainder

6.225

108.078

4.762

9 119.0ó5

1

4

4

6.225

27.020

1.190

5.22

22.7

Fs

N.S.

0.001<P<0.01

P

(b) 0rganic weights (F(3,3) = 5.76)

Source of variation df SS MS

1

3

3

Location

Tine

Re¡nainder

222444.s

L54716.s

L04126.5

7 481287.s

222444

sts72

34709

6.40

L.48

N.S.

N. S.

I

I

j

l

I

I

I

i

I

I
I

I
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The results of the analysis of variance for organic weights is shown in

table 4.t2. Again, no significant differences between the stations were

evident. This contrasts with the results obtained on trvo-week and four-

week plates.

Table 4.13 shows a sunnary of the:rnalyses carried out on data col-

lected over the period from 28/3/73 to IO/L0/73 at the CW(OS), Outfall,

Jetty and 30R stations. Incomplete data obtained in late April-earLy May

(as a result of my earlier illnes) and again in July (when sorne plates

were lost) were not included in the analyses. The results of the

analyses again showed no significant differences in weights of growth

between the stations.

The next section considered the weights taken at all stations, except

CW(NS) station, over the period from 7/IL/73 - 24/4/74. The results of

the analyses are shown in table 4.14. Once again, there was a value

missing from the randonized blocks. Total weights at the CW(OS) station

$Iere greater than those at the other stations, while differences anongst

the stations in Angas Inlet were not significant. The situation with

organic weights was the reverse. However, a posteriori conparisons

cannot reveal the direction of any significant differences amongst the

stations in Angas Inlet, since the initial sum of squares was 6.676

(i.e. greater than the total sum of squares for the stations in Angas

Inlet). However, it can be said that any differences between the stations

seem unrelated to differences in tenperature : average weights of growth

at the different stations increased in the order 50R, Outfall, 2BR and

Jetty.

Finally, there were the two comparisons between the CW(0S) and

CW(NS) stations (tables 4.15 and 4.t6), the first covering the period

tuon 23/5/73 to t6/t/74 and the second tuom 2/8/74 to L9/1.2/74. In each

case, both total and organic weights at the CW(NS) station were greater

than those at the CW(OS) station. Figs. 4.!3 - 4.16 show weights of
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TabLe 4.t2 Surnmary of the analysis of variance conducted on data on

the organic weights of growth on eight-week plates f,rom

the CW(OS), Outfatl and Jetty stations over the period

from 111L0/72 - 3/L/73.

(Frnax(3,6) = 4.39).

Source of variation df SS MS Fs

al ',

P

Location

Tine

Renainder

2 0.0069

6 4.6474

12 2.0722

20 6.7205

0. 00545

0.7736

0.L727

N. S.

0.01 <P-0.025

1

4.48

'¡lil

I
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Table 4.13 Summary of the analyses of variance conducted on the data

on weights of growth on eight-week plates from the CW(OS),

Outfall, Jetty and 30R stations over the period 28/3/73 -

to/70/ 73.

The data were transforned to logarithns.

(a) Total weights of growth.

Fmax(4, L0) = l-8.6, P'0.01; after transfornation,

Fmax(4,10) = 2.32

Source of variation df SS MS Fs P

Location

Tine

Remainder

3

10

30

0.1038

7 .6L48

1. 5558

0. 0346

0.76L5

0.0519

<l

t4.67

N. S.

<0.001

43 9.27 44

(b) Organic weights.

Fnax(4,10) = L2.3, P'0.01; after transformation,

Fmax(4,10) = 2.35.

Source of variation df SS MS Fs P

Location

Tine

Renainder

3

10

30

0. 0509

5. 0555

2. t407

0. 0170

0. 5056

0.07t4

-1 N.S

7 .09 <0. 001

43 7 .247L
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Table 4.L4 Sunnary of the analyses of variance conducted on the data

on the growth on eight-week plates frorn all stations,

except CW(NS), over the period 7/LL/75 - 24/4/74.

(a) Total weights of growth. Fnax(S,L2) = 9.50, P.0.01;

hence, the data was tTansformed to logarithms

(Fnax(5,12) = 5.29)

Source of variation df SS Corr.SS MS Fs P

Location 4

CW(OS) v. others 1

Amongst others 3

Tine L2

Remainder 47

0.4225

0.2637

0.l_s8B

t.2t62

2.t22s

0.41 10

1. 1965

0.1028

0.2637

0. 0529

0. 0997

0.0452

2.28

s. 83

1.L7

2.2t

N. S.

.01.P <025

N. S.

- .025

63 3.7612

(b) Organic weights (Fnax(5,L2) = 4.11).

Source of variation df SS Corr.SS MS Fs P

Location 4

CW(OS) v. others 1

Amongst others 3

Time L2

Remainder 47

7. 109L

0. 8356

6.2735

24.3939

s|.0077

6.7678

24.L656

L.6920

.8356

2.09L2

2.0138

.6597

2.56

L.27

3.17

3. 05

N. S.

N. S.

.025.P<.05

. 001<P=. 005

63 62.sL07
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growth on eight-week plates from the CW(OS) and CW(NS) stations during the

second and third years of the study.
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Table 4.15 Surunary of the analyses of variance conducted on the data

on weights of growth on eight-week plates from the CW(OS)

and CW(NS) stations over the period 23/5/73 - L6/L/74.

The data were transformed to logarithns.

(a) Total weights of growth.

F(11,L1) = 3.56, 0.02'P'0.05; after transformation,

F(LL,11) = 1.62.

Source of variation df SS MS Fs P

Location

Time

Remainder

1

11

t1

L.5327

9. 0s37

r.27t9

r.5327

0.8237

0. 1156

t3.3

7.12

0.001<P<0.005

0. 00L - P <0. 005

23 11.8583

(b) Organic weights.

F(11,11) = 6.09, 0.002<P'0.01; after transformation,

F(11,11) = 1,.54.

Source of variation df SS MS Fs P

Location

Tine

Remainder

1

11

11

2.0539

6.8150

L.2266

2.0539

0.6194

0. 1L15

18.4

5.55

0. 00L< P <0. 005

0.001<P=0.005

23 10.0935
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Table 4.16 Sumnary of the analyses of variance conducted on the data

on weights of growth on eight-week plates from the CW(OS)

and CW(NS) stations over the period 2/8/74 - I9/L2/74.

The data were transformed to logarithns.

(a) Total weights of growth.

F(8,8) = 24.1, P'0.002; after transformation, F(8,8)

= L.32

Source of variation df SS MS Fs P

Location

Tine

Remainder

1

8

8

4.2079

3.6845

I.3403

4.2079

0.4606

0. 167s

2s.l

2.75

=0. 001

N.S.

L7 9.2327

(b) Organic weights.

F(8,8) = 47.3, P'0.002; after transformation,

F(8,8) = 1.47.

Source of variation df SS Ms Fs P

Location

Time

Remainder

L

8

B

5.478t

2.7503

1. 0103

s.478L

0.3438

0.1263

43.4

2.72

<0.001

N. S.

t7 9.2387
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4.2 Species present on the plates

It is appropriate to comnìence with three special cases, since the

presence of these species affects the rates of settlenent of other species

on the plates.

(a) The compound ascidian Leptocfinum (Lepxoclinum) ragneri

(MacDonald) .

At its peak of abundance, LeptocTinum ragneri grew extremely rapidly,

forming a thin investing layer over the surface. Colonies nerged into

each other, even on two-week plates, and hence, settle¡nent rates could not

be measured. In addition, colonies sometimes spread from the frames

onto the plates, despite efforts to keep those parts of the frame

adjacent to the plates clean. In order to quantify the occurence of

LeptocTinum, abundance was calculated as the proportion of a plate covered

by the ascidian.

The occurrence of Leptocl-inum ragneri during the first two years of

the study is shown in figs.4.I7 - 4.22. The results are listed in

appendix 2. Exanination of the diagrans suggests that seasonal differ-

ences were present. The one-sample runs test (Siegel, 1956, p.52) was

used to deternine the existence of any statistically significant differ-

ences between stations in the seasonal occurrence of -LepÈocl-inum during

the second year of the study. This test was applied by conducting a

series of pair-wise comparisons between the stations. The results of the

analyses are shown in table 4.L7. Within each comparison, each pair of

observations was assigned a plus or minus sign, according to which station

had the greater amount of Leptoclinum. Thus, in table 4.t7, n1 represents

the total number of occasions when LeptocLinum was more abundant at the

first-naned station and n, the number of tines when the ascidian was less

abundant at that station. It should be noted here that since there are

a Iatge number of separate tests shown in table 4.t7 , the chance is rather

high that at least one test nay show a significant result purely by chance
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Table 4.L7

Comparison

Results of a series of one-sample runs tests conducted on

the data on the presence of LeptocTinum ragnerì on plates

from all stations, except CW(NS), obtained over the period

fron 1./8/73 to 22/5/74.

The analyses were enployed to exanine seasonal dífferences

in occurrence.

0bserved

74.

Critical

r Significance

(5eo level) (5e" leve1)

n n I
2I

(a)

CW(0S) v Outfal1

v Jetty

v 30R

0utfa11 v Jetty

v 30R

Jetty v 30R

Two-week plates (not including 28R station).

8

8

8

5

5

3

?

2

2

6

4

5

2

4

5

3

3

3

Yes

Yes

Yes

No

No

No

Yes

Yes

Yes

No

No

No

No

23

cw(0S) v

v

v

v

Outfall v

v

v

Jetty v

v

30R v

(b)

Outfall

Jetty

30R

2BR

Jetty

50R

28R

30R

28R

28R

Four-week plates

10

9

9

B

4

4

5

4

5

I

4

5

7

5

3

8

1

8

2

')

3

J

4

3

)

)

)

4

J5

No

No55

No
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TabLe 4.L7 (cont.) (c) 8-week plates

Conparison nl n2

Observed Critical

rT

(5ø" tevel)

Significance

(5øo level)

CW(OS) v 0utfa11

v Jetty

v 30R

v 2BR

û.rtfal1 v Jetty

v 50R

v 28R

Jetty v 30R

v 28R

30R v 28R

5

4

4

J

2

2

2

2

2

2

4

2

4

8

7

6

4

3

4

6

10

9

6

6

5

3

4

2

4

5

7

7

10

6

5

10

5

10

5

4

Yes

Yes

Yes

No

No

No

No

No

No

No
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or vice-versa. Hence, it is the general trend of the tests taken as a

whole that is the more crucial factor rather than the results of the

individual tests.

During the auturnn of \973, Leptoclinum was present in moderate

amounts at the Outfall and 30R stations and was present virtually

throughout the winter although usually in very small guantities. Hcnce,

it was inappropriate to try to deternine at what point the autumn

breeding season ended at these stations and the spring season began.

There were some occasions when .LeptocLinum was present, but in

insufficient amounts to be recorded as a percentage of the plate covered.

Such data (denoted as x in appendix 2) were not included in the analyses.

For two-week plates, data frolì the 28R station were not included

in the analysis, since LeptocTinum was comparatively rare : n2 was

either 0 or L and hence, a runs test could not be applied. Data from

the CW(NS) station were also excluded from the analyses (see sections

4.2(b) and (c) ) .

The analyses showed that seasonal differences v'/ere evident between

the CW(OS) stations and all stations .Ln Angas Inlet, except 281ì station.

LeptocTinurn was abundant in Angas Inlet frorn mid-spring until mid-summer.

The ascidian disappeared frorn the Outfall and Jetty stations when water

tenperatures reached their sunmer peak, but at the 30R and 28R st¿rtions

it remained abundant on eight-week plates until the end of summer. Since

only very small amounts were found on two-week and four-week plates fron

Angas Inlet after mid-January, it would appear that breeding had virtually

ceased after that date. However, colonies present at the 28R and 30ll

stations at that tirne managed to survive and grow, whereas those colonies

at the Jetty and Outfall stations died out.

At the Cltl(0S) station, LeptocTinum did not appear in any abunclance

until early sunmer but remained noderately abundant until well j,¡tLo

autunn. Thus, it would appear that the warmed r4rater advanced the
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breeding season of Leptocl-inum at the Outfa1l, Jetty and 30R stations but

the water apparently became too hot in mid-sumner. Since no significant

seasonal differences were found between the 28R station and the other

stations, the situation there may be intermediate between those at the

other stations in Angas Inlet and that at the cw(os) station.

The results during the first year were generally consistent with

those of the second year. LeptocTinum was abundant in Angas Inlet fron

nid-spring to mid-srùnmer. However, thc picture in North Arm was

confused, since the gaps in the data from the CW(OS) station coincided

with the period from rnid-sunmer to autumn i.e. that period when, based on

the results of the second year, one may have expected .teptocl-inum to have

been abundant. During the third year, LeptocTinum r¡ias comparativeJy

rare on two-week plates. However, the results from four- and eight-week

plates showed a similar trend to those of the previous year.

LeptocJinum may interfere with the settlement and survival of other

sessile anirnals in two ways. Fì.rstly, the presence of the conpound

ascidian renders that part of the surface covered by the colony unsuitable

for the settlement of other larvae. In addition, colonies may smother

other animals already present on the plates, and this would be expected to

kil1 then. The results have shown that the seasonal abundance of

Leptoclinum varied between stations. Hence, interpretation of the rates

of settlement of other species, in relation to the effects of thermal

effluent, may be complicated by the presence of LeptocTinum. On two-week

plates, in addition to providing a surf¿,ice on which other larvae could not

settle, an advancing colony seemed to be capable of cornpletely smothering

all recently settled animals in its path. Thus, one could allow for the

presence of Leptocfinum by considering the numbers of settlements in

relation to the area of the plate not covered by the ascidian. This was

achieved by calculating an expected number of setl-lements per plate, which

is that number of settlements which would have been observed if
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Leptoclinum had not been present and the same rate of settlements per tnit

area had been observed. Thus, the expected number of settlements was

calculated according to the following formula:

Expected no. = Actual no. x Total area

Area free of LeptocTinum

On four-week and eight-week plates, the colonies of Leptocl,inum were

not all^Jays able to snother other aninals, since these had grown to a larger

size. Hence, the same allowance for the presence of Leptoclinum could not

be nade.

b) The bryozoan zoobotrgon vertieil.Latum (Del1a Chiaji)(

Macroscopically, a colony of. Zoobotrgon verticiTl-atum consists of a

large mass of long branching gelatinous threads. Wood and Allen (1958)

state that when a piece is broken from the palent colony, it will go on

living and, on contact with another object, will attach and continue

growth. Similarly, strands still connected to the parent colony may

attach to other objects. Thus, a colony may spread from one substrate

to another even when the different substrates are not in contact with

each other. In this way, a colony, although attaching at one point, mâY

extend conpletely over a set of frames and plates.

At times, the amount of growth on a set of franes and plates vtas

so great that the franes and plates could not be seen through the grol4tth.

At these times, strands of the colonies were attached to all of the plates

and over the franes. Abundance of zoobotr7on was assessed using a scale

of 0 - 5, according to the total amount of growth present on a set of

frames and plates. In this scale of growth, five represented the

situation where the franes and plates were completely covered and could

not be seen beneath the rnass of glohIth.

The occurrence of Zoobotrgon is shown in table 4.18. During the

lgTS-74 season, no zoobotrgon was found at the CW(0S), Outfall and Jetty

stations, while none was found at the Outfall and Jetty stations during

:;¡e t974-75 season. The results during the last two seasons showed that
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Table 4.18

Date of

examination

The occurrence of. Zoobotrgon verticiTTatum on the sets of

frames and plates. Abundance is expressed using a scale

0 - 5, where 5 represents naxinum abundance.

x denotes a very small amount was present.

(a) Summer - auttDnn, t972-73.

CW(OS) CW(NS) outfall Jetty 30R

20/ L2/72

3/ L/73

t7 /t
3r/L

14/2

28/2

L4/ s

28/ 3

LLl 4

Date of

exanination

L

x

4

4

3

0

0

X

2

x

1

X

x

x

x

X

0

0

0

X

0

No dataNo data

0

0

No data

No

0 No data

0

(b) Summer - autumn, 7973-74.

cl\l(NS) 30R 28R

data

0

2

x

X

0

x

X

16/ L/ 74

3L/ 7

L3/2

27 /2

L3/3

27/3

r0/ 4

24/ 4

0

1

1

x

0

0

0

0

x

3

2

2

2

1

X

0

X

1

4

5

5

5

5

1
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Table 4.18 (cont.)

Date of

Exanination cI{I(NS) 30R 28R

8/ s/7 4

22/S

? No data

No data

cltl(NS)

0

No data4

(c) Surnmer, L974-75

Date of

Exanination cll¡(0s)

Ls/L2/74

2/ L/7s

L6/t

30/L

L3/2

27 /2

X

5

5

5

5

r̂
)

0

x

x

)

2

x
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zoobotrgon thrived at the CW(NS) station, presumably favoured by the

turbulent water there. This conclusion was supported by casual

observations on the presence of zoobotrgo¡ in the vicinity of the

cooling water intakes. Zoobotrgon could be seen growing in great

profusion on those parts of the concrete walls imrnediate'Iy adjacent to

the inlet of the pump chanbers, but was absent from other areas of the

intake structure. Colonies appeared in early sunmer and disappeared in

the latter part of autumn. Colonies usually reached a length of about

one metre.

The results during the first season appear, at first sight, to

contradict those of the next two seasons, since Zoobotrgon was not found

at the CW(NS) station but was present at the other stations. However, as

in the next tulo seasons, it was abundant on the walls of the intake

structure adjacent to the inlet of the pump chanbers. One could explain

the absence of Zoobotrgon from the frames and plates if the bryozoan was

unable to colonize freshly innersed frames and plates. Before the gap in

the observations llate February and March) the frames at the CW(NS)

station had been immersed for only four weeks. They then disappeared and

were not replaced until the grohring season of Zoobotryon was nearing its

conclusion.

zoobotrgon was less abundant in Angas Inlet than at the CW(NS)

station, but this can probably be attributed to slower water currents in

Angas fnlet, compared with the currents at the CI,{(NS) station. Within

Angas Inlet, there was no clear relationship between the distribution of

zoobotrgon and the distribution of the warmed watel.

(c) The hydroíd rubul-aria sp.

The presence of Tubularia on two-week plates during each of the three

years of the study is shown in Figs. 4.23 - 4.25. The results for the 30R

station are not shown since only a very small number of settlelnents were

observed there. The cornplete results are listed in appendix 3. In

general, the number of colonies on a two-week plate was equal to, or
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slightly less than, the nurnber of settlements. Since the rate of growth

nay be rapid, particulally at the CW(NS) station, sone colonies on two-

week plates may merge into each other. 0n occasions, one could recognize

that a group of polyps had resulted fron the combination of two or rnore

settlements but have been sr:eired as only one colony. In general, such

cases would have been few in number, except during the periods of greatest

settlement at the CW(NS) station. At these times, the rates of settlenent

were so great that maDy colonies had merged into each other forming one or

two 'rrnacro-coloniesrr on a plate, together with a number of smaller

colonies. In such cases, it was irnpossible to determine the nunrber of

settlenents that had resulted in a macro-colony. The data were then

listed as many (appendix 3) and shown as 200 colonies per plate in figs.

2.24 and 2.25. This figure of 200 represents the probable minimum number

of settlements. 0n four-week and eight-week plates fron the CW(NS)

station, colonies had usually rnerged into each other, forming large

aggregations of polyps. Hence, it was not feasible to count inclividual

colonies.

The data from the CW(0S), 0utfa11 and Jetty stations over the period

from 30/8/72 - 6/12/72 were analysed to compare differences in rates of

settlement between stations using the Friedman two-way analysis of

variance by ranks (heterogeneity of variances was clearly evident in the

data). This test showed that differences were statistically significant
')

(X'(k=3,n=8) = 10.6, 0.0024 <P<0.00481. The numbers of settlements in

Angas Inlet were greater than those at the CW(OS) station. The results

obtained before 30/8/72, when only the Clll(0S) and Jetty stations were in

operation, were consistent with thís conclusion. Thus, the first data

on settlement rates suggested that TubuLaria was favoured by the warrned

water in Angas Inlet (Fig. 4.23).

However, after the observations at the CW(NS) station commenced it

became clear that the rates of settlemeill- at the cw(Ns) station were much
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greater than those at the CW(OS) station. Hence, TubuLaria appeared do

have been favoured to a considerable extent by the turbulent r^Iater.

Growth rates at the CW(NS) station were extTemely rapid. Colonies up to

three cn in height were found on two-week plates, up to 6 cm on four-week

plates and B cm on eight-week plates. on a few occasions, polyps with

nature gonophores were present on two-week plates and such polyps were

usually abundant on four-week and eight-week plates.

Most of the larvae which originate fron the colonies of Tubul-aria

growirg-adjacent to the cooling urater intake, and which do not settle

irunediately, will be dravrn into the cooling water ducts and thence into

Angas Inlet. Since Tubul-aria is more abundant in the v:icinity of the

cooling water intake than elsewhere, it follows that the concentîation

of larvae nay be greater in the areas of Angas rnlet near the cooling

water outlet, i.e. near the 0utfa11 and Jetty stations, than in nany areas

of North Arn. Hence, if the larvae hrere not killed on passage through

the power plant and could survive in the warmer uJater of Angas Inlet,

rates of settlement at the 0utfa11 and Jetty stations may be greater than

those at the CW(OS) station. This consideration may account for the

greater rate of settlement at the Outfall and Jetty stations during the

period from June to early December 1972, since one could presume that

TubuLaria would iiave been abundant in the vicinity of the cooling water

intake at that tine. However, this does not necessarily mean that

TubuTaria was favoured by the warmer r^Jater in Angas Intet.

In fact, o'ther considerations suggest that Tu.buLar:i,a was placed at a

disadvantage by the warmed water. All of the colonies that appeared at

the CW(OS) and 2BR stations developed normally. The same applied to those

colonies at the Jetty station during June-August, 1,972. However, all

colonies that appeared at the Outfal1, Jetty and 30R stations from

September, L972, onwards were stunted in appearance. The colonies

reached only about 1 cn in height and the polyps were snall and

degenerative.
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The data from all stations, except the CW(NS) station, during the

period tO/LO/73 - 16/L/74 were analysed using the Friedman two-uray

analysis of variance by ranks. On this occasion, there v/ere no

significant differences between stations (Xi = 2.43), unlike the situation

during the previous settlement season when ?ubularia was more abundant at

the Outfal1 and Jetty stations. If Tubularia was adversely affected by

the warmed water, as suggested above, this difference in results between

L972 and L973 may be correlated ü¡ith the differences in water temperatures

between the two years. During winter and spring of 1973, both the

temperatures of the water in North Arn and the ternperature elevation of

the water on passage through the power station üiere greater than for the

corresponding period of L972. Hence, it nay be expected that fewer

larvae of Tubularia would have survived on passage through the power plant

and been capable of settling in Angas Inlet in 1973 compared with 7972.

However, this explanation, although fitting the results, is rather

speculative. It may just be tha1c TubuLaria Ì{as even more abundant in the

vicinity of the cooling water intake ín 7972 than in 1973.

From late winter to nid-sumner, colonies of Tubularia covered the

frames at the CW(NS) station to a height of 8 cm. Many of the larvae of

other species which approached the set of frames nay have been consumed by

the polyps or have failed to find the plates beneath the enshrouding

growth. Similarly, when Zoobotrgon was abundant, from urid-sunmer to

autunn, it is likely that most larvae of other species would have been

unable to find the plates. Hence, when fu.buTaria or zoobotrgon were

abundant, i.e. most of the year at the CW(NS) station, settlement of

other species would have been inhibited. Thus, the results on the

abundance of other species at the CW(NS) station will generally not be

considered in detail, except in'bhe case of one species of amphipod

which was abundant despite the presence of Tubularia.
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(d) An endoproct (which is probably) Loxosomell-a kefersteini.

This species was present as small single polyps up to 1 mn in total

length, although nost individuals were only about I mm in length. It

reproduces asexually by forning small lateral buds which separate off to

form small polyps (Borradaile et aJ,. , 1967) . These lateral buds could

clearly be seen on the polyps present on the plates. It would seen likely

that the polyps will attach soon after they have been budded off frorn their

parents.

Presence of LoxosomeJla on two-week plates during the first year is

shown in fig. 4,26. Settlement rates during the second and third years

were very low. The conplete results are listed in appendix 4. It was

decided not to attenpt to record the nu¡nbers present on four.week and

eight-week plates. Since the polyps were difficult to perceive amongst

other growth as a result of their snall size, the tirne which would have

been required to count the nunbers present on longer term plates was the

critical factor in naking this decision.

The gaps in the observations complicated the interpretation of the

results to some extent. However, it would appear that settlement at the

CW(OS) station commenced in late spring, reached a peak in late sun¡ner and

declined over autunn. At the Jetty station, settlement conmenced earlier

but had almost ceased by early su¡nmer. The rate of settlenent remained

low during sunmer, presumably because the water was too hot to encourage

breeding, but as the water cooled in ¡¿utunn, a second period of

reproduction commenced. The one-sanple runs test confirmed that these

apparent seasonal differences in occurrence of. Leptoclinum wete

statistically significant (tl=5, nr=L}, observed r=3, critical r=3).

Although the results fron the 30R station were inconplete, as a result of

the later start there, it would appear that the seasonal occurrence htas

similar to that at the Jetty station.
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In view of the seasonal differences in the occurrence of LoxosomeTTa,

it was necessary to use non-par¿ilnetric methods of analysis when examining

the data for differences in abundance between stations. The Friednan

tr^Io-way analysis of variance by ranks was applied to the data from the

Cltl(os), Outfall and Jetty stations over the period fuon 27/9/72 to

20/6/73 and showed that significant differences in abundance were present
)(X; = 14.2, P.0.001). Pair-wise comparisons between stations were then

madeby using the Wilcoxon matched-pairs signed-rank test. There were

no significant differences between the CW(0S) and Jetty stations

(n = 15, T = 46%) but LoxosomeLJ.a was less abundant at the Outfall station

than at the other two stations (for CW(OS) v Outfall, n = 8, T = 0,

P-0.01; for Jctty v 0utfa11, fl = L5, T = 2, P<0.0L).

The results have shown that the timing of the settlenent season of

LoxosomeT-Z,a was altered in Angas Inlet under the influence of the warrned

water. In addition, the results suggested that, during the summer, the

water became too hot to allow the survival of Loxosomel-J.a in Angas Inlet

near the 0utfa11 Station. If LoxosomeLJa was able to survive at the

0utfa11 station during sunmer, a greater rate of settlement should have

been observed there, with a seasonal pattern of distribution similar to

that found at the Jetty station.

If a species is killed by the hot water in all or part of Angas Inlet

during sunmer, recolonization nay be possible during the cooler months of

the year. However, recolonization may be more difficult at the Outfall

station than at the other stations in Angas Inlet. Recoloni.zing larvae

nay come from two soul'ces. Firstly, they may come from the North Ar¡n

and pass through the power plant. However, the survival rate may be low

after passage through the power plant. Hence, as a source of recoloniz-

ing larvae, the North Arn (via the power plant) nay be of minor signifi-

cance. This would apply especially to speci-es, Ilke zoxosomeLl-a, which

breed during the sumrner in the North Arn. SecondJ.y, larvae may be
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carried up Angas rnlet in a westerly direction on a rising tide.
However, very few larvae are likely to reach the outfall station in this
wãY, since the tidal currents in the vicinity of the cooling water outlet
are very slow and would generally be masked by the flow of rtrater from the

por{er station.

Hence, although a species which is killed in certain areas (or all)
of Angas Inlet during the summeï nay return during the cooler months of
the year, such recolonization may be limited at the outfall station.
This appears to be the case with LoxosomeJ-l_a.

(e) The bryozoan watersipota subovoidea (drOrbisny)

The conplete data on the pïesence of. watersipora on two-week, four-
week and eight-week plates are shown in appendix 5. The colonies of
watersipota are encrusting. As a result of its patterl¡ of growth,

watersipora is liable to be snothered by other species on longer term

plates, while smaller coloni-es nay be covered by larger colonies.

Hence, on eight-week plates, it was sometirnes inpractical to record the

number of colonies present. If competition for space with other species

was of minor significance, a few large colonies of ú,tatersipora were found,

while if the amount of conpetition was great, a few sma1l patches would

be seen amongst the other growth. rn both such cases, abundance was

expressed as the total area of the plate covered..

Fig. 4.27 and 4.28 show the abundance of watersipora subovo-idea on

two-week and four-week plates from all stations (except CW(NS) station)
during the period June, 1973 to May, rg74. sone spasmodic settlement

extended over spring, srrlruner and autumn. seasonal differences in

settlement rates between the stations appeared to be present. The

statistical significance of the differences was examined by conducting a

series of one-sanple runs tests on a1I possible pair-wise comparisons

between stations (table 4.1-9). These tests were conducted on the data

obtained over rhe period L0/IO/75 - 22/S/74.
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Table 4.19

Comparison

88.

Results of a series of one-sanple runs tests conducted on

the data on the presence of ¡Iatersipora subovoidea on plates

fron all stations, except CIV(NS), obtained over the period

frorn 1.0/10/73 - 22/5/74. The analyses were enptoyed to

examine seasonal differences in occurrence.

t1 n2 Observed Critical

I

(5% level)

Significance

(5% level)

r

CW(0S) v

v

v

V

Outfall v

v

v

Jetty v

v

30R v

(a)

Outfal 1

Jetty

30R

2BR

Jetty

30R

2BR

30R

2BR

28R

Two-week plates

11 6

88

86

39

s7
68

5 1,0

77

78

3t2

4

4

3

2

3

3

3

3

4

2

2

3

2

5

4

2

2

4

2

2

Yes

Yes

Yes

No

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

No

Yes

Yes

(b) Four-week plates

CW(0S) v 0utfa11 10 7

v Jetty 7 I

v50R 4 L0

v2BR 2 t2

OutfallvJetty 5 10

v50R 5 10

v28R 5 11

5

4

3

2

3

3

4

3

2

4

5

6

2

t
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Tab1e 4.19 (cont.)

Conparison t1 nZ Observed Critical Significance

rr

Jetty v 30R

v 28R

30R v 28R

3

3

J

2

4

4

6

B

8

7

6

4

Yes

No

No



90

Fron the results of the analyses, the following conclusions can be

nade. At the CW(OS) station, the nain breeding season extended over the

period fron mid-sumiler to the end of autumn. In Angas Inlet near the

cooling water outlet, the main season of settlement was earlier than that

in North Arm, covering the period from early spring to early sunner. In

the remaining areas of Angas Inlet, settlement was observed at successive-

ly later tirnes as the distance from the cooling r^¡ater outlet increased

unti1, at the 28R station, the breeding season corresponded with that at

the CW(OS) station. 0n eight-week plates, ttatersipora showed the sane

pattern of occurrence (see appendix 5).

The Friednan test was applied to the data frorn all stations, except

the CW(NS) station, obtained during the period LO/L0/73 to 24/4/74, wíttr

the ain of cornparing the rates of settlement at the different stations.

This test showed that differences were not statistically significant (for

two-week plates, *1 = 3.37; for four-week plates, *1 = 0.46).

Duri.ng the first year, watersipora Ì{as much rarer than was the case

during the second year. However, although the number of settlements was

sna1l, settlements appeared to follow the same seasonal pattern. The

rì¡rta obtained during the third year provided no new information.

(f) The bryozoan Bugul-a avicul-aría (L).

The data on the presence of. Bugula avicularia are listed in appendix

6.

Figs. 4.29 and 4.30 show the presence of B. avicul-aria on four-week

and eight-week plates during the second year of the study. During this

period, the bryozoan hras rare on two-week plates and on plates fron the

0utfa11 and 2BR stations. However, the apparent scarcity at the 28R

station nay be principally caused by the later start to the observation-s

there : settlement at the other stations in Angas Inlet had alnost ceased

when observations at the 28R station commenced.
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At the Jetty and 30R stations, most settlenents were observed

during winter and spring, while at the CIV(OS) station, colonies were

found on the plates from mid-spring through sunmer and autumn. A series

of one-sample runs tests were conducted to determine if these apparent

seasonal differences were st¿rtistically significant. The results of the

analyses are shown in table 4.20 and confirmed the presence of seasonal

differences.

Friednan tests were conducted on the data obtained during the second

year fron the CW(OS),Outfall, Jetty and 30R stations to compare the

rates of settlernent between the stations. Overal1, differences vlere

not statistically significant on four-week plates (X? = 5.82) but were

significant on eight-week plates $? = Ll.3, 0.01<P<0.02). In order

to clarify the situation, a series of Wilcoxon tests were conducted

(table 4.2I). The results showed that B. avicul-aria was less abundant

at the Outfall station than at the CIV(OS), Jetty and 30R stations. In

addition, there were sigt-rificantly fewer colonies on eight-week plates

from the Jetty station than from the Cltt(OS) station.

The same explanation that was used to account for differences

between the stations in the abundance of LoxosomeTLa (section 4.2(d))

nay also be invoked here. Thus, it would aplrcar that most colonies in

the vicinity of the cool.ing water outlet were killed during the summer

months. Although it would have been possible for such areas to have

been recolonized when the temperature was favourable, recolonization may

be of linited extent, as discussed 1n section 4.2(d).

The presence of B. avicularja on two-week, four-week and eight-week

plates during the first year of the study is shown in figs.4.3I-4.33.

Seasonal differences in occurlence between stations were less evident

than during the second year. However, at the CW('OS) station, most

settlements were observed in late spring and summer, while few settlements

were observed during sr;rnmer in Angas Inlet.
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the data on the presence of nuçiu7a avÍcuTaria on plates

from the CW(OS), Jetty and 30R stations obtained during

the second year. The analyses were conducted to exa¡nine

seasonal differences in occurrence.

Conparison 11 nZ Observed Critical Significance
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rT

4

3

3

i

I
I

I
I

I

I

l

:

CW(OS) v Jetty
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(a) Four-week plates.

964

843

756

Yes

Yes

No

Yes

Yes

No
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Jetty v50R 4 3

5

4

l

I

I

I

I

.'-,

...,
.1

,'
:i'l
.l

j,]
--i

t



I

!

:

i

I
I
j

I

;

¡

I
.1

I

I
I

I

i
¡

-!

I

.

tl

Table 4.2L

Conparison

93.

Results of a series of Wilcoxon matched-pair$ signed-rank

tests conducted on the data on the presence of Bugula

avÍcularia on plates from the CW(OS), Outfall, Jetty and

30R stations obtained during the second year. The analyses

were employed to examine differences in abundance.

n PT

:

I

(a)

CW(OS) v 0utfa11

v Jetty

v 50R

Outfall v Jetty

v 50R

Jetty v 30R

(b)

Cltl(0S) v Outfall

v JettY

v 50R

Outfall v JettY

v 30R

Jetty v 30R

Four-week plates.

10

15

t2

7

7

L3

Eight-week plates.

t7

20

t7

I

7

7

0

35

18

0

0

34

2

37

38

0

2Lz

L3

<0.01

N.S.

N.S.

0.02<P<0.05

0.02<P<0.05

N. S.

<0.01

<0.0L

N.S.

<0. 01

N.S.

N.S.

I
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Greater numbers of settlements were observed at the CW(0S) station

than in Angas Inlet. However, when the results from two-week, four-week

and eight-week plates vrere analysed using the Friednan test, none of the

analyses produced a significant result (two-week plates, x2(k = 3, n = B) =

5.25; four-week plates, X2(k = 3, n = B) = 3.25; eight-week plates,
)*i. = 5,77). Nevertheless, since the results from the different series of

exposures vüere consistent with each other, it seems unlikely that the

differences were caused by chance alone. In addition, it would appear

that the gaps in the observations occurred during the breeding season of

B. avicularia at the CW(OS) station.

The results during the third year of the study were consistent with

those fron the second year.

(g) The bryozoan BuguLa neritina (L).

Bugula neritina appeared only occasionally on the plates until autumn

of 1973. It was then present on four-week and eight-week plates at one or

nole stations until the end of May, 1974 (see appendix 7). Figs. 4.34 and

4.35 show the presence of B. neritina on four-week and eight-week plates

from the CW(OS), Jetty and 30R:,tations during this period. The bryozoan

was rare at the Outfall and 2BR st;rtions.

A series of one-sample runs tests were conducted on the data, as some

seasonal differences in abundance appeared to be present (table 4.22).

The results confirmed that seasonal differences were present, with most

settlements in Angas Inlet being found during the cooler months, while

most in the North Arm were ol¡served during the warmer months. However,

the conparison between the CW(OS) and Jetty stations for four-week plates

did not produce a sigr-rificant result.

The relative abundance of B. neritina at the different stations was

examined initially by conduc-.ting Friedman tests on the results from the

cw(os), outfall, Jetty ancl 30t{ stations obtained over the period

26/4/73 - 24/4/74. The clata from the 28R station was not included in the
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Table 4.22 Results of a series of one-sanple runs tests conducted on

the data on the presence of BuguLa nerÍtìna on plates from

the CW(OS), Jetty and OutfalL stations obtained over the

period 26/4/73 - 22/5/74. The analyses were enployed to

conpare seasonal differences.

Comparison tl n2 Observed r Critical r Significance

(a) Four-week plates:

CW(OS) vJetty 7 L4

v30R I 16

Jetty v 50R L2 I

(b) Eight-week plates.

CW(OS) v Jetty 10 15 s

v30R 11 11 2

Jetty v 30R 1.2 I t2

5

6

6

8

4

8

No

Yes

No

Yes

Yes

No

7

7

6
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tests in view of the later start to the observations there. Significant

differences in abundance between stations were evident on both four-week

and eight-week plates (four-week plates , *? = 'J.g.7, P < 0.001; eight-week
)plates, Xá = ú.9, P<0.001-). The situation was exanined in greater

detail by conducting a series of Wilcoxon tests on the data (table 4.23) .

The results showed that B. neritÍna was less conmon at the 0utfa11 station

than at the other stations. This type of distribution was similar to

that observed for LoxosomeTLa kefersteini and BuguLa avicul-aria (sections

4.2(d) and (f), where it was discussed in some detail.

Although observations at the 28R station started later than at the

other stations, inspection of the data suggested t}i.at B. neritìna was less

abundant there than at the CW(OS), Jetty and 30R stations. No explanation

for this difference (if it is significant) presents itself. The data

obtained during the third year provided no new inforrnation.

(h) The sinple ascidian Ciona intestína-Zis L.

The conplete data on the presence of Ciona intestinafjs are listed in

appendix B. Figs.4.36 - 4.38 sunnarize the picture during the first

year. Ciona was very rare at the Outfatl and 30R stations during this

period. However, its rarity at the 30R station r,¡as probably a result of

the late start to the observations at that station. The appropriate

nethod of analysis for examining differences in settlenents on two-week

plates was the Friedman two-way analysis of variance by ranks. This test

was conducted on the data from the CW(OS), Outfall and Jetty stations

obtained over the period 30/S/72 - 26/4/7'3 and revealed a statistically

significant difference in the rates of scttlenent between the stations
)

(Y'; = !7.8, P<0.001). The Wilcoxon test showed that the numbers of

settlements were greater at the CW(OS) station than at the other stations

(forCW(OS) vOutfall, n - L4, T= 0, P'0.01; forCW(OS) vJetty, n=L4,

T = 9Lz, P <0.01-). In addition, there were significantly greater

settlenents at the Jetty station than at the Outfall station (n = 7,

T = 0, 0.01<P<0.02).
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Table 4.23

Comparison

Results of a series of Wilcoxon matched-pairs signed-rank

tests conducted on the data on the presence of BuguLa

neritina on plates fron the CW(OS), Outfall, Jetty and 30R

stations obtained over the period 26/4/73 - 22/5/74. The

analyses were employed to examine differences in abundance.

n PT

(a)

CW(0S) v outfal1

v Jetty

v 30R

Outfal1 v Jetty

v 50R

Jetty v 30R

Four-week plates

16

2t

24

20

L8

2L

4

632

739,

0

0

89

7S'

Lrs4

101

0

0

8L

-0. 01

N.S.

N. S.

<0. 01

-0. 01

N.S.

(b)

CW(0S) v Outfall

v Jetty

v 30R

Outfall v Jetty

v 30R

Jetty v 30R

Eight-week plates

20

2S

22

20

L6

20

<0.01

N.S.

N.S.

<0. 01

-0. 01

N.S.



U.J
t-

J
o-

É,
lrJ
fL

UI
J
f,o

=oz.

lI
c)

e.
UJ
ct

)z

50

25

25

0

25

0

cw (0s)

Jetty

0utfat,t

0

T---T--
MAAJJ S

1972

ONDJFM
197 3

Fig. 4.36 Presence of the simple ascidian ciona intestina-Zis on

z-week plates over the period from June, !g72 to May,

1973.



150
cw (0s)

Jetty

0

u-l
F.

J
fL

u.
uJ
È
Ø
J

:)I
Ioz
Iro
É,
UJ

m

=f

100

50

50

E

0

JJA ON D

I I ---r'-'
MAM

1 973

s

1972

FJ

Fig. 4.37 Presence of the simple ascidian Ciona íntestinalis on

4-week plates fron the CW(OS) and Jetty stations over

the period from June, L972 to May, 7973.



LrJ
F.

J
fL

É
UJ
fL

an
J

fo

o
z.

lJ-o
É.
tJJ
m
2
f
z.

0

50

50

Fie. 4.38

cw (0s)

Jetty

0

MS ONDJF
1972

r -"r' I

MA
1 973

Presence of the sinple ascidian ciona

intest,inalis on 8-week plates from the

CW(OS) and Jetty stations over the period

fron Septernber, 1-972 to May, 1973.

I

I

;

I
I

I

I

I

I
I

I

I



98.

The data fron four-week arrd eight-week plates v/eïe consistent with

those from two-week plates. However, at the time when ciona was at j-ts

greatest abundance at the clll(os) station, the conpound ascidian

LeptocTinum tagneri (section 4.2 (a)) was at its peak of abundance at the

Jetty station. Although Leptocrinum appears unable to snother. o:stablish-

ed individuals of ciona, sma11 individuaLs are likely to succumb. Hence

the difference in numbers between the CW(OS) and Jetty stations on four-

week and eight-week plates nay have been accentuated by the abundance of
LeptocJinum at the Jetty station.

During the second year, the rate of settlement of ciona on two-week

plates was very low. There did not appear to be any differences in
abundance between the stations. Figs. 4.39 and,4.40 show the presence

of ciona on four-week and eight-week plates during the second, yeat.

There appeared to be seasonal differences in the main periods of occur-

rence. Accordingly, a number of one-sample runs tests were conducted to

determine the significance of any seasonal differences. The results are

shown in table 4.24 and confirm that differences between the CW(OS) and

Jetty statíons were statistically significant, with the main period of
occurrence being found earlier at the Jetty station. The differences

between the CW(0S) and 30R stations r^/ere not statistically significant.
However, if the results fron both four-week and eight-week plates were

taken as a whole, it would seen that the period of greatest abundance at

the 30R station was also ç¿rrLier tharr rhat at the CW(OS) station. Hence,

the results suggest that the breeding season of ciona in Angas rnlet
occurred earlier than in the North Arm. The water irr Angas rnlet
apparently became too hot to allow breeding during su¡nmer. Although,

the observations at the 28R station started later and were inteffupted

during the early stages, the data were consistent with the ger-reral

pattern of occurrence.
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Table 4.24

Conparison

Results of one-sample runs tests conducted on the data on

the presence of Cìona intestinaljs on four-week and eight-week

plates frorn the CW(OS), Jetty and 30R stations over the

period 7/8/73 - 2215/74. The analyses were employed to

exanine seasonal differences.

n n2 r Critical r Significance
1

3

3

2

5

'i

I

¡

I

I

(a) Four-week plates.

CW(OS)vJetty 6 B

v30R 11 4

JettyvSOR I 2

(b) Eight-week plates.

CW(OS) v Jetty 14 7

v30R L4 2

Jetty v30R I 2

Yes

No

Yes

No

No

No

5

2

2

J
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Since seasonal differences between stations were observed, the

appropriate methods of analysis ì-n exanining differences in abundance

were non-parametric. The Friedman test was used to examine overall

differences between the CW(OS),Outfal1, Jetty and 30R stations over the

period from August, 1973 to April , I974. Differences between stations

were significant for both four-week and eight-week plates (for four-week
)tplates Xl = 14.5, 0.001'P'0.01; for eight-week plates Xl = 18.6,'5ó

P<0.001). In order to examine the direction of these differences, a

series of pair-wise comparisons between stations were ntade, using the

Wilcoxon test. The results of these analyses are shown in table 4.25.

Nearly all comparisons involving the Outfall station were statistically

significant, Ciona being very rare at the Outfall station. Ciona was

also less abundant at the 30R station than at the CW(OS) and Jetty

stations. There were no significant differences in abundancc between

the CW(0S) and Jetty stations.

The fact that Ciona was very rare at the Outfall station suggests

that the water near the cooling water outlet was too ilot- cluring sumner to

allow the survival of Ciona. Such a situation u/as discussed in greater

detail in section 4.2(d). However, there seems no ready explanation for

the smaller numbers found at the 30R station compaled with the Jetty

station.

Those results obtained during the third year suggested that rates of

settlement at the Jetty station were lower than those at the Clll(OS)

station. However, this apparent ditference may sinply be a result of

seasonal differences sinilar to those ob..;erved in the previous yeal .

(i) The c:ompound ascidian Botrgffus schtLosserj (Pal1as).

Figs. 4.41 - 4.43 shor,; tire presence of aotrgTl-us schfosserj on two-

week, four-week and eight-week plates, Iespectívely, during the first, yeaT.

The data are listed in appenclix 9. Differences irt abundance between

stations were examined by conducting Friedman tests on the data from the

CW(OS), Outfall and.Tctty stations obtained over the period 30/8/72 -
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Comparison
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Results of a series of Wilcoxon natched-pairs signed-rank

tests conducted on the data on the presence of Ciona

intestinaiis on plates from the CW(0S), Outfall, Jetty

and 30R stations obtained over the period 7/8/73 - 22/5/74.

The analyses were employed to examine differences in abund-

ance.

n PT

(a)

CW(0S) v Outfall

v Jetty

v 50R

Outfal1 v Jetty

v 30R

Jetty v 30R

Four-week plates.

L4

L4

15

9

7

11

58

0

31,

9Lz

= 0.01

N. S.

N.S.

= 0.01

0.01<P<0.02

0.02-P<0.05

0

0

(b)

CW(OS) v 0utfa11

v Jetty

v 30R

Outfal1 v Jetty

v 30R

Jetty v 30R

Eight-week plates.

20

2I

76

L2

6

11

<0.01

N.S.

=0. 01

-0. 01

N. S.

0.02=P=0.05

)

60

182

0

1

9
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22/lL/72 for two-week plates and L3/9/72 - 3/L/73 for four-week plates.

In both cases, differences were not statistically significant (two-week

?)plates, X-(k= 3rî=7)=I.79; four-weekplates, X'(k= 3, n= 9) =

5.72). However, when the data fron two-week, four-week and eight-week

plates are inspected together, it can be seen that, during a brief period

in ¡nid to late spring, BotrgTTus was considerably rnore abundant than at

other times. This period of abundance was found only at the CW(OS)

station. , Hence, considering the data as a whole, it would appear that

BotryTTus may have been more abundant at the CW(OS) station than in

Angas Inlet. Indeed, when a Friednan test is conducted on the combined

data fron two-week and four-week plates, a significant result is obtained
)(x; = 7.L3, 0.02< P<0.05).

However, it may be noted that the period of abundance at the CW(OS)

station coincided with the ti¡ne when LeptocTinum ragnerj was extremely

abundant at the Outfall and Jetty stations. Thus, it could not be said

categorically that the snaller lrumbers of BotrgJlus in Angas Inlet were a

result of the harnful effects of hot water rather than competition for

space with LeptocTinum.

During the second and third years, BotrgTTus was found in very snall

numbers. However, nost of the colonies which were found were present at

the CW(OS) station. Thus, during the second year, BottgTTus was found

once only on two-week plates from Angas Inlet, where one colony was

present on a plate from the Outfall station. 0n two-week plates from

the CV'J(OS) station , BotrgTTus r4/as present on seven separate occasions

with a naximum of five colonies per plate. The randornization test for

natched pairs confirned that the numbers of settlements at the CW(OS)

station were significantly greater than at the 0utfa11 station (P = .031).

The data from four-week and eight-week plates showed sinilar trends.
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U) The compound ascidian BotrgtJ-oides nigrum Herdrnan.

Although Botrglloides nigrum was never particularly abundant, some

clear patterns of occurrence were evident. In particular, there were

seasonal differences between Angas Inlet and the North Arm. This can be

seen in Figs.4.44 - 4.46 which show, respectively, the presence of

BotrgTToídes on four-week plates during the first year and on four-week

and eight-week plates during the second year. The conplete data are

listed in appendix 10. In the North Arn, settlenent cormenced in late

spring and extended over the warmer months of the yeat. In Angas Inlet,

settlement comnenced in late winter or early spring but had ceased by late

spring, presumably because the water had becone too hot to allow

reproduction. The statistical significance of the differences was

confirned by conducting runs tests on the data obtaíned during the

second year (table 4.26).

During the first year, there was no evidence of any differences in

rates of settlenent between stations, although the situation may have

been different if there had not been any gaps in the observations at the

CW(0S) station. However, sone differences in abundance between stations

appeared to be present during the second year. The Friednan analysis

of variance was applied to the data for four-week plates fron all stations

(except CW(NS) station) obtained over the period t0/L0/73 - L0/4/74 and

to the data for eight-week plates from the CW(OS), Outfall, Jetty and 30R

stations over the period 29/8/73 - 24/4/74. In both cases, the differ-

ences in abundance between stations were found to be statistically

significant (four-week plates , *î = 16.0, 0.00L<P<0.01); eight-week
')

Plates, Xã = t0.0, 0.01 <P<0.02) .

In order to exanine the <lifferences i-n abundance in gteater detail,

a series of pair-wise conpal'isons was made, using the Wilcoxon test.

However, in the case of four-week plates, BotrgTToides was present on

insufficient occasions for many meaningful cornparisons to be nade anongst
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Table 4.26 Results of a number of one-sampLe runs tests conducted on

the data on the presence of aotrglloides nigrum on plates

fron the CW(OS), Jetty and 30R stations obtained over the

period 29/8/73 - 22/5/74. The analyses were enployed to

exa¡nine seasonal differences.

Comparison tl nZ Observed r Criticat r Significance

(a) Four-week plates.

CW(OS) v Jetty 11 3

v30R 10 3

Jetty v50R 1 5

(b) Eight-week plates.

cw(Os) v Jerty 73 5

v30R 11 6

Jetty v50R 2 4

2

.,

.)

2

Yes

Yes

No

Yes

Yes

4

4

2

'2

No
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the stations in Angas Inlet, The results of these comparisons are shown

in table 4.27 . It can be seen that BotrgTToides is yet another example of

a species which hras rare at the Outfall station (see especially section

4.2(d). In addition, there were fewer colonies on four-week plates fron

the Jetty and 28R stations than on plates from the CW(OS) station. While

the result at tlìe Jetty station is a reasonable one in view of the rarity

of BotzgTToides at the Outfall station, there appeals to be no ready

explanation for the result at the 2BR station.

The results during the 1974-75 season provided no lìew information on

the effect of the thermal effluent on the distribution of BotrglToides-

(k) The serpulid Eul.aeospira convexis (Wisely).

The presence of EuTaeospira convexis on two-week, four-week and

eight-week plates during the two years from June, 1972 to May, L974 is

shown in figs . 4.47 - 4,52. The complete ðata a're listed in appenclix

1-1. I shall consider first the results on settlement on ttJo-week plates

(Figs. 4.47 and 4.50). Settlement was observed virtually throughotrt the

year, but was somewhat greatel' during the warmer months. The t'ates of

settlement at the Outfall, Jetty and 30R stations were clearly much greater

than those at the CW(OS) ancl (during the second year) 28R stations. Thus,

Eulaeospira appeals to have been favoured by the warrner water in Angas

Inlet. The results obtained cluring the summer of L974-75 showed the sarne

trend of greater rates of settlement at the Outfall and Jetty stations than

at the CW(0S) station.

Analyses of variance were conducted on the data from the Outfall,

Jetty and 30R stations with the aim of comparing any diffelences in rates

of settlement between the stati-ons. The first analysis covered the

period fron 6/1,2/72 - 20/6/73 and the second fron l8/7/73 - 24/4/74.

Tlre results of the analyses ar:e shown in [ab1e 4.28" The first analysis

showed a significant difference between stations. It appeared 1ì-kely

that this result was caused by a greater r¿rte of settlentent at the Jetty
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sunnary of the results of a series of wilcoxon matched-

pairs signed-rank tests conducted on the data on the

presence of the conpound ascidian BottgTToides nigtum oî

four-week and eight-week plates from the clll(os), Outfall,

Jetty and 30R stations (and 28R station for four-week

plates) over the period fton 29/8/73 - 22/5/74' The

analyses were employed to examine differences in abundance.

n T P

cl\I (0s)

Jetty

(a)

v Outfal1

v Jetty

v 30R

v 28R

v 30R

Four-week plates.

L3

15

L4

11

6

0 <0. 01

0. 01< P <0 .02

N. S.

-0.01

N. S.

<0.01-

N. S.

N. S.

0.01<P<0.02

<0.01

N. S.

I7

22

0

t,

(b)

CW(0S) v Outfal1

v JettY

v 50R

Outfall v JettY

v 30R

Jetty v 30R

Eight-week plates

15

L8

1.7

I

8

6

0

45

4914

0

0

s,
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TabIe 4.28

Source of

variation

surunary of the analyses of variance conducted on the data

on rates of settlement of the serpulíd nulaeospira

convexis on two-hreek plates from the Outfall, Jetty and

30R stations. The data were transforned to squale roots.

(a) 6/L2/72 - 20/6/73 - nethod for the specinl case of a

value nissing from the randomized block.

Fnax(3,12) = l-5.05, P'0.01; after transformation,

Fnax(3,L2) = 3.53.

df SS Corr. SS MS Fs P

Location

Tine

Renainder

84. 1"50

t72.063

95. 996

?

L2

23

78.834

t70.479

39.4L7

L4.207

4.087

9.64 <0.001

37 550.209

(b) r8/7 /73 -

Fnax(3,20) = $.

Fnax(S ¡20) = 1,

3.48 =0. 005

24/ 4/74.

54, 0.01--P-0.05; after transformation

s4.

Source of

variation df SS MS Fs P

Location

Tine

Renainder

2

20

3. 086

r44.671

L23,56440

1.543

7.234

3.089

<1 N.S

62 27L.321

2.34 0. 01<P =0. 025
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station than at the other two stations. The appropriate a posterioti

comparisons confirned this (SS (Outfall v 30R) = 2,73, SS (Jetty v

(Outfall, 30R)) = 8l-.4i critical SS = 10.78). The explanation for this

pattern of distribution in Angas Inlet may be sought by a consideration

of the water currents. Those larvae which are present in the water near

the cooling h'ater outlet must settle inrnediateLy or they are likely to be

carried away in an easterly direction by the current caused by the

discharge of water from the power station. However, in other areas of

Angas Inlet free-swinning larvae are less tikely to be carried further

away fron the outlet, at least on a rising tide, since the tidal

conponent of the water currents will increase with increasing distance

fron the cooling $rater outlet. Thus, a greater proportion of the

larvae which originate from the areas near the cooling water outlet are

likely to be carried away by the current before they settle than would be

the case at locations some distance from the outlet. Hence, the

observed distribution of settlenents of EuTaeospira in Angas Inlet rnay be

a result of the fact that the tendency of larvae to settle in the

warnest locations was being counteracted by the current moving away from

the warmest areas.

During the second year, there were no differences in rates of

settlement between the three stations.

The results fron four-week and eight-week plates were generally

consistent wíth those from two-week plates, with greatea nunbers of

EuTaeospira at the Outfall, Jetty and 30R stations than at the other

stations. Since ful1-grown individuals of Eulaeospita are relatively

snall, they are liable to be snothered by other grou¡th on longer term

plates, particularly on eight-week plates. Thus, during the first

year, the relatively small nunbers present in late spring and early

sunmer at the 0utfa11, Jetty and 30R stations were associated with the

abt¡ndance of the compound ascidian Leptoclinum ragneri. During the
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second year, LeptocTinun could also have smol-hered nany individuals. In

addition, the relatively smaller numbers of EuLaeospira present during

sunmer at the Outfal1 and Jetty stations corresponded with the abundance

of the sirnple ascidian Microcosmus squamiger (see section 4.2(1)).

During the second yeat, Mìcrocosmus u¡as considerably more abundant

than during the first year and was also more conmon at the Jetty station

than elsewhere. For reasons stated above, it may be expected that

greater rates of settlement of EuTaeospira may be observed on two-week

plates fron the Jetty station than on plates fron the 0utfa11 and 30R

stations. However, this would not occur if fewer larvae of. EulaeospÍra

were produced in the vicinity of the Jetty station than near the Outfall

and 50R stations. In view of the abundance of Microcosmus at the Jetty,

this situation nay have eventuated during the second year. This would

explain the differences in relative rates of settlenent at the Jetty

station between the first and second years.

(1) The simple ascidian Mícrocosmus squamìqrer Michaelson.

The data on the presence of. Microcosmus squamiger are listed in

appendix L2. Microcosmus was rare on two-week plates, re;rched moderate

abundance on four-week plates and at times was extremely abundant on

eight-week plates. During the first year, greater nurnbers were found in

Angas Inlet. However, the breeding season included those tines when

there were gaps in the observations.

During the second year, nuch greater numbers of lLicrocosmus were

found on the plates. Figs. 4.5:J ¿Lnd 4.54 show the presence of Micro-

cosmus on four-week and eight-week plates, respectively, during the

second yean. Microcosmus appeared to have been favoured by the warmer

water in fuigas Inlet but there also appeared to be differences in

abundance between all stations. Irrspection of the data suggested that

extreme heterogeneity of variances u¡as present and hence, non-parametric

nethods of analysis were requirc;d in order to investigate the statistical
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significance of differences in abundance. The Friedman test was applied

to the data from the CW(OS), Outfall, Jetty and 30R stations obtarned

over the period t2/9/73 - 24/4/74 for four-week plates and over the

period 23/5/73 - 24/4/Z+ for eight-week plates. In both cases,

differences were highly significant (four-week plates , X| = 28.8,'5

P'0.001; eight-week plates, *? = tr.1, P'0.001) .

A series of Wilcoxon tests were then conducted on the data (table

4.29). Significant differences in abunda¡rce were evident between all

stations. Microcosmus was nìost abundant at the Jetty station and

progressively less comnon at the Outfall., 30R and CW(0S) stations.

The greater abundance of ascidians at the Jetty station may be ¡rtlibuted

to the opposing factors of a tendency to settle in the rrrarmest logions

and a current tending to carry larvae rcady to settle away from these

areas. The data obtained during the third year were consistent with

those fron the previous year.

(rn) An unidentified polychaete (fanily Sabellidae).

The data on the presence of this sabellid are listed in appendix L3.

This sabellid was rare on two-week plates but progressivelf i¡ìuch more

conmon on four-week and eight-week plates. During the first year,

the peak of abundance in Angas Inì et coincided with the gaps in the

observations at the CW(OS) station. Hence, little information on

relative abundance was obtained.

Figs. 4.55 and 4.56 show the presence of the sabellid on four-week

and eight-week plates during the second year. Breeding commenced in

spring ancl extended over the w¿rrner months of the year. Inspection

of the data indicated that heterogeneiuy of variances was present. The

Friedman test was applied to the data for four-week and eight-week plates

from the CW(OS), Outfall, Jetty and 30R stations covering the period fron

September , 1g73 to Atr)r'i1 I974, Significant differtrrtces in abundance

between stations were evident for both series of exposures (four-week



Table 4.29

Comparison

111.

Summary of the results of a series of Wilcoxon natched-

pairs signed-rank tests conducted on the data on the

presence of Microcosmus squamiger on plates fron the CW(OS),

Outfall, Jetty and 30R stations obtained over the period

23/5/73 - 22/5/74. The analyses were employed to examine

differences in abundance.

n PT

(a)

CW(OS) v Outfal1

v Jetty

v 30R

Outfal1 v Jetty

v 30R

Jetty v 30R

Four-week plates.

14 314

150

11 29

160

L4 15

152

<0. 01

<0.01

N. S.

<0. 01

0.01. €P <0 .02

<0.01

(b)

CW(0S) v 0utfa11

v Jetty

v 30R

0utfa11 v Jetty

v 30R

Jetty v 30R

Eight-week plates.

2L0

235

20 24Lz

24 4t

22 3714

19 L3

<0.0L

<0.01

<0. 01

<0.01

<0.01

<0.01
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?-,2plates, *1 = 2!.0, P. 0.001; eight-week plates, X; = 28.5, P 0.001). A

series of Wilcoxon tests were then conducted on the same data in order to

clarify the situation (table 4.30). For both four-week and eight-week

plates, the sal-¡ellid was rnore abundant at the Jetty station. This would

suggest that the sabellid was favoured, but only to a small extent, by the

warmed water in Angas Inlet. The tendency for species favoured by the

warned hrater to be more coTnmon at the Jetty station than at the other

stations in Angas Inlet was discussed in section 4.2(k).

On eight-week plates, the sabellid was less conmon at the 30R station

than at the CW(OS), Outfall, Jetty and 30R stations. The data fron the

2BR station were not included in the analyses, in view of the later start

to the observations there, but it did appear that the situation was

similar to that at the 30R station. 0n alt plates a surface layer

incorporating nud and detritus was evident and was of greater proninence

on larger tern plates. The amount of mud in this surface layer was

gleater at the clv(os), outfall and Jetty stations ii.e. those closest to

the power station) than at the 30R and 28R stations. Since the sabellids

incorporate mud into their tubes it is likely that the amount of ¡nud

present on a plate may be of importance in determining the attractíveness

of a plate to settling larvae of sabellids. Thus, the smaller numbers

of sabeltids at the 30R station, particularly in conparison to the CW(0S)

and Outfall stations, may be a result of the smaller quantities of mud

present in the surface filn.

(n) The serpulíð ngdroides norvegica Gunnerus.

Fig. 4.57 shows the settlement of. ugclroides norvegica on two-week

plates cluring the first year of the study, while figs. 4.58 - 4.60 show

the presence of Hgd.roid.es on two-week, four-week and eight-week plates

during the second year. The conplete results are listed in appendix 14'

The nain settlement season during the first year- apparently extended from

nid-summer to mid-autumn. However, consideration of the results was
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Table 4.30

Conparison

Surunary of the results of a series of Wilcoxon matched-

pairs signed-rank tests conducted on the data on the

presence of an unidentified sabellid on plates fron the

CW(OS), 0utfa11, Jetty and 30R stations obtained over the

period t2/9/73 - 8/5/74. The analyses were employed to

examine differences in abundance.

n PT

(a)

CW(OS) v 0utfa11

v Jetty

v 30R

0utfa11 v Jetty

v 30R

Jetty v 50R

Four-week plates.

8

L4

7

L4

7

L3

L32

2

5

114

al-L'2

0

46

N. S.

<0.01

N. S.

<0.01

N. S.

- 0.01

N. S.

=0.01

<0.01

-0. 01

=0. 01

<0. 01

(b)

CW(0S) v Outfall

v Jetty

v 50R

Outfal1 v Jetty

v 50R

Jetty v 30R

Eight-week plates.

16

L7

11

1s

t2

15

ILz

4

0

2

0
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seriously conplicated by the gaps in the observations in the middle of the

settlement season. There appeared to be no evidence of any differences in

the fates of settlement between the stations. The results from the

CW(NS) station were included in fig. 4.57 since TubuLarja had not yet

become abundant. There was no suggestion that the faster current had any

effect on the settlement of ngdroides"

The situation during the second yeal hlas completely different.

Hgitroides settled in nuch gteater numbers and the periods of settlenent

were much longer than in the first year. Two distinct periods of

settlenent were observed, the first in spring and the second in sun¡ner

and autumn. Analyses of variance hrere conducted on the data from two-

week plates from all stations (except CW(NS) station) with the ain of

exanining differences in settlement rates between stations. A separate

analysis was carried out for each period of settlement. The results of

these analyses are shown in table 4.3I.

Differences between stations !{ere statistically significant during

both periods. For the first period, the a priori comparisons showed no

significant differences between the CW(OS) station and the stations in

Angas Inlet, but significant differences hrere evident amongst the

stations in Angas Inlet. Howevel, perusal of the results suggested that

the stations could be separated into tltlo groups, in which differences in

rates of settlement within each group appeared not to be statistically

significant but differences between the gloups wele. Settlenent was

greater at the group which conprised the 0utfa11, Jetty and 30R statj'ons

and the other gÌoup consisted of the cw(os) and 28R stations. The

appropriate a posterioti comparisons revealed that these inpressions were

correct (SS (cW(oS) v 28R) = 9'23, SS (outfall v Jetty v 50R) = 2'79'

SS (between the groups) = 104.05, critical SS = 46'5)'

For the second period, the a priori conparisons showed that the rates

of settlement at the CW(OS) station were greater than those at the stations



Table 4.31

Source of

variation

11S .

Summary of the analyses of variance conducted on the data

on rates of settlenent of the serpulíd ngdtoides norvegica

on two-week plates fron all stations, except CW(NS) station,

over the period fron L/8/73 - 24/4/74.

The data üJere transformed to square roots.

(a) L/8/73 - 22/Lt/73.

Fmax (5,8) = 23.0, P-0.01; after transformation,

Fnax [5,8) = 5.01.

df SS MS Fs P

Location

Clll(0S) v other

funongst others

Time

Remainder 32

Source of variation df

44 1250.62L

(b) ts/t2/73 - 24/4/'74.

Fnax(5,9) = 2L.6, P-0.01.; after transfor¡nation,

Fnax (5,9) = 5.40.

4

1

3

8

L76.067

t4.780

L07.287

992.067

142.487

SS

29.0L7

14.780

33.762

L24.008

4.453

MS

6.52

3.32

7. 58

27 .9

Fs

<0. 001

N. S.

-0. 001_

=0. 001

P

Location

CW(0S) v others

Amongst others

Time

Remainder

4

1

3

9

398.26

337 .06

67,20

7434.92

306.02

99.57

337 .06

20.40

L59. 43

8.500

LT.7

39,7

2.40

18. 8

= 0. 001

-0.001

N.S.

=0.001

36

49 2t39.21,
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in Angas Inlet. In addition, there were no significant differences in

rates of settlement between the stations in Angas Inlet. Thus, the

results agree with the hypothesis that settling larvae rnay discriminate

between different locations on the basis of temperature. In spring, the

favourable temperatures were found in Angas Inlet at the outfall, Jetty and

SgR stations, while in suÍuner, the temperatures at the CW(OS) station fell

within the favourable range.

On longer term plates, Hgd,roides was liable to be s¡nothered by other

growth, but nuch less liable than Eulaeospira convexis (section 4.2(k)).

Typically, the tubes of Hgdroides grow with one side attached to the

substrate and reach several centimetres in length. Howevel, the tubes

nay g1,otr' away from the substlate, apparently in response to conpetition

for space both with other individuals of Hgdtoides and with other

species. The results from four-week and eight-week plates during t973-

1974 were generally consistent with those from two-week plates' However,

differences between stations became progressively less narked as the

length of exposure of the plates increased. The nunbers of individuals

found on two-week pl*tes during the times of naxirnum settlement rates were

of the same order of magnitude as those found on eight-week plates'

Further increases in numbers after two weeks were linited by the

restricted anount of space. In contrast, lt¡hen the number of settlements

on a tvJo-week plate was smaller, a further increase in nUnber with

increased exposure was Possible.

only a conparatively sna1l nunber of observations were made during

the sumner of t974-75. During this period, Hgdtojdes was present in

greater abundance at the CW(OS) station thart in Angas Inlet' A Wilcoxon

test was conducted on the data fron two-week and four-week plates together

frorn the cl/ll(os) and Jetty stations and provided a statistically significant

result.
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(n = L2), T = 22, P 0.01). The results frorn the OutfalL station showed

the same trend.

(o) The barnacle Bal-anus anphitrite Darwin.

The complete results on the presence of Bal-anus amphitrite on two-

week, four-week and eight-week plates are listed in appendix 15. Figs.

4,67 and 4.62 show the settlement of barnacles on two-week plates during

the first two years of the study. The results showed that the season of

settlement of aal-anus coincided with the warmer months of the year. The

statistical significance of differences in settlernent rates between

stations were examined by conducting analyses of variance on the data for

each season of settlement. Table 4.32 shows the results of the analyses.

During the first year, the rates of settlement at the CW(OS) station were

just significantly less than those at the Outfall and Jetty stations.

There were no significant differences between stations during the second

year.

The results from four-week and eight-week plates during the first

year were seriously affected by the interruptions to the observations,

particularly at the CW(OS) station. The results from four-week and

eight-week plates during the second year are shown in figs. 4.63 and

4.64. The data were not analysed in detail since a reasonably complete

set of results were obtainefl from two-week plates. In addition, some

barnacles were smothered on longer term plates, complicating interpre-

tation of the results. However, the data fron four-week and eight-week

plates during the second year appeared to be generally consistent with

those from two-week plates, with litt1e or no differences in abundance

between stations.

Fig. 4.65 shows the presence of barnacles on two-week and four-week

plates from the CW(OS) and Jetty stations during late spring and sunmer

of 1974-75, Barnacles were much rnore abundant at these time-s than was

the case during the previous settlement season. The data flom two-week



r00 cw (0s)

30R

r00

Jetty

100

0

0utfatt

100

0

-

SONDJF
197 3

0

Ì

I

I

i

I
I

I

I

l

'I

0

UJ
t-
J
o-

u.
¡J
fL

Ø
J
f
cf,

õ

=
lJ.o
É,
lrl
c¡

=z

-

fh--

-

Ër-
MAJJ MA

197t,

Fig. 4.6t settlenent of the barnacle BaLanus amphitrite on 2-week

plates over the period fron June, lg72 to May, Ig7S.

,l
,.j

''¡,l

1

.l

''.t
-i

I

I

I:_ ¡

I

I

I

. 
--:l

I
I



0

2s

25 cw (0s)

28R

25 30R

25 Jetty

0

25 0utf aI t

0

0

0

IJ

J
fL

É,
UJ
o-

Ø
J

(f

õ
z,

l!o
É,
UJ
fll
=z

JJA S

l9 73

ONDJF MAM
197r.

Fig. 4.62 Settlement of the barnacle Bal_anus amphitrite on

2-week plates over the period from June, L973 to

Nlay , 197 4.



118.
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TabLe 4.32

Source of

variation

Su.uunary of the analyses of variance conducted on the data

on rates of settlement of the barnacle BaTanus amphitrite

on two-week plates at locations in Angas Inlet and North

Arn.

The data r4¡ere transforned to square roots.

(a) Data fron the CW(OS), Ourfall and Jetry srations

collected over the period B/lt/72 - L4/2/73.

Fnax (3,6) = 11.ó, 0.0L<P<0.05; after transformation,

Fmax (3,6) = 3.82.

df SS MS Fs P

Location

CW(OS) v others

Outfal1 v Jetty

Ti¡ne

Remainder

Source of

variation

2

1

1

6

2L.s22

19. 069

2.453

15s.759

43.L72

10.76L

19. 069

2.4s3

22.626

3.593

3. 00

5. 31

<1

6. 30

N. S.

0.025<P<0.05

N. S.

0. 001<P<0. 005

L2

20 200.392

(b) Data fron all stations, except CW(NS) station, collected

over the period 24/L0/73 - 24/4/74.

df SS MS Fs P

Location

Time

4 2.7693

46. 9391

48.3403

0.6923

3.6707

0.9296

<1 N.S.

L3

52Renainder

69 98.0487

3. 88 <0. 001
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and four-week plates were analganated and analysed using the Wilcoxon

test. This test showed that the numbers of barnacles were just signifi-

cantly greater at the cw(os) station than at the Jerty station (n = L3,

T = 15, 0.025<P<0.05).

(p) The oyster Ostrea angasi Sowerby.

The conplete data on the presence of ostrea angasi are listed in

appendix 16. Figs.4.66 and 4.67 show the settlement on tvro-week plates

during the two years from June, 1,972 to May, L974. In both years, the

season of settlement extended over late spring and surnmer. Oysters

were nore abundant during the first year. An analysis of variance was

conducted on the data fron the CW(OS), OutfalL and Jetty stations obtained

over the period 25/1.0/72 - 74/2/73. There üiere no significant differences

in rates of settlement between the stations (table 4.33).

The appropriate method of analysis for the data fro¡n the second year

was the Fried¡nan test, since inspection of the data would indicate that

heterogeneity of variances was present. This test was conducted on the

data from all stations, except the CW(NS) station, collected over the

period from 7/tL/73 - I0/4/74. Differences in settl,ement rates between

stations were found to be statistically significant $?4 = !0.2,

0.02-P-0.005). A series of Wilcoxon tests were conducted to examine

the situation in greater detail (table 4.34). The analyses showed that

oysters u¡ere norpabundant at the 0utfa11 and 30R stations than at the other

stations. Thus, the differences in settlement rates showed no clear

relationship to the distribution of temperature.

Figs. 4.68 and 4.69 show the presence of oysters on four-week and

eight-week plates during the second year. The data showed the same trend

as that for two-week plates.

(q) A tube-dwelling anphipod corophium sp.

This species is one of three tube-dwelling crustaceans which were

found on the plates. In counting the numbers present on a plate, it was
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Table 4.33

Source of

variation

Surunary of the analyses of variance conducted on the data

on rates of settlenent of the oyster Ostrea angasì on thro-

week plates fron the Cltr(OS), 0utfa11 and Jetty stations

obtained over the period 25/10/72 - L4/2/73.

The data Írere transformed to square roots (Frnax (3,7) =

9.98, 0.01-P'0.05; after transformation,

Fnax (3,7) = 4.42).

df SS MS Fs P

Location

Tine

Renainder

2 2.440

47.tLL

27.094

76.64s

1.220

6.730

1.935

-1

3.48

N. S.

0.01-P-0.0257

1,4

23

I

i

i

I

I

I

I

I

I

1



727.

Table 4.34

Conparison

Results of a series of Wilcoxon natched-pairs signed-rank

tests conducted on the data on rates of settlement of the

oyster Ostrea angasi on tvrro-r^Jeek plates fron al 1 stations,

except CW(NS) station, obtained over the períod 7/LL/75 -

L0/4/l+. The analyses were employed to examine

differences in abundance.

n PT

clr(0S) v

v

v

v

0utfa11 v

v

V

Jetty v

v

30R v

Outfal1

Jetty

30R

2BR

Jetty

30R

28R

30R

28R

28R

9

7

B

4

9

5\

414

0

0.02<P <0.05

N. S.

0. 01

Not applicable

0.02-P =0. 05

N.S.

N.S.

0.01< P<0.02

N. S.

0.02-P-0.01

1L

5

33

ljLz

0

L2

0

9

7

7

7
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often necessary to touch a tube with a needle to determine if it was

occupied and, if so, by which species of crustacean. Thus, counting was

often tine-consuming and, for this reason, counts were confined to two-week

plates.

Figs. 4.70 and.4.71 show the presence of Corophium on two-week plates

during each of the first two years of the study. 'Ihe conplete results are

listed in appendix L7. Differences in abundance between stations during

the first year were examined by conducting an analysis of variance on the

data from the CW(OS), 0utfa11 and Jetty stations (table 4.35). No

significant differences in abundance were evident.

Inspection of the data from the second year showed that heterogeneity

of variances was present. In addition, sone interaction appeared to be

present. The Friedman test was appli-ed to the data from all stations,

except CW(NS) station, obtained over the period I8/7/73 - 24/4/74. Once

again, no significant differences in abundance were evident 61 = g.43).

(r) An unidentified tube-dwelling amphipod (fanily Corophii-dae) .

Figs. 4.72 and 4.75 show the presence of this amphipod on two-week

plates collected during the first two years. The complete results are

listed in appendix 18. The Friednan test was applied to the data fron

the CW(OS), Outfalt and Jetty stations obtained over the period 27/9/72 -

3/I/73. No significant differences in abundance were found during this
t

period (X-(k=3,n=8) = 4.75).

However, after the results from the CW(NS) station had cornmenced, it

soon became clear that the anphipod was favoured by the turbulence of the

water there even despite the presence of Tubularia (section a.2@)). Tlie

greater abundance at the Cltl(NS) station was confirrned by conducting a

Wilcoxon test on the data from the CW(OS) and CW(NS) stations obtained

over the period 14/2/73 - 16/I/74 (n = 17, T = 0, P-0.01). After L6/t/74,

zoobotrgon was abundant at the CW(NS) station and possibly affected the

occurrence of the amphipod.
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Table 4.35

Source of

variation

L23.

Sumnary of the anal.ysis of variance conducted on the data

on the presence of the arnphipod Corophíum on th¡o-week plates

fron the CW(OS), 0utfa11 and Jetty stations obtained over'

the period 30/8/72 - 3/L/ZS.

(Fnax(3,9) = 4.62).

df SS MS Fs P

Place

Time

Remainder

2

9

s16.5

2292.3

2884.2

5695. 0

258.2

2s4.7

1 .61

1. 59

N. S.

N. S.

18

29
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The Friednan test was then applied to the data from all stations,

except CW(NS) station, obtained over the period 29/8/73 - 24/4/74.

Differences in abundance were found to be statistically significant
)

$; = 26.L, P=0.001). In order to elucidate the direction of these

differences, a series of Wilcoxon tests were conducted on the data (table

4.36). The analyses showed that the amphipod was less abundant at the

Jetty and 30R stations than at the CW(OS), Outfall and 28R stations. The

greater rate of occurrence at the Outfal1 station in conparison to the

Jetty and 30R stations may be caused by the abundance of the amphipod at

the CW(NS) station. A similar situation was discussed above with regard

to Tubufaria (section a.2GÐ. Taking this factor into account, the

results suggested that the amphipod was adversely affected by the warmed

h¡ater.

(s) A tanaid crustacean (Tanaidacea : Tanaidae), possibly Paratanais

ígnotus.

Fig. 4.74 shows the presence of Paratanajs on two-week plates during

the first year. The crustacean was virtually absent after January, t973.

The complete results are listed in appendix 19. The Friednan test was

applied to the data fron the CW(OS), Outfall and Jetty stations obtained

over the period 27/9/72 - 3/L/73. Differences in abundance between

stations were found to be significant (X2(k=3,n=B¡ = 6.44, 0.5L<P<'048)'

Application of the Wilcoxon test showed that the crustacean hras mor'e

abundant at the Outfall stat,ion than at the CW(OS) and Jetty stations

(outfall v cw(os), D = 8, T = 1, 0.01-P-0.02; outfall v Jetty, i = 7,

T = 1, 0.02<p<0.05). Differences between the CW(OS) and Jetty stations

were not significant (n = 8, T = 5). Thus, the results suggested that

Paratanais may have been favoured by the warned hrater during its brief

period of occurrence.



Table 4.56

Conparison

725.

Results of a series of Wilcoxon natched-pairs signed-rank

testsconducted on the data on the occurrence of an

unidentified amphipod on two-week plates from all stations'

except CW(NS) station, obtained over the period 29/8/73 -

22/5/74. The analyses were employed to exanine

differences in abundance.

n PT

!l

cltl(0S) v

v

v

v

Outfall v

v

v

Jetty v

v

30R v

Outfall

Jetty

30R

28R

Jetty

30R

28R

50R

28R

28R

N.S.

< 0.01

0. 01< P<0. 02

N.S.

<0.01

<0.01

N.S.
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-0.01
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5. Discussion

The results have shown a consistent difference in weights of growth

between the CW(OS) and CW(NS) stations. Greater weights of growth were

observed at the CW(NS) station for all series of exposures. The greater

weights were caused by the extreme abundance of three species at the

CW(NS) station, nanely the bryozoan Zoobotrgon verticiLTatum, the hydroid

Tubularia sp. and the unidentified tube-dwelling anphipod (sections 8.4.2

(b), (c) and (r) respectively).

It would appear that these three species were strongly favoured by the

turbulent water at the CW(NS) station. Kitching and Ebling (t967)

discussed the advantages and difficulties to sessile anirnals in inhabiting

areas which experience strong currents.

However, when we come to consider the results from all stations

excluding the CW(NS) station, no consistent patterns emerged. For sevetal

analyses, the results showed significant differences between the CW(0S)

station and the stations in Angas Inlet, with weights of growth being

greater in Angas Inlet. This was the situation for the analyses for two-

week plates covering the periods 30/8/72 - 4/7/73 and 2L/IL/74 - L3/2/75

and for four-week plates over the periods t3/9/72 - 3/1,/73 and 24/4/73 -

26/9/75, the latter being for organic weights only. In none of the other

analyses were significant differences that could be related to differences

in tenperature evident.

When a clean surface is allowed to stand in seawate1, a film of

bacteria soon builds up over the surface (Zobell, L946). This film

increases in thickness for at least a few days and imparts a slimy feel

to the surface. The presencê of this film may aid in inducing settlement

of larvae of sessile anirnals on a clean surface (Crisp and Ryland, 1960).

With increasing exposure, the slimy film entraps particles of detritus and

silt and the filn becomes rnuddy in appearance.

Frequently in this study, this muddy filn together with sorte
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filanentous algae produced the major contribution to weights of growth on

shorter tern plates. Thus, the greater weights of growth observed in

Angas Inlet for some two-week and four-week plates would appear to have

been caused mainly by faster rates of growth of algae and of fornatíon of

the bacterial film. With increasing exposure of the plates the

contribution by sessile animals to the weights of growth increased. At

the same tine, differences between stations in the amounts of growth

became less narked. Thus, on eight-week plates no significant differences

that could be attributed to differences in tenperature were observed.

Overall, temperature differences appeared to be of minor significance in

relation to production of epifauna as measured by the total biomass.

We now come to consider the effects of temperature on individual

species. It will be necessary to comnence with some remarks on the

significance that can be attached to the data. Amongst sessile animals,

there is a wide variation between species in the length of tine that the

larvae nay spend in the free-swirnning stage before settlement and

¡netanorphosis. In some species, the larvae settle within a few hours

while in others, they spend at least several days in the free-swimning

stage.

In this latter case, larvae nay be dispersed considerable distances

fro¡n their point of origin by the prevailing currents. As was discussed

in section 8.3., there is a circular current system from North Arn to

Angas Inlet via the cooling vlater system of the power-station and fron

Angas Inlet to North Arn via Eastern Passage. Tidal culrents are super-

imposed on this systen and there is some interchange of water from Barker

Inlet and the Port Adelaide River. It would be expected that larvae

originating at any point in the Angas Inlet - North Arm systen would be

dispersed throughout this system within a few days, if they could survive

the nechanical and thermal stresses they experience on passage through the

cooling r"Jater system. Thus for species whose larvae have a long
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planktonic existence, differences in the rates of settlement between

stations would reflect differences in the reactions of the larvae at the

't-i¡lre of settlement. The presence or absence of differences in settlernent

rates need not be indicative of the presence or absence of long-term

effects of temperature on the distribution and abundance of the species

concerned. Seasonal differences in the timing of the breeding season may

not be noted, even if tliey did exist.

However, when larvae spend only a short tine in the free-swimming

stage, most will be carried only a short distance before they settle.

Thus, differences in rates of settlement between stations would reflect

differences in abundance and / or fecundity of the populations adjacent to

the stations. In addition, seasonal differences in the tining of the

breeding season would be expected to be revealed if they did exist. Thus,

for species whose larvae have only a short planktonic life, any differences

in settlenent rates should reflect the effect of differences in temperature

on the distribution and abundance of these species.

Of the species in this study, larvae with a long planktonic life are

characteristic of barnacles (Pyefinch, L948), oysters (Loosanoff and Davis,

1963) and are part of the life cycle of the serpulid Hgdroides norvegica

(Wisely, 1958). Neither the barnacle Bal-anus amphitrite nor the oyster

ostrea angasi (sections 8.4.2 (o) and (p) respectively) showed any

consistent differences in rates of settlement between stations to suggest

that the larvae were discriminating between different temperatures at the

time of settlement. The larvae of. ngdroides norvegica (section 
^.4.2 

(n))

however, appeared to show a preference for settling under temperatuïe

regimes that are characteristic of normal sumner conditions in North Arm.

Larvae with a short planktonic life are found in ascidians (Borradaile

et a7., 1967), bryozoa (Ryland, t967), Tubutaria (Pyefinch and Downing,

1949) , Eulaeospira convexis (Wisely, 1,962) and LoxosomeTla (Borradaile et aJ.,

L967). It is uncertain in which class the unidentified sabellid should

be placed. 0f the other polychaetes in this study Hgdroides produces
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larvae with a long planktonic life, while EuTaeospira is the reverse.

Several different types of distribution in relation to temperature

and currcnt r^rere obscrved. Two spccics wcrc strongly favoured by the

turbulent water at the CW(NS) station, namely the bryozoan Zoobottgon

verticiTTaÈum and the hydroid rubuTaria sp. (sections 84.2 (b) and (c)

respectively). Two species showed seasonal differences in abundance

between Angas Inlet and North Arm but no differences in abundance: the

compound ascidian Leptoclinum ravneti and the bryozoan watersipora

subovoidea (sections B 4.2 (a) and (e) respectively). The settlement

season of these two species was observed at temperatures characteristic of

the sun¡ner conditions in the North Arm.

Similar seasonal differences lsere observed for five other species,

but for these species, some differences in abundance were present: the

endoproct LpxosomelTa kefersteini, the bryozoans BuguLa avìcularia and B.

neritina and the ascidians Ciona Íntest.inaJ,is and BotrgTToides nigrum

(sections B. 4.2 (d), (f), (g), (h) and (j) respectively. The significant

feature of the differences in abundance was that each of these species was

very rare at the 0utfa11 station while being reasonably abundant at other

locations in Angas Inlet. It was suggested (see especially section 4.2

(d)) thatdris type of distribution would result if individuals living in

Angas Inlet, particularly near the cooling l^Jater outlet, were unable to

survive during the suruner when water temperatures reached high levels.

Indeed, it may be that all of the individuals in Angas Inlet would be

killed by the hot water during the sumner but the species could then

recolonize most of the decimated areas, during the cooler palts of the

year.

Next, there are the species which show differences in abundance

between Angas Intet and North Arn. The ascidian BotrglTus sehfosserj

(section B. 4.2 G)) was adversely affected by the warmed lttater in Angas

Inlet. In contrast, the serpulid EuTaeospira convexis and the ascidian

Microcosmus squamiger (sections B. 4.2 (k) and (I) respectively) were
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strongly favoured by the warmed water. The unidentified sabellid (section

8.4.2 (m)) was also favoured by the warmed water but not to the same

extent as Eu-Zacospira and Microcosmus.

Finally, there are the three species of crustaceans that colonized

the plates where they constructed tubes of mud. The unidentified arnphipod

(section B. 4.2 (r)) was extrenely abundant at the CW(NS) station where it

was favoured by the turbulent water. It was also adversely affected to a

small extent by the warmed u¡ater in Angas Inlet. In its brief period of

occurrence, the tanaid Paratanais ignotus (section B. 4.2 (s)) was favoured

by the warned water, while the warned water had no effect on the abundance

of the amphipod Corophium sp. (section B. 4.2 (q)).

Sumnarising the results, the heated water from the power station had

little effect on the total production of the epifauna. However, a variety

of effects on the species present vJere noted, with regard to both abundance

and seasonal occurrence. ltlhen the positive effects of the warmed water

on abundance are balanced against the negative effects, it would appear

that there has been little danage inflicted on the epifaunal cornmunities

in Angas Inlet.

However, it is worth recalling the five species which showed seasonal

differences in occurrence between Angas Inlet and North Arn and which were

very rare at the 0utfa11 Station. It was suggested that the water in

Angas Inlet became too hot in summer to allow survival of these species, at

least near the cooling water outlet and possibly, to a considerable

distance from the outlet. Thus, depending on the extent of the hypoth-

esised kills, the fact that these species were found in reasonable

abundance in Angas Inlet nay be due to the abitity of the free-swinming

larvae to recolonize previously decirnated areas. Species without the

same powers of dispersal would remain rare in Angas In1et.

In conclusion, no overall harmful effects of heated water fron the

Torrens Island Power Station have been demonstrated. However, investi-

gation of species with limited powers of dispersal may reveal some damage
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to the environment. In addition, the situation needs to be watched

closely with the expected rise in tenperatures in Angas Inlet as rBr

station begins operatirrg in earnest. It would be expected that as the

te¡nperatures rise some of the species which are presently littLe affected

in abr¡ndance nay show a decline in numbers in Angas Inlet. In addition,

species at present favoured by the warrned water rnay be favoured to lesser

degrees.



t32.

NOTES ON IDENTIFICATION

Several persons helped with identification of the species found in

this study. Identifications were provided by Miss L. M. Angel

(Departnent of ZooLogy, University of Adelaide) i LoxosomeTTa kefersteini,

Dr. S. J. Edmonds (Marine Invertebrate Section, South Australian Museum) :

annelids and ostrea angasi, and Mr. B. J. Brock (Marine Invertebrate

Section, South Australian Museum) z bryozoa, while Mr. W. Zeidler (Curator

of Marine Invertebrates, South Australian Museurn) helped with other

species. Ascidians corresponded to the species described by Kott (1952,

L962, L972). Specimens of the anphipods have been forwarded to Dr. J. L.

Barnard (Department of Biological Sciences, University of Arizona, U.S.A.)

but at the time of writing, identifications have not been teceived.



733.

REFERENCES

Adams, J. R. (1969). Ecolog'ical observations around some thermal power
stations in Catifornia tidal waters. Chesapeake Sci. 10, 145-154.

Allen, F. E. and wood, E. J. F. (1950). Investigations on underwater
fouling. rr. The biology of fouling in Australia : results of a
yeart s research. Äust. J. mar. freshw. Res. 1, 92-105.

Andetson, D. B. and Richards, B. R. (1966). chlorination of sea water -
effects on fouling and corrosion. Trans. Arner. soc. Mech. Eng.,
July 1966, 203-208.

Andrews, J. C. and Anderson, D. T. (1962).
polychaete GaLeoTaria caespitosa Lamarck
Linn. Soc. N.S.W. 87, 185-188.

The developnent of the
(fam. Serpulidae). proc.

Ansell, A. D. (1963). Venus mercenaria
EcoTogg 44, 396-397 .

(L) in Southanpton Water.

Barnes, H.,Crisp, D. J. and Powell, H.T. (1951).
orientation of some species of barnacles.
227 -241,.

. Observations on the
J. anim. Eco7. 29,

Barnes, H. and Reese, E. s. (1960). The behaviour of the stalked
intertidal barnacle Pol-l-icipes polgmerus J. B. Sowerby, with special
reference to its ecology and distribution. J. anim. Ecol-.2g,
169- 185 .

Barnett, P. R. 0. (t97L). Some changes in intertidal sand communities
due to thermal pollution. proc. R. -goc. Lond.. B L77,353-364.

Barnett, P. R. 0. (7972). Effects of warm water effruents from power
stations on marine tife. proc. R.Soc. Lond. B 1BO, 497-509.

Barnett, P. R. o. and Hardy, B. L. s. (1969). The effects of temperature
on the benthos near the Hunterston Generating Station, Scotland.
Chesapeake Scj. 10, 255-256.

Bayne, B. L. (1964a). The gregarious behaviour of the larvae of ostrea
edulis L. at settlement. J. mar. bioL. Ass. u.K.49r.327-356.

Bayne, B. L. (1964b). Primary and secondary settlement in ugti.Zus edu]is
L. (Mol lusca) . J . anim. Ecol- . 33 , 573-523 .

Bayne, B. L. (1964c). The responses of the larvae of agtilus edulis L.
to light and gravity. oikos 'J,5, I62-L74.

de Blok, J. W. and Geelen, H. J. F. M. (1958). The substratum,required
for the settling of mussels (agtitus eduJis L.). Arch Neerl. de
Zoot-. 13 (Suppl.1), 446-460.

Bohle, B. (1971). Settlement of mussel larvae MgtiTus eduJjs on
suspended collectors in Norwegian waters. Fourth European Marine
Biology Symposium (0. J. Crisp ed.). Cambridge University Press,
pp. 63-69.



134.

Bonadaile, L.4., Potts. F.4., Eastham, L. E. s. and saunders, J. T.(L967). rrThe Invertebratalt. Fourth edition revised by G. A.
Kerkut. Cambridge University press, Carnbridge.

Brett, J. R. (1952). Temperature tolerance in the young Pacific salmon,
genus Oncorhgnchus. J. Fish. Res. Bd. Can. 9, 265_525.

carpenter, E. J., Peck, B. B. and Anderson, s. J. (1974). survival of
copepods passing through a nuclear poweï station on northeastern
Long Island Sound, U.S.A. Mar- Biol_.24,49-55.

Clapp, W. F. (1950). Some biologì-cal fundamentals of marine fouling.
Trans. Amer. Soc. Mech. 8n9. 72, 101-107.

clark, J. R. (1969). Thermal pollution and aquatic tife. sci. Amer.
220, (3), 19-27.

cory, R. L. (1967). Epj-fauna of the patuxent River estuary, Maryland,
for 1963 and 1964. Chesapeake Sci. B, 71-89.

Cory, R. L. and Nauman, J. W. (1969). Epifauna and therrnal additions in
the upper Patuxent River estuary. Chesapeake Sci. 10, 2I0-2I7,

Crisp, D. J. (1967). Chemical factors inducing settlement in crassostrea
virginia (Gmelin). J. anim. Ecol_. 36, 329-SSS.

Crisp, D. J. and Barnes, H. (1954). The orientation and distribution of
barnacles at settlement with particular reference to surface contour..
J. anim. EcoL. 23, L42-162.

Crisp, D. J. and Ryland, J. S. (1960). Influence of fitming and of
surface texture on the settlement of marine organisms. Nature,
trond . _185, L 19 .

Crisp, D. J. and Meadows, P. S. (1962). The chernical basis of
gregariousness in cirripedes. proc. R. soc - r-ond. B. 156, 500-520.

crisp, D. J. and Meadows, P. s. (1963). Adsorbed layers : the stinulus
to settlement in barnacles. proc. R. ^soc. Lond. B. 158, 564-587.

Crisp, D. J. and Molesworth, A. H. N. (1951). Habitat of Batanus
anphitrite var, denticu-Z.ata in Britain. Nature, Lond. L67, 489-490.

Dobson, J. G. (1946). The control of fouling organisns in fresh and
saltwater circuits. Trans. Amer. Soc. Mech. Eng. 68, 247-265.

Ebling, F. J., Kitching, J. 4., lvluntz, L. and Taylor, C. M. (1964). TJre
ecology of Lough Ine. XIII. Experimental observations of the
destruction of MgtiTus edul-is and lvucel.7a 7api77us by crabs.
J. anim. Ecol-. 33, 73-82,

Foster, B. A. (1969). Tolerance of high temperature by some intertidal
barnacles. t{at. BioL.4, 326-332.

Fry, F. E. J., Hart, J. S. and Walker, K. F. (1946). Lethal temperature
relations for a sampJ.e of young speckled trout, SalveTinus fontinal-is.
Univ. Toronto Stud. Biol-. Ser.54, Pub. Ont. Fish. Res. Lab.49.

Fuller, J. L. (1946). Season of attachment and growth of sedentary
marine organisms at Lanoine, Maine. Ecol-oSg 27, 150-158.



135.

Graham, H. l1/. and Gay, H. (194s). season of attachrnent and growth of
sedentary marine organisrns at oakland, caLifornia. Ecorogg 26,
375-386

Hewatt, W. G. (1935). Ecological succession in the MgtiTus cal-ifornianus
habitat as observed in Monterey Bay, california. Ecorogg !6,
244-25r

Hidu, H. (1969). Gregarious setting in the Arnerican oyster Crassostrea
virginia Grnelin. Chesapeake Scj. {l_, 85-92.

Holmes, N. (1970). Mussel fouling in chlorinated cooling systens . chem.
& rnd. Sepr. L970, I244-L247.

James, W. G. (1967). Mussel fouling and use of exomotive chlorination
Chem. & Ind. June L967, 994-996.

Johannes, R. E. (1970). Ilow to kill a coral reef - 1.
BuTl-etin 1 (NS), 186-187.

Marine PoTLution

Kitching, J.4., Sloane, J. F. and Ebling, F. J. (1959). The ecology of
Lough Ine. VII. Mussels and their predators. J. anim. EcoL.
28,33t-34L.

Kitching, J. A. and Ebling, F. J. (19ó7). Ecological studies at Louglr Ine.
Adv. ecol-. Res.4, 197-297.

Knight-Jones, E. W. (1951). Gregariousness and some other aspects of the
setting behaviour of Spirorbis. J. mar. bioj. Ass. U.K. 3A,
201-222.

Knight-Jones, E. IV. (1953). Laboratory experiments on gregariousness
during setting in Bal-anus baLanoides and other barnacles. J. exp.
Biol. 30, 584-598.

Knight-Jones, E. ltl. and Stevenson, J. P. (1950). Gregariousness during
settlement in the barnacle ETminius modestus Darwin. J. mar. bioL
Äss. U.K. 29, 28L-297.

Kott, P. (1952). The ascidians of Australia. I. Stolidobranchiata
Lahille and Phlebobranchiata Lahi-lle. .AusÈ. J. mar. f reshvt. Res.
3, 205-333.

Kotr, P. (1962).
Lahille:
265-334.

The ascidians of Australia. III. Aplousobranchiata
Didemnidae Giard. .Aust. J. mar. freshw. Res. 13,

Kott, P. (1972). The ascidians of South Australia. I. Spencer Gulf,
St. Vincent Gulf and Encounter Bay. Trans. R. Soc. S..Aust. 96,
L-52.

Loosanoff, V. L. and Davis, H. C.
Adv. mar . BioL. 7, 1--136.

(1965). Rearing of bivalve molluscs.

Markowski, S. (1959). The cooling h¡ater of power stations : a new factor
in the environment of marine and freshwater invertebrates. J. anim.
EcoL. 28, 243-258.



t36

Markowski, S. (1960). Observations on the response of some benthonic
organisrns to power station cooling water. J. anim. EcoL. 28,
347-357.

Markowski, S. (L962). Faunistic and ecological investigations in Caven-
dish Dock, Barrow-in-Furness. J. anim. EcoL. 3L, 43-51,.

Meadows, P. S. (1969). Sublittoral fouling communities on northern
coasts of Britain. Hgdrobiologia 34, 273-294.

Mihursky, J. A. and Kennedy, V. S. (1967). Water tenperature criteria
to protect aquatic life. Amer. Fish. Soc. Spec. Publ. No. 4,
20-32.

Nauman, J. W. and Cory, R. L. (1969). Thermat additions and epifaunal
organisrns at Cl'ralk Point, Maryland. Chesapeake Sci. 10, 2t8-226.

Naylor, E. (1965a). Effects of heated effluents upon rnarine and
estuarine organisms. Adv. mar. Bio7. 3, 63-103.

Naylor, E. (1965b). Biological effects of a heated effluent in docks at
Swansea, S. Wates. Proc. ZooJ-. Soc. Lond. L44, 253-268.

Pannell, J. P. M., Johnson, A. E. and Raymont, J. E. G. (7962). An
investigation into the effects of warned water from Marchwood Power
Station into Southanpton water. Proc. rnst. Civ. Eng¡. 23, 35-62.

Pulham, C. J. (date unknown). I'Chlorination of condenser cooling waterrr.
Technical Publicrit ion S/L55, Waltace and Tiernan, London.

Pyefinch, K. A. [1948). Notes on the biology of cirripedes.
biol. Ass. u.K. 27, 464-503.

J. mar.

Pyefinch, K. A. and Downing, F. S. (1949). Notes on the general biology
of Tubularia Jargnx Ellis and Solander. J. mar. bìoL. åss. tl.K.
28, 2t-44.

Raynont, J. E.
Proc. R.

G. (L972). Sone aspects of po11utíon in Southampton Water.
soc. Lond. a l-80, 451--468.

Roessler, M. A. (1971). Environmental changes associated with a Florida
power plant. Marine PolTution BuLLetin 2, 87-90.

Roosenburg, W. H. (1969). Greening and copper accumulation in the
American oyster, Crassostrea virginica, in the vicinity of a steam
electric generating station. chesapeake Sci. 10, 24L-252.

Ryland, J. S. (1967) Polyzoa, oceanogr. mar. bioL. Ar.n. Rev. 5,
343-369.

Scheer, B. T. (1945). The development of marine fouling communities,
BioL. BuLJ-., Woods HoLe 89, I03-L2I.

Shaw, W. N. (1967). Seasonal fouling and oyster setting on asbestos
plates in Broad Creek, Talbot County, Maryland, 1965-65.
Chesapeake Sci. B, 228-236.

Siegel, S. (1956). rrNonparametric statistics for the behavioural
sciencestr. McGraw Hill, New York.



I37 .

Sokal, R. R. and Rohlf, F. J. (1969). trBiometry. The principles and
practice of statistics in biological researchrr. W. I{. Freeman G Co.,
San Francisco.

Sorge, E. V. (1969). The status of thermal discharges east of Mississippi
River. Chesapeake Sci. 10, 131-138.

Thorson, G. (1964). Light as an ecological factor in the dispersal and
settlenent of larvae of marine bottom invertebrates. opheTia L,
L67 -208 .

Walton Smith F. G. (1946). Effect of water currents upon the attachnent
and growth of barnacles. BioL. Buff, Woods HoIe 90, 51-70.

Warinner, J. E. and Brehner, M. L. (1966). The effects of thermal
effluents on marine organisms. Air Wat. pol-Lut. Int. J. 10,
277 -289 .

Wisely, B. (1958). The development and settling of a serpulid worm,
Hgdroides norvegica Gunnerus (Polychaeta). Aust. J. mar^. freshw.
Res. 9, 351-361.

Wisely, B. (1959). Factors influencing the settling of the principal
narine fouling organisms in Sydney Harbour. .aust. ,J. mar. freshw.
Res. 10, 30-34.

Wisely, B. (1960). Observations on the settling behaviour of larvae of
the tubeworm Spirorbis boreal.is Daudin (Polychaeta) . Aust. J. mar.
freshw. Res. 11, 55-72.

Wisely, B. (1,962). Two Spirorbid tubeworms (Serpulidae, Potychaeta) from
Eastern Australia. Rec. Aust. Mus. 25, 243-248.

Wisely, B. (1969). Preferential settlement in concavities (rugophilíc
behaviour) by larvae of the brachiopod waltonia inconspicua (Sowerby,
1846). lv.z. J. mar. freshw. Res. 3, 273-280.

Wood, E. J. F. (1955). Effect of tenperature and rate of flow on some
marine fouling organisrns. AusË. J. Sci. 18, 34-36.

Wood, E. J. F. and Allen, F. E. (1958). Comnon marine fouling organisms
of Australian waters. Dept. of the Navy Publication, Melbourne,
23 pp.

Young, J. S. and Gibsor, C.I. (1973). Effect of thernal effluent on
nigrating nenhaden. Marine Pol-Lution Bul-l-etin 4, 94-95.

Zobel1, C. E. (1946). rrMarine Microbiology". Chronica Botanica Press,
Walthan, Mass.



APPENDICES



]-

SECTION A

Appendix 1.

Appendix 2.

Appendix 5.

Appendix 4.

Appendix 5.

Appendix 6.

SECTION B

Appendix L.

Appendix 2.

Appendix 5.

Appendix 4.

Appendix 5.

Appendix 6.

Appendix 7.

LIST OF APPENDICES

Weights of growth on plates frorn the experimental
troughs.

Total numbers of five species present on plates
from the experimental troughs.

Numbers of the serpulid Hgdroid.es norvegica present
on plates from the experinental troughs.

Presence of four comparatively rare species on the
plates from the experimental troughs.

Presence of the serpulid Eulaeospira convexis on
plates from the experimental troughs.

Numbers of six species present on eight-week glass
plates sampled in early 1,974.

Weights of growth on plates from 6 locations, 2 in
North Arm and 4 in Angas Inlet.

Presence of the conpound ascidian LeptocTinum ragneri
on plates from six location, two in North Arm and four
in Angas Inlet.

Presence of the hydroj-d Tubularia sp. on two-week
plates from six locations, two in North Arm and four
in Angas Inlet.

Presence of the endoproct LoxosomeLLa keferstejni on
two-week plates from six locations, two in North Arm
and four in Angas Inlet.

Presence of the btyozoan glatersipora subovojdea on
plates frorn six locations, two in North Arm and four
in Angas Inlet.

Presence of the bryozoan Bugula avicuLaria on
plates from six locations, two in North Arm and
four in Angas Inlet.

Presence of the b'ryozoan BuguJa neritina on plates
from six locations, two in North Arm and four in
Angas Inlet.

Presence of the simple ascidian Ciona intestinal-is
on plates from six locations, tì^/o in North Arrn and
four in Angas Inlet.

Page

10.

13.

15.

33,

1

3

6

7

42.

45.

47.

55.

60.

Appendix 8.

67.



1.1

List of Appendices, Section B (cont.)

Presence of the compound ascidian Botrgllus
sch-Z,osseri on plates from six location, two in North
Arm and four in Angas Inlet.

Presence of the conpound ascidian BotrgTToides
nígrum on plates fron six location, two in North Arm
and four in Angas Inlet.

Presence of the serpulid EuTaeospira convexis on
plates fron six locations, two in North Arm and four
in Angas Inlet.

Presence of the simple ascidian Microcosmus
squamiger on plates fron six locations, two in North
Arm and four in Angas Inlet.

Presence of an unidentified polychaete (family
Sabellidae) on plates fron six locations, two in
North Arm and four in Angas Inlet.

Appendix

Appendix

Appendix

Appendix

Appendix

9.

10.

11.

t2.

L3.

96

Page

75.

81.

87.

103.

108.

1I7 .

L23.

I29.

r32.

135 .

Appendix 14. Presence of the serpulid Hgdroides norvegÍca on
plates frorn six locations, two in North Arm and
four in Angas Inlet.

Appendix 15. Presence of the barnacle Bàfanus amphítrite on
plates fron six locations, two in North Arn and
four in Angas Inlet.

Appendix 16.

Appendix L7.

Appendix 18.

Appendix 19.

Presence of the oyster ostrea angasi on plates
from six locations, trvo in North Arm and four in
Angas Inlet.

Presence of the tube-dwel1ing amphipod Corophium sp.
on two-week plates from six locations, tl{o in North
Arm and four in Angas Inlet.

Presence of an unidentified tube-dwelling amphipod
(family Corophiidae) on two-r^reek plates from six
locations, two in North Arn and four in Angas
Inlet.

Presence of a tanaid crustacean (Tanaidacea :

Tanaidae), possibly Paratanais ignotus, on two-week
plates from six locations, two in North Arn and
four in Angas Inlet.



1

APPENDICES

SECTION A : Control of fouling in the cooting water system.

Appendix L Weights of growth on plates fron the experinental troughs.

(a) Weights of growth on 2-week plates

Weights are listed in nilligrams; for the controls, they are

rounded to the nearest 10 nilligrans.

Date of

Exanination

Dose of chlorine (ppn)

Internittent 0.2 0.4 0.8 1.5 3.0

Controls

1 2

s/2/73

22/2

4/+

L8/ 4

t6/s

30/s

L3/ 6

27 /6

tL/7

2s/7

10/B

23/8

s/g

7s/e

s/10

L8/t0

20

26

16

L2

6

2

5

11

2

3

1

9

5

2

20

16

22

L4

4

t6

7

3

4

10

4

3

2

5

25

7

9

5

B

20

B

20

6

L0

6

3

4

9

L

4

1

4

t7

)

5

9

19

28

20

20

5

2L

5

2

7

L7

2

3

4

J

8

4

8

8

800

260

90

200

70

60

40

80

60

110

100

60

50

80

260

400

220

210

110

720

80

60

70

100

70

90

110

60

50

60

180

L70

6

7

4

4

3

6

l2

11

4

4

3

9

2

5

2

4

6

2

8

7

)

5

L

2

4

1

6

6
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Appendix 1 (cont.)

(b) Weights of growth on four-week plates.

Weights are listed as milligrans; for the controls, they are

rounded to the nearest 10 nilligrams.

Date of

Exanination

Dose of chlorine (pptn)

Intermittent 0.2 0.4 0.8 L.5 5.0

Control s

L 2

8/2/7s

22/2

22/ 3

L8/ 4

2/s

t6/s

30/s

t3/ 6

27 /6

rt/7

26/t

L0/ I
23/8

6/s

2L/e

4/ L0

L8/to

52

48

116

34

27

22

L2

23

L0

10

5

5

10

L4

t6

29

20

1L

18

t2

29

16

L2

10

L4

L0

7

6

4

t4

58

22

20

10

6

32

34

1.0

L1

12

6

L2

9

4

4

3

7

2t

t1

6

L6

2B

29

8

I3

6

B

t7

8

6

6

3

9

63

27

15

t4

t4

2B

47

11

10

19

t1

18

9

24

22

9

20

4

8

26

5

8

3

7

24

15

L6

8

4

770

510

730

130

1L0

60

100

90

1t¡0

60

110

110

160

2L0

370

480

970

850

740

680

360

180

L20

160

60

80

70

80

50

100

510

200

570

520

6

9

1.0

16

9

6

7

4

5



3

Appendix 2. Total numbers of five species present on plates fron the

experinental troughs.

The species were the serpulLd ngdroides norvegìca, the

barnacle BaLar:.us amphìtrite, the mud-nussel /{odio1us

inconstans, the oyster ostrea angasi and the anenome

Anthothoä a Tboe íncta .

(a) Total nunbers present on glass plates exposed for two weeks.

Date of

Exanination

Dose of chlorine (ppn)

Intermittent 0.2 0.4 0.8 1.5 5.0

Controls

1 2

2s/Ll73

el2

22/2

4/4

78/4

2/s - L3/6

27 /6

LL/7

2s/7 - sle

Le/e

3/r0

t8/L0

1

4

L7

12L3

1

3

2

1

L2 L3

59
No data

41

B9

2

10

5

1

1

3

8

3
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Appendix 2 (cont.)

(b) Total numbers present on glass plates exposed for four-weeks.

Date of

Exanination

Dose of chloríne (ppm)

Intermittent 0.2 0.4 0.8 l.s 3.0

Controls

1 2

8/2/73

22/2

22/3

t8/4

2/s

t6/s - sols

t3/6

27 /6

tL/7

26/7

to/8 - 6/s

2L/g

4/Lo

L8/t0

40

28

24

10

2

2

6

7

L0

1

1

)8

3

1

5

1

1

48

80

61

1L

19

4

30

2s

10

28

48

30

72

No datu¡n

73

25

1

4

2

1

1

1

3

1

2

21
1

I

1

1

I

,1

I

I

I

I

I
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Appendix 2 (cont.)

(c) Total numbers present on conclete-asbestos plates exposed for

eight weeks.

Date of

Examination

Dose of chlorine (pPm)

Internittent 0,2 0.4 0.8 1.5 3.0

26/3/73

sl4

ts/ 4

22/s

Ll6

Ls/6 - 27/7

t62 ))

80 21

20 10

10

15 9

8

2

28

1

8
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Appendix 3.

Date of

Examination

Numbers of the serpulid Hgdroides norvegica present on

plates from the experimental troughs.

(a) Numbers present on four-week glass plates.

Dose of chlorine (ppn)

Intermittent 0.2 0.4 0.8 1.5 5.0

Controls

1 2

8/2/73

22/2

22/3

L8/ 4

2/s

L6/s - tt/7
26/7

tol8 - 6/s

2t/e

4/ Lo

L8/70

Date of

Examination

1

1

Dose of chlorine (ppm)

Intermittent 0.2 0.4 0.8

1

26

18

7

2

11

L

1L

3

)

4

.,

13 7

51 4r

No data

10 11

1

111

3

L

2

2

4 10

L4 28

24 48

(b) Nunbers present on eight-week concrete-asbestos plates.

1.s 3.0

26/3/73

s/4

ts/ 4

22/s

t/6

ts/6 - 27/7

t22

52

24

3

Lt4

8

8



7

Appendix 4.

Date of

Exanination

Presence of four comparatively rare species on the plates

from the experiltetrLal troughs.

(a) The barnacle BaTanus amphÍtrite

Dose of chLorine

Inteflnittent 0.2 0.4

(pptn)

0.8 1.5 3.0

Controls

t2

8/2/73

22/2

22/3

tB/ 4

2/s - 18/10

(i) Four-week glass Plates.

766
132

571

(ii) Eight-week concrete- asbestos plates.

2L18139-

L218882-

59t2

1-

L25 32 L4

t4 3L

lL No datun

1-

26/ sl 73

sl4

Ls/4

22/s

L/6 - 27/7
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Appendix 4 (cont.)

(b) The nud-mussel ¡úodiolus inconstans.

Date of

Exa¡nination

Dose of chlorine (PPn)

Intermittent 0.2 0.4 0. B 1.5 5.0

Controls

L2

(i)

(ii) Eight-week concrete asbestos plates'

Four-week glass Plates.

328/2/74

22/2

22/3

rB/ 4

2/s

L6/s

30/s

Lsl6

27 /6

1L/7 - r9/ts

3

1

1

2

1

3

1

2

1

2 No datu¡n

1

1

26/3/73

e/4

Le/4

22/s - 27/7

L7

6

1
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Appendix 4 (cont.)

(c) The oystet ostrea angasí.

On four-week plates, oysters ü¡ere found on one date only :

8/2/73, one in each of intermittent and 0.2 ppm troughs.

0n eight-week plates, oysters wele again found on only one date

26/3/73, 2 in intermittent trough.

(d) The anemone Anthothoä albocincta-

Date of

Exanination

Dose of chlorine (PPtn)

Intemirtent 0.2 0.4 0.8 1.5 3.0

Controls

1 2

(i)

28

(ii) Eight-week concrete-asbestos plates.

10

Four-week glass plates.

8/2173

22/2

22/3

t8/4 - zLle

4/Lo

L8/L0

26/3/73

el+

ts/ 4

22/s

L/6 - 27/7

1

15

L4

14 No datun

L6

1



10.

Appendix 5.

Date of

Exanination

presence of the serpulid EuTaeospìIa convexjs on plates

fronr the eltperfmental troughs.

(a) Two-week glass Plates.

Dose of chlorine (PPm)

Internittent 0.2 0.4 0.8 1'5 3'0

Controls

1 2

11

4

1

2

2

2s/Ll73

sl2

22/2

4/4

t8/4

2/s

t6/s

30/s

13/6

27 /6

Lt/7

2s/7

1ol8

23/8

s/e

Le/s

3/ to

18/10

62L

794
No data

23 78

20 49

7L4

38

-8
27

1-

13

74

19

3

3

9

32

5

2

5

2

1

4
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Appendix 5 (cont.)

(b) Four-week glass plates.

Date of

Exanination

Dose of chlorine (ppn)

Interrnittent 0.2 0.4 0.8 1.5 3.0

Controls

1 z

3

5

30

16

L

4

2

3

4

5

8/2/73

22/2

22/3

L8/ 4

2/s

t6/s

30/s

L3/6

27 /6

Lr/7

26/7

Lo/8

23/8

6/e

2L/s

4/10

18/10

55

44

97

3L

28

15

11

t2

3

3

3

7

7

4

4

4

86

155

No datu¡n

66

32

100

2T

4L

L7

5

5

5

22

5

11

7

52

1

2

8

11



L2.

Appendix 5 (cont.)

(c) Eight-week concrete-asbestos plates.

Date of

Exanination

Dose of chlorine (ppn)

Internittent 0.2 0.4 0.8 1.5 3.0

26/ 3/73

sl4

te/ 4

22/s

Ll6

ts/6

27 /7

70 2

T3

3

3

1
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Appendix 6.

Date of

Exanination

Numbers of six species present on eight-week glass plates

sanpled in early 1974.

Dose of chlorine (PPtn)

Intermittent 0.2 0.4 0. B 1.5 3.0

(a) HgdroÌdes norvegica-

424/r/74

7/2

7/3

24/1.

7/2

7/3

24/ t

7/2

7/3

24/L

7/2

7/3

22

33 19

28 5

(b)

10

1

(c) Modiolus inconstans-

24

I

11

(d)

Balanus amphíttite.

3

4

)

L2 1

1

Osttea angasi.

1

2



L4.

Appendix 6 (cont.)

Date of

Examination

Dose of chlorine (PPm)

Internittent 0.2 0.4 0.8 1.5 3.0

24/L

7/2

7/3

24/t

7/2

7/3

(e) tutthothoä aLbocincta.

19

19

99

(f)

47

420

Eulaeospira convexis.

32

6

6



15.

SECTION B : Thermal effluent and epifauna'

Appendix 1 (a) Vüeights of growth on two-week plates from 6

locations , 2 in North Arn and 4 in Angas Inlet'

(i) Total weights (listed in grarns).

Date cll¡(0s) Jetty

2/ 6/72

L6/ 6

30/ 6

|s/7

27 /7

L6/8

30/8

13/s

27 /e

tt/L0

2s/t0

8/tt

22/tr

6/ L2

20/L2

s/Ll73

L7 /t
3L/L

t4/2

28/2

r4/3 - 28/3

LLl 4

0.02

0.02

0.02

0.02

0. 03

0,02

0. 13

0.20

0. 10

0. 09

0.32

0.14

0.2s

0.22

0.19

0. 15

No datun

0. 16

0. 52

No datu¡n

cl¡J(Ns)

0.76

1. 04

No datr¡¡n

Outfal1

0.29

0.20

0.25

0.26

0.45

2.L5

0.42

0.41

0.97

0. 96

0. 45

0.67

0. 41

0. 09

0. 35

0.32

0.L2

0. 05

0. 10

0.05

0.29

0. 28

0.24

0. 39

0.32

0.38

0.23

0. 9ó

0,46

0. 5B

0.21

0. 19

0.2s

No datun

30R

I

I

l

,'l
.l

0.32

0. 35

1.16

0.71

0.69

0.10

0.50

0. 06

No data

0. 08 0.20 0. 19 0.L7



L6.

Appendix 1. (a) (i) (cont.).

Date CW(OS) CW(NS) outfall Jetty 30R

26/ 4 /73

Lo/s

23/s

6/6

20/6

4/7

t8/7

t/B

1sl8

2s/ I

t2/s

26/s

1.0/to

24/ Lo

7 /Lr

22/ Lt

s/ t2

Ls/ t2

3/1/7 4

L6/ t

sL/7

t3/2

27 /2

L3/ 3

27 /3

L0/ 4

24/4

8/s

0. 06

0.05

0.02

0. 03

0. 04

0. 03

0. 03

0. 06

0.02

0.08

0.02

0.14

0.22

0.2L

0.27

0.70

1. s9

0. 86

0. s7

0.35

0.29

0.40

0. 89

0.28

0.08

0. 04

0. 05

0. 03

0. 09

0. 10

o.t2

0.08

No datun

0. 03

0.02

0. 01

0.02

0. 06

0. 03

0. L4

0.72

1.15

0.58

0.94

2.7r

3.L6

0. 90

7.14

0. 55

L.10

t.76

L.s7

2.81

No datum

No datum

0. 14

0. 09

0.L2

0.03

0. 05

0. 03

0. 07

0. 09

0. 05

0. 06

0. 06

0. 03

0. 05

0.23

0. 51

0. 63

0.90

0. 88

0. 51

0. 61

0. 49

0. 49

0.27

0. 51

0.12

0. 30

0. 04

0. 05

0.05

0.08

0. 03

0. 04

0. 03

0. 03

0.09

0. 07

0. 05

0. 03

0.LL

0. 06

0.06

0. 31

0.26

0. s6

0. 56

0. 33

0. 28

0.23

0.23

0,25

0.37

0. 75

0.32

0.27

0. 06

0. 06

0.02

0. 1.6

0.11

0.13

0. 08

0. 06

0.04

0. 06

0. 07

0.06

0.09

0. 09

0. 14

0.22

0.41

0. 49

2.36

0.58

0.t2

0.09

0. 17

0.43

0. 10

0. 54

0.2t

0.40

0.03

0.06

No datun

0. 06

0. 04

0.03

0.09

0.25

0.L2

0.17

0.2r

0. 31

0.67

0.69

t.L6

0.32

0.46

0.23

0. 14

0.22

0. 13

0. 06

0. 03

0. 04

0.02

28R



Date

17.

CW(OS) CW(NS) outfall JettY 30R 28R

I

I

i

I

I

I

I
i

22/s/73

7 /6/74

21/6

s/7

te/7

2/8

L6/8

30/B

t2/s

26/e

L0/10

24/to

7 /tL

2t/tl
s/t2

Le/L2

2/u7s

L6/L

30/r

tsl2

27 /2

0. 04

0. 09

0. 04

0. 05

0.04

0. 03

No datum

0. 16

0. 30

0.17

0.39

0.34

0.20

0.L7

0. 31

0.41.

0. 31

0.27

No datum

o.2L

0. 10

0.12

0.20

0.02

0.02

0. 05

0. L6

No datum

0.23

0. 08

0. 95

0.74

0. 88

0.79

0.61

1.43

5. 11

No datun

No datu¡n

No datum

No datun

No datum

0.07

0. 35

0.37

0.02

0. 83

1.3L

1.53

No datun

0.45

No datun

0. 48

No datun

No data



L8.

Appendix 1 (a) (cont.)

(ii) Organic weights (data li.sted in rnilligrams).

Date cl4l(0s) Outfall Jetty

30/8/72

L3/s

27 /s

tt/Lo

2s/to

8/Lr

22/rt

6/72

20/L2

slL/73

77 /L

31/r

L4/2

28/2

14/3 - 28/3

tLl4

26/4

to/s

23/s

6/6

20/6

4/7

L8/7

Ll8

1sl8

2s/8

36

28

3L

18

68

z4

59

61

44

60
cl,ll(Ns)

No datun

ss 222

181 3L3

No datun No datum

No data

24 23

16 20

625

846

1L 3L

L4 No datun

55

72

ls2

69

19 33

s7

59

68

82

226

464

184

t36

312

299

L78

L76

t24

27

87

6L

84

113

96

101

92

427

159

207

1.19

61

85

No datu¡n

60

50

9

9

3

10

2L

15

10

7

28

50R

L04

140

647

436

282

34

185

63

29

65

6

8

11

15

20

8

L7

18

51

58

46

4S

25

20

I

t4

18

L7

26

28R

L8

5

7

24



Appendix 1 (a) (ii) cont.)

Date CW(OS) CW(NS) 0utfa11 JettY 30R

12/e/73

2o/g

r0/Lo

24/t0

7 /Lt

22/Lr

s/12

Ls/L2

3/ L/7 4

L6/L

3L/ L

t3/2

27 /2

13/3

27 /3

L0/ 4

24/4

8/s

22/s

7/6

2L/6

s/7

te/7

2/8

16/8

30/8

L2/s

9

63

294

479

225

269

719

LOTT

202

297

168

413

624

539

916

No datum

No datun

84

4l

3L

62

93

88

L7l

528

t07

42

33

54

115

44

95

7T

151

L2

19

No datum

No

19.

28R

53

48

60

90

124

L53

189

353

120

11s

55

22

61

45

19

9

L2

6

6

49

61

72

66

191

4L2

257

183

L47

74

145

263

75

26

19

10

10

T3

19

8

L2

11

33

10

20

67

149

222

2t7

284

t28

168

t27

t64

10s

163

46

93

1B

2B

72

L6

1s

19

89

69

137

195

t20

97

92

47

74

109

186

113

94

18

25

5

6 data

No data

49

7

18

81

90

81

No data

37
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Appendix 1 (a) (ii) (cont.)

Date cw(os) cI,lI(Ns)

26/e/74

tol Lo

24/L0

7 /LL

2L/LL

s/t2

Le/L2

2/t/7s

L6/ 7

30/L

t3/2

27 /2

40

113

97

61

60

94

r46

No datum

78

No datum

49

34

346

2t5

435

375

34s

738

L289

No datum

No datum

No datun

No datun

No datum

Outfall

94

I2B

Jetty

23t

332

323

No datum

LL2

No datun

t44

No datun



2L.

Appendix 1 (cont.)

(b) weighLs of growth on four-wcck plates from 6 locations,

2 in North Arm and 4 in Angas Inlet.

(i) Total weights (listed in grams).

Date cl,ll(os) Jetty

t6/6/72

sol6

t3/7

27 /7

0.ls

0. 13

0. 06

0.06

0.08

0.34

0. 48

0. 61

0. 50

1.02

0.37

0.90

1.. 55

0.83

1 .61

No datun

No datum

L.28

No datun

No

No datum

No

0. 09

23/8

30/8

L3/s

27 /e

Lt/Lo

2s/to

BlrL

221LL

6/t2

20/L2

3/Ll73

t7 /L

sLlL

74/2

28/2

t4/3

28/3

rL/ 4

26/ 4

Outfall

a.74

0.42

0. 18

0.26

0. 50

0.29

0.76

0. 38

1. 01

0. 79

1. Ló

L.76

1. 81

1.45

2.64

r.67

0.82

0. 59

No datun

0.50

o.67

0.41

0. 55

L.42

1.s6

2.26

LL.44

6.L7

4.0s

2.L5

L.40

0. 96

30R

cl4l (Ns)

5. 60

No datun

data

No daturn

data

0.1"4

3.98

2.54

0.93

0.62

0.43

No datun

0.83 No datum 0'58

0. 56 0. 14 0.28



22.

Appendix 1 (b) (i) cont.)

Date CW(0S) Clll(NS) Outfal1 Jetty 30R

rol s/7s

23/ S

6/6

20/ 6

4/7

t8/7

L/8

Ls/ 8

2s/8

t2/e

26/s

LOl L0

24/ to

7/tt

22/rI

s/L2

L9/t2

3/ L/7 4

L6/7

3t/ L

Ls/2

27 /2

13/ 3

27 /3

ro/ +

24/ 4

8/s

22/s

0. 10

0. 06

0.07

0. 1s

0.L2

0. 15

0.22

0. L6

0.22

0.24

0. 19

0.42

0 .57

1.39

5. 03

5. 56

7.77

2.89

1. 35

L.42

3.22

3.t7

s.2B

2.40

1. 50

o .47

0.r5

0,r2

0.22

0. L8

0.12

0. 1,5

0. 1_6

0.25

0. 18

0.t4

0. 31

0.26

0. 19

0. 81

1. s4

L.20

3,43

3.53

1.05

t.63

L .87

I.32

1 .45

1 .89

1.98

1. s6

I.L3

o.34

0. Ls

0.L7

o.t7

0. 14

o.L2

0.08

0.20

0. 5B

0. 36

No datun

No daturn

0. 03

0. 11

0. L3

0. L3

0. 59

1.10

2.r7

No datun

4. 15

2.99

6. 40

14. Ls

0. 56

L.70

L.65

6. 55

2.03

9.75

7 .24

No datum

0. 58

No datum

No datun

No datum

0.27

0.26

0. 13

0. 09

0. 14

0. 16

0. 15

0. L1

0. 15

0.18

0.20

0.90

1.16

1. 88

1.L7

4.96

r.64

2.02

r.33

0.85

I.76

0.57

1.38

0.50

0.46

0.t7

No datum

No datum

0. 09

0. 15

0. L3

0.37

0.22

0.28

1. 30

2.05

2.77

2.93

L.63

t.49

2.L2

r.77

L.20

2.46

2.68

2.9L

1.95

No datun

0.42

o.t4

0. 09

28R

0.27

0.11

0.39

No datum

No datum

0.s2

0.70

t.23

2.52

2.9I

1.85

4.40

1 .60

L.29

2.26

2.42

1. 89

1. 06

0 .40

0.t2

0. 08

No datum



23.

Appendix 1 (b) (i) (cont.)

Date cl/ll(os) cl\I(Ns)

7 /6/74

2L/6

s/7

ts/7

2/8

L6/8

5ol8

t21s

26/s

to/Lo

24/L0

7 /rL

2L/LL

slL2

Ls/t2

2/t/7s

L6/r

s0/r

t3/2

27 /2

0.27

0.29

0.19

0.18

0. 11_

No

0.43

L.33

0. 89

0.73

o.7t

0. 70

o.7L

0. 94

3. 9B

8.97

2.03

No

I.23

2.92

No datum

No datun

0. 48

0. 08

L.34

data

2.0

5.3

No datu¡n

2.30

6. 88

3.t

4.06

4.t7

1s. 9

No datun

No daturn

data

No datum

No datun

Outfal1

L.43

Jetty

4.38

4.87

t2.00

2.L8

1. 61

No datun

1. s5

1. 18



24.

Appendix 1 (b) (cont.)

Date cl\I (os)

30/8/72 81

(iil Organlc weights (listed in milligrams) '

Jetty
Out fal I

t3/s

27 /e

TL/TO

2s/Io

8/ tL

22/7t

6/t2

20/t2

3/t/73

17/L

3L/L

t4/2

28/2

14/3

28/3

tr/ 4

26/ 4

Lo/s

23/s

6/6

20/ 6

4/7

tB/7

t/8

1 s/B

233

r36

116

216

62

226

538

235

453

No datum

No datum

423

No datun

No

No datum

No

26

24

18

t4

44

21

39

68

45

103

t73

t23

303

778

928

L224

1 800

1181

867

405

430

503

87

179

138

288

2L4

816

t07t

67t

724

590

479

218

85

No datum

30R

740

t244

568

306

110

No datun

78

93

76

42

34

45

45

34

27

clll (Ns)

423

No datum

data

No datum

data

40

57

L25

LL5

No datun

No datum

6

4I

67

185 No datum 196

200

59

54

23

47

4P,

59

43

35

s4

49

46

32

29

No datum

26

40

2BR

54

55 29



Appendix 1 (b) (ii) (cont.)

Datc CW(OS) CW(NS) outfall JettY 30R

2s/ 8/73

L2/ s

26/s

L0/70

24/ r0

7 /LL

22/Lr

s/L2

t9/ t2

3/t/74

L6/L

3L/t

L3/2

27 /2

rsl 3

27 /3

to/ 4

24/4

8/s

22/s

46

273

4s4

708

No datun

L26T

798

1 650

3247

169

339

s76

1695

L020

L85 2

L804

No datun

20L

No datun

No datum

98

78

67

245

327

429

6L2

824

92

51

70

275

429

588

702

363

s69

673

336

320

634

600

663

4s7

No datun

101-

72

t7

52

52

84

2t0

351

566

585

108 9

330

506

222

t74

4tt

158

530

151

t20

4B

No datun

No datun

25.

28R

91

No datum

No datun

139

L76

3L3

569

720

555

1690

s67

300

387

511

392

181

86

4t

27

No datum

60

65

63

118

t72

335

566

1378

4Bs

685

668

391

570

713

LT34

418

240

tL4

43

32

580

s07

4r2

422

333

422

343

4r9

240

97

51

46

7/6

2t/6

s/7

Le/7

2/8

t6/8

30/B

L2/g

No datun

No datun

292

27

7L0

900

2300

83

No datun

56

55

43

No data

98

358



26

i

ì

I

I

I
J

ì

I

.l

I

I

I

!

I

l

Appendix 1 (b) (ri) (cont.)

Date cw(os) clll(NS)

26/e/74

LolLo

24/Lo

7 /Lr

2r/tL

slL2

Le/L2

2/t/7s

L6/1

30/L

L3/2

28/2

24L No datun

224 790

195 2440

223 1200

225 1790

313 2280

s06 5200

No datum No datu¡n

525 No datum

No data

328 No datum

752 No datun

Outfa1 1

469

359

254

Jetty

944

979

No datun

689

394



27.

Appendix L (cont.)

(c) wcights of growth on eight-week plate-s fron 6 locations, 2 in

North Arm and 4 in Angas Inlet.

(i) Total weights (listed in grams).

Date cl4I (os) Jetty

7 /s/72

27 /s

tt/rc

25/Lo

8/11

22/tL

6/12

20/L2

3/7/73

L7 /L

3L/L

14/2

28/2

L4/3

28/3

rL/ 4

26/ 4

1ols

23/s

6/6

20/6

4/7

t8/7

Ll8

0. 94

L. 04

2.60

L. 85

0. 63

4.33

7 .73

3.75

8.97

No datun

No datum

No datun

No datun

8. 18

5. sl,

No datun

0.27

0. 35

0.34

No datum

No datun

0.33

Outfall

L. L9

1. 06

r.67

2.03

L .47

1. 01

lL.29

19.89

40.3

L9.78

2.58

1. 40

r.57

4.24

1. 01

0.32

o.2I

0. 1B

0. 1B

0. 2B

0.32

0.77

1.91

t.24

2.7t

2.70

L.72

t.74

2.t0

s.62

9. 53

9. 13

No datun

30R

7.76

No datun

0. 91

3.47

2.98

4.84

2.95

0.67

0.77

0.25

0.26

0. 31

o.29

No data

cl,tJ (Ns)

¡¡o@

0.63

No datum

No datun

No datun

No datun

No datun

6.L6

2.67

No datu¡n

1..17

0.66

0.32

No datum

0. 16

0.20



Appendix 1 (c) (i) (cont.)

Date CW(OS) CW(NS) 0utfa11 Jetty 30R

4.70

t7 .s7

t4.7t

9.82

8. 51

L2.84

L3.25

11. 96

L3.4L

19. 15

L7.24

15. 3L

7. 88

4. 90

7.87

L.62

r.02

L. B8

8.32

20. 55

No

B. 59

16. 53

28.00

40.27

L4. 88

B. 03

7 .8s

t2.I9

L6.36

37 .1,2

2L.93

No datun

s.23

7.00

No datum

4. 90

L1.30

7. 09

4.71

s.67

6. 18

74.02

9. 59

7.00

9.28

6. 53

8. 8L

7 .1,r

3.97

1.84

0. 18

0.42

0. 91

0.54

3.07

t0.73

15. 16

10. 04

10. 80

8.54

5.02

6. 80

t4.t2

14. 50

15.40

16.0s

6.52

3. 60

1. 30

r.24

3.67

2.74

4. 59

T2.L3

18.15

No datun

19.22

9.89

ts.47

6.39

3.65

9.73

3.75

No datunì

No datum

28.

2BR

0. 51

No datum

No datum

No datum

4.8s

16. 38

18.03

26.42

3.52

5.79

25.67

L5.59

L4.s4

5.99

6. 18

6.28

3.36

2.94

No datun

Ls/8/73

2s/8

t2/s

26/e

r0/ L0

24/r0

7 /LL

22/LL

sl12

ts/12

3/t/74

t6/1

3UL

L3/2

27 /2

t3/ 3

27 /3

t0/4

24/ 4

8/s

22/s

7/6

2L/6 - s/7

Ls/7

2/8

L6/B

30/ 8

0.27

0.35

0.53

0. 36

0.89

0.20

0.20

3.74

0. 36

r.34

0. 35

0.47

0.92

0.76

2.07

data

1.10 No datun

No data

0.38 No datum

0.24 4.40

No data

0.86 10.5



29.

Appendix 1 (c) (i) (cont.)

Date cl'l(os) cl^¡tNS)

12/s/74

26/e

L0/ t0

24/ L0

7/tt

21./7L

sl L2

7s/ L2

2/r/zs

L6/7

30/ r

1.3/ 2

1. 90

2.92

t.76

L.66

1. 56

L. 54

10.30

27 .9

38. 1

42. r

10.0

L4 .7

4.8

No datun

L0. 8

48.2

141. 8

54.7

44.r

No datum

No datum

No data

No datum

Outfall

6.2

Jetty

28.3

28.9

6.7



Appendix 1 (c) (cont.)

(ii) Organic weights (listed in grans).

Date clll (os)

7 /e/72

27 /s

n/Lo

2s/ Lo

B/17

22/tt

6/L2

20/12

3/ Ll73

L7/L

3t/t

t4/ 2

28/2

L4/3

28/3

LI/ 4

26/ 4

10/ s

23/s

6/6

20/ 6

4/7

tB /7

T/B

rs/ I

2s/8

1.56

L.24

Outfal 1

0. 60

0.45

0.96

t.2B

0.81

0. 52

2.Ot

t.77

5.L2

2.62

0. 69

0.26

o .37

0. 87

0.52

0.10

0.07

0. 05

0. 05

0. 07

0. 09

0. 14

30

28R

0.25

0.26

o.4L

0.49

0.77

0. 83

1. 57

0.94

2.53

No datun

No datum

No datum

No datum

Jetty

0. 14

0.27

0.50

0. 39

1.15

7.46

1. 01

t.04

t.24

1 .4s

L.32

L.66

No datun

0. 61

0.71

No datum

0. 33

0.19

0.12

No datum

0. 06

0. 06

0. 05

o.r2

30R

1. 13

No datun

0.20

0.46

0.34

0.77

0.24

0.23

0.34

0. 08

0. 0B

0.09

0. 07

0. 0ó

0. 06

No data

cl4l(NS)
No--tfãta

No datun

0. 09

0. 07

0. 09

No datun

No datu¡n

0. 10

0. 09

0. 11

0.19

No datun

No d¿rtun

No datun

No datun

No datun

0. 84

0.36 0. s1



Appendix 1 (c) (ii) (cont.)

Date CWIOS) CW(NS) Outfall JettY 30R

L.36

3.27

3.07

2.L9

r.49

2.2L

2.06

2.07

2.68

2.7s

2.07

2.48

1. 13

t.24

0.34

0.29

No

0. 13

0. 08

No

0.23

0.55

0. 78

0.25

0.2L

0.44

t.02

1. 81

1, ,47

1. 31

1.46

1.28

3.61

2.43

2.43

2.49

L.20

t.L7

0. 86

0.62

4.24

0.22

0.15

0. 07

2.L2

3. 1L

1.99

t.82

2.28

L.2l

2.26

3.51

5. 95

3.26

3.05

1.22

0.64

0. 4s

0.51

7.2I

0. 84

1.0s

t.78

2.73

No datum

3. 86

1.s1

t.92

0. 84

0. 53

L.28

0. 53

No datt¡rt

No

JI.

28R

No datum

No datun

No datun

1.55

2.49

3.66

4.44

L.20

1.95

3.27

4.03

2.25

0. 98

1.10

0.99

0.s2

0. 56

data

L2/e/73

26/s

t0/L0

24/t0

7 /LL

22/LL

s/L2

ts/L2

3L/L/74

16/t

3L/L

L3/2

27 /2

L3/3

27 /3

LO/4

24/ 4

8/s

22/s

7/6

2L/6 - s/7

Ls/7

2/8

L6/8

30/8

t2/e

26/e

0.70

3. 09

s.89

No

2.05

4.L4

6.46

10. 39

3. 98

2.1,4

1. 81

1.96

3. 15

6.77

4.04

No daturn

1.1s

2.s7

No datum

No datum

data

No datum

2.07

data

6.5

5.2

2.0

0.14

0.L2

0.23

t.94

0. 13

0.34

data



32

Appendix 1 (c) (ii) (cont.)

Dato clll(0s) cl4r(NS)

L0/r0/74

24/LO

7 /rL

2r/ 7L

s/ L2

Ls/12

2/L/ts

16/ 7

30/ 1.

L3/2

0. 49

0.46

0.37

0. 58

2.4r

5.L

No

5.2

No

1.8

data

data

No datum

4.25

15. 6

36. 5

18.9

13. 1

No datun
outfall

No datun t.2

Jetty

No daturn

2.6

1,.4



Appendix 2.

Date of

examination

2/6/72 - L3/7/72

27 /7

10/8

16/ 8

so/ B

L3/ s

27/9 x

LL/LO x

ZS/LO 1

8/17

22/LL t

6/t2 x

2o/L2 2

3/L/73 7

l7/I No datun

sL/t x

t4/2 37

28/2 No datum

L4/3 - 28/3

tt/4 2

26/ 4

cI4I(NS)

1

29

No datun

No data

60

No datum 2

33.

Presence of the compound ascidian Leptoclinum ragneri on

plates from six locations, thro in North Arm and four in

Angas Inlet. Abundance is shown as the percentage of the

plate covered by the ascidian.

x denotes that a snall amount lvas present.

(a) Two-week plates.

clll(0s) Jetty

X

Outfal I

x

X

x

2

5

66

19

73

6

x

X

x

X

x

x

1

x

1

6

15

59

10

18

9

30R

22

83

77

?

3



Appendix 2 (a) (cont.)

Date of

Exanination CW(OS) Clll(NS) 0utfa11 Jetty 30R

34

28R

Lo/s/73

23/ s/73

6/6

20/6

4/7

L8/7

Ll8

1slB

2e/8

t2/e

26/9

Lo/L0

24/Lo

7 /LL

22/tt

s/12

ts/t2

3/L/74

L6/t

37/t

L3/2

27 /2

t3/3

27 /3

t0/4

24/4

8/s

19 5

4

1

L

x

x

xx

2

2

1

No datun

x

No datun

No datun

1

L

6

7

1

x

1

22

21

19

x

x

2

34

26

10

x

I

1

2

2

L0

x

x

x

6

x

x

x

x

x

2

x

x

6

9

32

4

16

27

x

x

L

1

x

1

x

x

X

x

No datr¡m



35.

Appendix 2 (a) (cont.)

Date of

examination

22/s

7/6/74 - 26/s/74

t0/L0 x

24/70

7 lrL L

2L/ 1.L 1

5/L2 x

rs/rz 1

2/1./7s 1

r6/L 4

30/L 2

13/ 2

27/2 3

CW(OS) CW(NS) outfall Jetty 50R 28R

xL No data

No datum

No datun

No datun

No datun

No datun

4

X

3

x

4

5

3

x

No daturn



36.

Appendix 2 (cont.)

Date of

examination

L6/ 6/72-30/ 6/72

(b) Four-week plates.

cIlI(0s) Jetty

ts/7

27 /7

1ol 8

2s/8

s0/8

L3/s

27 /s

tL/Lo

2s/10

8/tL

22/rL

6/ L2

20/12

3/7/73

L7 /L

3t/L

L4/2

28/2-L4/3

28/3

rL/4

26/ 4

Lols

23/S

6/6

x

x

1

1

x

x

x

3

2

L

24

No datun

No datun

66

cÌll(Ns)

Outfall

X

6

11

24

80

100

98

39

x

40

L2

1

x

x

x

x

x

x

1

3

11

74

100

78

75

2t

20

58

30R

33

100

97

75

19

No datun No datun

No d,ata

No data

No datum

'l
:.1

I

I

-l
ll
'l

5

2

3

7

5



Appendix 2 (b) (cont.)

Date of

examination CIII (OS) Cltr(NS) Outfall Jetty

No datun

37.

28R

No datum

No datun

2

50R

2

1

20/ 6/73

4/7 /73

78/7

r/8

Ls/8

2e/B

L2/e

26/e

LolLo

24/Lo

7/Lt

22/Lt

s/1.2

te/L2

3/L/74

t6/ L

3t/L

L3/2

27 /2

L3/3

27 /3

Lo/ 4

24/ 4

8/s

22/S

No datun

No datun

No datun

10

2

L0

2 No datu¡n

No datun

No datum

x

X

x

1

x

x

x

6

5

L3

6

51

10

25

x

2

)

2

67

29

50

t4

44

45

18

x

x

x

L2

50

47

44

29

13

x

1

6

16

8

59

46

2

13

1

x

9

6

6

2

22

x

X

No datun

62

No datun

x

x

X

11

x

2

x7/6

No data

x



38.

Appendix 2 (b) (cont.)

Date of

exanination CW(0S) CW(NS)

2t/6/74-2/8/t+

16/8

30/ 8-t2/ s

26/e

Lo/L0

24/ Lo

7/rL

2r/ LL

s/t2

1.9 / L2

2/L/7s

L6/ L

30/t

13/ 2

27/2

3

X

x

x

x

t

x

X

5

10

62

30

17

5

No datun

No datun

No datum

No datun

No datum

J etty

64
Outfall

65

11 20

No datum 22

No datum



59.

Appendix 2 (cont.)

Date of

examination

(c) Eight-week plates.

cIlI (0s)

7 /e/72

27 ls

L7/L0

2s/to

8/tL

22/LL

6/12

20/L2

3/L/73

L7 /t
3L/1-28/2

t4/3

28/3

7L/4

26/ 4

tols

2s/s

6/6

20/6

4/7

t8/7

7/8

Ls/8

2s/8

t2/e

1

6

L6

10

1

3

x

2

t2

Outfall

58

64

96

100

100

75

x

3

1

37

Jetty

x

3

10

33

50

98

100

100

98

36

30R

No datu¡n

2

No datun

1

1

No datun

No data

cl'l(Ns)

¡¡o-ffi
1

No datum

No datu¡n

No datun

No datum

No datum

52

No datum 4

100

19

3

1

x

1

x

x

2

39

61

4

2

x

x

x

J

No datun

x

x

x

28R
t,l

No datun



Appendix 2 (c) (cont. )

llat.e of

exanination

26/s/73

rc/LA

24/t0

7 /LL

22/7L

slL2

Le/L2

3/t/74

L6/ L

3L/r

L3/2

27 /2

L3/3

27 /s

L0/ 4

24/ 4

8/s

22/s

7 /6-30/8

L2/e

26/ e

t0/t0

24/L0

7/tL

2L/LL

s/r2-te/t2

5

11

20

22

48

t6

81

97

No datun

11

74

40

28R

No datum

No datun

No datum

x

. 1"4

1

94

56

72

18

18

95

48

28

No datum

No datun

CW(OS) CW(NS) outfall Jetty 30R

x

x

L

5

27

48

22

50

7

30

26

L2

10

28

x

10

1_0

3L

45

6

85

x

1

72

t5

5L

58

24

88

1

x

3

1

2

3

5

62

6

100

4t

No datun

No datun No datum

7

x

L

x

1

2

I

33

No datum



4L.

Appendix 2 (c) (cont.)

Date of

examination cI4I(os) cl^l(NS) Jetty

2/ L/ 7s

t6/r

30/L

73/2

24

26

53

95

88

64

93

2t

No datum

No datum
Outfal 1



42.

Appendix 3

Date of

examination

2/ 6/72

1.6/6

30/6

L3/7

27 /7

L0/B

16/8

30/8

L3/s

27 /s

LtlLo

2s/ro

8/rL

22/tL

6/12

20/t2

3/7/73-17 /L/73

L4/2

28/2

L4/s-28/3

rt/4

26/ 4

Lol s/73

Presence of the hydroid TubuTaria sp. on tr^Jo-week plates

fron six locations, two in North Arm and four in Angas

Inlet. 0n those occasions where the data were adjusted

to al.low for the presence of, Leptoclinum ragneri, the

actual number of settlementsis show in brackets.

clll(0s) Jetty

11

9

I

19

L

5

5

4

9

7

11

6

18 (17)

1e (16)

10 (4)

30R

1

1

3

9

Outfal 1

2t (20)

18 (6)

30 (24)

6

1

2

1

1

1

4s

L4

1

7

No data
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Appendix 3 (cont.)

Date of

Exanination

2s/s/73

6/6

20/ 6

4/7

L8/7

t/8

1sl8

2e/8

L2/s

26/s

LolLo

24/L0

7 /tL

22/1,L

sl12

te/t2

3/L/74

t6/L

3t/t-27 /3

tol4

24/ 4

8/s

22/s

7/6

2t/6

s/7

CW(OS) CW(NS) outfall JettY 50R

56

26

No datun 1
28R

')

3

11

28

2L

95

many

nany

many

many

50

30

40

t4

1T

1

6

6

27 (2t)

s (4)

10

I

37

6 (s)

2

9

15 2L

9

9 1

3

3

L1

L

L2

30

TL4

10

L

3 (2)

1No datum

No datum

9

26

80

1

No datum

74

t3 No data
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Appendíx 3 (cont.)

Date of

examination cltl(0s) cl,ll(Ns)

Ls/7

2/8

L6/ 8/74

3ol8

L2/s

26/s

to/ ro

24/tO

7/LL e

2t/ n
s/L2

LslL2 1

2/ L/7s

L6/L/7s-27 /2/7s

84

many

rnany

nany

2

many

many

many

many

5

15

many

No datum

Jetty

5

6

1



Appendix 4.

Date of

exarnination

2/ 6/72-t3/ s/72

27 /s

tLlLO

2s/ 70

8/Lt

22/7r

6/t2

20/L2

3/ L/ 73

L7/7

3L/L

14/2

28/2

t4/ 3-28/ 3

LL/4

26/ 4

L0/ s

23/s

6/6

20/ 6

4/7

L8/7 -24/ L0

B

L8

4s (48)

1s (14)

No datum

340

28e (182)

No datum

cl'l(Ns)

2

1

No datum

No data

15

10

40

64 (60)

2s 
'.2s)

ls (6)

1

3

1

7

No datum

52

222

74

45.

Presence of the endcproct LoxosomeTTa kefersteinÍ on two-

week plates frorn six locations, two in North Arn and four

in Angas Inlet. 0n those occasions when the data were

adjusted to allow for the presence of Leptoclinum ragnerí,

the actual number present is shown in brackets.

cl,'l(os) Outfal1 Jetty

30R

L3 ( 11)

4

L

5

L3

64

I4

1

1

16

2

1

5

5No datun



Appendix 4 (cont.)

Date of

examination

7 /t[l73
22/ 1.7-S/ L2 -

ts/ 12

sl t/7 4

L6/r

3L/ t

L3/2 1

27/2 22

Ls/ s-Lo/ 4

24/ 4

8/s/74-27 /2/ts

46

28RCW(OS) CW(NS) outfall Jerty 30R

(16)

6

1

8

1

1



Appendix 5.

Date of

exanination

2/6/72-27 /sltz
LL/Lo

2s/L0

8/rL

22/L1

6/t2

20/L2 1 '

3/Ll7s

L7/l No datu¡n

suL L

tt/+

26/4

to/s

23/s

6/6

20/6

4/7

18/7

rl8

ts/8

47.

Presence of the bryozoan watersÍpora subovoidea on plates

from six locations, two in North Arm and four in Angas

In1et.

(a) Two-week plates. 0n those occasions when the data

wereadjusted to allow for the presence of LeptocLinut

ragneri, the actual ntrmbers present are shown in

brackets.

Ctrr(0S) Outfal1 Jetty

L

L

1

2

6 (s)

1

7 (6)

30R

1

CI/ir(NS)
1

1

7

1

1

1

1

1

1

1

28R

1

1

3

No datum



Appendix 5 (a) (cont.)

Date of

exanination CW(OS) CW(NS) outfall JettY 30R

4

5

t2 (11)

6 (s)

10 (8)

s (4)

Outfal 1

t2

e (6)

31 (23)

20 (18)

22

29

L

48.

28R

2

1

5

19

28

11

3

48

15

19

26

32

26

2s/8/73-26/s/73

t0/t0

24/L0

7 /LL

22/Lr

slt2

]-9/12

3/t/74

76/L

3r/L

73/2

27 /2

L3/3

27 /s

rol4

24/4

8/s

22/s

7/6-7/LL

2r/LL

slt2

7e/t2

2/tl7s

76/ L

30/L

L3/2

27 /2

2 1

1

3

1

2

4

3

6

7

4

3

2L

22

No datum

No ðata

L

1

7 (s)

11

10 (B)

2s (18)

45

34

24

26

L7

')

1

No datum

No datum

6

1

No datun

No datun

No datum

No datun

No datun

1

2

3

1 2

L

1

1 27

2

5

2

7

2B

64

70

6

3

2

I

5

6

26

15 No datum
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Appendix 5 (cont.)

Date of

exanination

16/ 6/72-13/ s/72

27 /s

LL/rc

2s/70

8/ LL

22/Lt

6/12

20/L2

3/7/73

t7 /7-3r/L

74/ 2

28/2-24/3

28/3

rr/ 4

26/ 4

to/s

23/s

6/6

20/6

4/7

LB/7

Lla

1,s/ 8

2s/8

12/s

(b) Four-week plates.

cl1¡(0s) Outfall Jetty

1

1

3

4

1

1

1

L

30R

2 L

6

2

cll¡(NSj

No data

No data

No data

L

1L

8

)

4

No datun

No datun

1

L

1 No datum

1

1 No datun

1 3

1

4
l

3 1

28R
1s

1 2

15 I

2 2

2 No datun



Appendix 5 (b) (conr.)

Date of

exanination CW(OS) CW(NS) outfall Jerty 50R

1-

1

No datum

2

11

2

4

1

4

6

3

8

29

L7

52

34

15

17

78

No datum

No

50.

28R

2

4

4

10

L6

8

37

L4

45

ó0

30

81

t26

208

data

70/t0/73

24/ r0

7 /LL

22/tt

sl12

relL2

3/7/74

t6/ t

37/ L

13/2

27 /2

t3/3

27 /3

L0/ 4

24/ 4

8/s

22/ s

7/6

2L/ 6

s/z

7s/7

2/8

76/8

30/8

t2/e

26/e

No datunl

5

10

12

5

6

1

1

4

8

L7

29

L4

4

19

7

4

2

1

2

6

2B

26

19

76

7B

L2A

101

61

3

3

3 1

1

.)

No datun

No datun

No datum 1

3

1

4

2

1

3

2



51.

Date of

examination

L0/ tol 74

24/ r0

7/LL

2r/rL

s/ L2

re/L2

2/L/7s

16/ 1

30/t

L3/2

27 /2

clìl(os) cltl(NS)

10

Jetty

Outfa11

23

No datum 43

1

1

3

4

2

2

2

4

6

36

No datum

No datum

No datun

No datum

5

36 5
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Appendix 5 (cont.)

Date of

examination

7 /el72

27 /e

LL/L0

2s/L0

8/tt

22/tt-6/L2

20/12

3/tl7s

L7 /L

3t/t

28/3

tll 4

26/4

t0/s

23/s

6/6

20/6

4/7

ß/t

L/8

lsl 8

2s/8

L2/e

26/ e

2

1

No datt¡¡n

No datum

5

t2

No datum

9

1L

cI,lI(NS)

No datum

No datum

No datum

No datum

No datun

No data

No datun

4

No datun

30R

1

No datu¡n

1

52.

2BR

2

No datum

No datun

(c) Eight-week plat.e.s. Figr¡Tes in hrackets show the proportion

of the plate covered, expressed as a percentage.

cl^l(0s) Jetty

Outfal1

)

6

1

1

2

7

3

2

1

2

1

2

No datun

2

1

4

8

3

5

J

2

1

2

3

4

3

L

4

1

J

2

1

3

L

10



Appendix 5 (c) (cont.)

Date of

exanination CW(OS) CW(NS) outfall Jetty 30R

53.

28R

No datum

No datun

2

2

23

(20)

il

to/L0/73

24/L0

7 /17

22/LL

sl 12

re/L2

3/7/74

L6/L

3L/ 1

tsl2

27 /2

73/3

27 /3

Lol 4

24/ 4

8/s

22/s

7 / 6-4/7

te/7

2/B-12/s

26/ s

10/ 10

24/ L0

7 /1r

2r/ tL

s/L2

1

1

L

7

2

1

1

1

2

2

)

4

6

L1

(7)

7

6

1

2

2

2

6

')

(1 7)

(22)

(26)

(20)

( 28)

(47)

(18)

)

(s)

8

T3

1,1

1

No datun

(2)

1

(10)

9

(22)

(24)

(20)

No datun

No datum

(18)

(2t)

(22)

(s3)

(s1)

(22)

( 78)

No datum

(3)

No daturn

4

1

No datum

4

1

1

2

4

2
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Appendix 5 (c) (cont. )

Date of

examination cw(0s) cw(NS)

1.s/72/74-2/t/7s

1.6/ 1.

Jetty

(e)
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Appendix 6:

Date of

exanination

2/ 6/72-13/ e /72

27 /s

77/Lo

2s/ 10

8/ rL

22/LL

6/72

20/t2

3/ Ll73

t7 1t

3r/L

L4/ 2-22/ tr

s/L2

18

t7

1B

7l

19

No datun

3

Presence of the bryozoan BuguTa avícularia on plates from

six locations, two in North Arm and four in Angas Inlet.

Abundance is shown as the number of colonies per plate.

(a) Two-week plates.

cI{¡ (0s) Outfall Jetty

1

1

cl{(NS)
1

30R

2
2BR

No data

2

te/ 72/7 3-3/ L/ 7 4

L6/L

3t/r-8/s

22/s 4

7 /6-s/L2

L9/I2 2

L
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I

l

l

I

Appendix 6 (cont.)

Date of

examination

(b) Four-week plates.

cl{I(0s)

L6/ 6/72-s0/8/72:

13/e

27 /s

rL/70

2s/70

8/LL

22/tL

6/12

20/t2

3/L/73

t7/t-sr/r

L4/2

26/ 4

tals

23/s

6/6

4/7

78/z

t/8

1sl8

2s/ 8

L2/s

26/s

to/Lo

24/ r0

L

2

3

5

43

3

1

Outfal1 Jetty

No datum

5

33

85

43

L04

7B

30R
1

cI^J (Ns)
2

1

1

1

1

1

.)

3

28R

No datun

No datun

1

1

1



Appendix 6 (b) (cont.)

Date of

exanination CW(OS) CW(NS) 0urfa11 Jerry 30R

s7.

28R

1-

No datum

No datun No datum

7 /rr/73

22/77

s/tz

Le/L2

3/t/74

16/L

3L/ t

Lsl2

27 /2

Ls/ t

27 /3-10/ 4

24/ 4

8/s

22/s

1

L

2

6

13

t5

9

29

L6

1

1

2

6

7/6

2t/6-7 /tL

2t/LL

s/t2

Ls/L2

2/L/zs

L6/ L

30/L

t3/2

L

Jetty
9

1,7

16

2

2

1

1

1

No datun

No datr¡rn

No datun

No datu¡n

Outfall

No datun



Appendix 6 (cont.)

Date of

examination

(c) Eight-week plates.

cl4l(os)

1

2

9

t4

23

29

27

54

No datum

cl{I (NS)

7 /sl72

27 /s

n/n
2s/L0

BlLt

22/Lt

6/L2

20/72

3/ L/73

77 /r
3L/ L

Jetty

58

28R

No datu¡n

No datum

1

Outfal 1

13

L6 6

2L

L

rtl 4

6/6

20/ 6

4/7-L/8

Ls/ 8

2s/8

L2/s

26/s

L0/ t0

24/70

7/Lt

22/ LL

s/L2

2I

30R

18

11

3

2

2

)

3

1

2

1

1

2

L

1

3

1

14

3

2



Appendix 6 (c) (cont.)

Date of

examination CW(OS) CW(NS) Outfall Jerty 30R

59.

2BR

No datwn

No datun No datum

7s/t2

sl 7/z+

L6/t

3L/1

73/2

27 /2

Lsls

27 /s

Lo/ q

24/ 4

B/s

22/s

26/e

t0/70

24/ L0

7/rL

27/ LL

s/72

te/ L2

2/L/7s

L6/t/7s

15

9

1L

L7

3L

'))

5

10

2

1

10

34 1

L3

No datum

No datun

No datun

No datum

No datum

No datum

No datum

Jetty

1

4

t4

31

8

5

6
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i

I

I

I

l

ì

I

I

I

i

i

Appendix 7:

Date of

examination

2/6/7z-tt/L0/72

2s/ t0

8/tL

22/LL

6/72 L

20/L2/72-20/6/73 -

4/7 /73

t8/7 -2e/8

t2/s 2

26/s

L0/L0-24/70

7/Lt

22/Lr

s/t2

telL2

3/t/74 1

L6/L 1

3r/r 1

L3/2-to/ 4

2+/ +

8/s

22/S

Presence of the bryozoan BuguLa neritÍna on plates from

six locations, two in North Arn and four in Angas Inlet.

Abundance is shown as the number of coLonies per plate.

(a) Two-week plates.

cvÙ(0s) Outfal1 Jetty

30R

c}'r(NS)

28R

10

6

10

1 No datun

2

1

1

1

1

1

1

3

2

1

3

1

1

1 No data
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Appendix 7 (a) (cont. )

Da,te of

examination CW(OS) CW(NS) Jetty

21./1.r/74

s/t2

7s/L2

2/ L/ts

L6/ L

1

L

2

Outfal 1

No datum

No datum

3

t



62

(b) Four-week plates.

exanination CW(0S) Outfal1 Jetty

47

t3

Appendix 7 (cont.)

Date of

76/ 6/72-L3/ e/72

27 /s

tLlLO

2s/Lo

B/tL

22/L7

6/t2 2

20/12 3

3/L/73 2

26/4

L0/ s

23/s

6/6

20/ 6

4/7

t8/7

tlB

Ls/ 8

2s/8

L2/ s

26/s

10/10

24/ to

7/LL

22/Lt

3

2

1

30R

2

1

cl{I(NS)

No datun

No datun

J

2

3

5

3

2

J

2

4
¿

2

8

2

1

11

1

No daturn

1

2

2

2

)

9

3

1

3

5

1

1

28R

No datun

No datun

15

No datum
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Appendix 7 (b) (cont.)

Date of

exanination CW(OS) CW(NS) Outfall Jetty

19

30R

s/12/73

L9/72

3/Uzq

t6/t

31/r

13/2

27 /2

L3/3

27 /3

L0/4

24/ 4

Bls

22/s

s/z

ts/7

2/8

16/8

30/8

12/s

26/s-to/to

24/Lo

7/rr

2L/tt

s/L2

Ls/ t2

2/7/7s

ro/ t

5

41

28R

No datun

No datum No datum

1

1

3

92

L0

10

11

1

1

1

3

L

J

9

4

4

1

No daturn

1

10

2310

No datun

No datun

No datun

No datum

L

L

1

L

1

1

1

)

4

5

Jetty

B

10

No datun

Outfall
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Appendix 7 (b) (cont.)

DaLe uf

exanination CW(OS)

30/r/7s

73/2

Outfal I Jetty

154

4 I
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Appendix 7 (cont.)

Date of

examnination

7 /e/72

27 /s

tr/70

2s/Lo

8/ tt

22/ LL

6/L2

20/ 72

3/ L/73

t7 /L

(c.) Eì ght-week p1at.es.

cl'l(0s)

No datun CW(NS)

No datun

No datu¡n

No datun

No datun

No datum

No datun1

1

L

Outfa11

Jetty

9

24

23

No datun

19

5

4

4

6

2

15

7

3

7

1

L

2

2

1

50R

1

23/s

6/6

20/6

4/7

L8/t

L/8

rs/ I
2e/ I
L2/e

26/ s

L0/ Lo

24/ Lo

7 /rt
22/Lt

1

10

L6

35

47

10

35

15

7

3

5

7

3

1

2

1

2

28R

3

No datu¡n

No datun

No datum

No datun

No datun

1

1

1

1

1

1

2

2



Appendix 7 (c) (cont.)

DaLe uf

examination CW(OS) CW(NS) 0utfa11 Jetty 30R

66.

28R

No datunr

No datun

No datun No datun

s/ L2/73

ts/L2

3/L/74

76/t

sL/7

Ls/2

27 /2

13/ 3

27 /3

70/ 4

24/ 4

8/s

22/s

te/7

t2/e

Lo/ L0

7/1.L

sl t2

1

1B

5

6

17

9

10

6

2

2

5

10

10

5

4

5

35

1

1

1

1

1No datum

No datum

1 No datu¡n

2

55

3

L

2

2
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Appendix 8.

Date of

exa¡nination

Presence of the simple ascidian Cíona intestinalis on

plates from six locations, turo in North Arn and four in

Angas In1et.

(a) Two-week plates. 0n those occasions when the data

r4lere corrected to allow for the presence of

LeptocTinum tagneti, the actual numbers are shown

in brackets.

cl,tl(os) Jetty

Outfall
1

3

4

1

1

37

4

30

55

52

1o (s)

11 (7)

1

4 (3)

2/6/72

L6/6

sol6

Ls/t

27 /7-70/8

L6/B

30/8

t3/e

27 /s

LL/LO

2s/L0

8/ LL

22/Lt

6/72

20/L2

3/L/73

t7 /r
37/L

L4/2

1

1_

5

1

3

2

4

4

7

L4 (t2)

6 (3)

t

30R

cltl (Ns)
9

2

4Lt/ +
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Appendix 8 (a) (cont.)

Date of

examination

26/ 4/73

t0/s

23/s

6/ 6-ts/8

2e/8

L2/g

26/s

70/L0

24/L0

7 /LL

22/11

sl72

te/12

s/7/74

t6/7

3L/t-Is/2

27 /2

t3/3-27 /3

Lo/4

24/ 4-8/s

22/s

2t/6

4/7-t6/8

30/8

12/s

26/s

CW(OS) CW(NS) 0utfa11 Jetty 30R

2

I
28R

3

1

L

2

1

2

33

L

2

L

I

1

7

3

1

1

8

3

1

1

L

2

1

2

1

2

3

1

1

2

1

1

2

No ð,ata
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Appendix 8 (a) (cont.)

Date of

examination cl,tJ(0s) cl¡J(NS)

T4

No datum

No datum

No datum

No datum

1.0/10

24/ rO

7 /L7

27/17

s/12

1.s/ 12

2/ r/zs

L6/L

30/t

13/2

1

Jetty
9

\2

5

)

1

Outfa1 1

1

1

1



70.

I

ii

I:l
I

i

I

I

I

i

I

Appendix 8 (cont.)

Date of

examination

(b) Four-week plates,

clll(0s)

10

35

L58

t23

5L

39

23
cl4l(Ns)

Jetty

L6/6/72

sol6

L3/7

27 /7

L0/8

23/8

30/8

t3/e

27 /s

t7/L0

2s/r0

8/fr

22/rt

6/72

20/72

3/tl7s

L7 /r-31/1

t4/2

28/2-L4/s

28/3

tLl4

26/ 4

tols

23/s

6/ 6-t8/7

6

1

1

6

2

6

6

1

1

2

9

4

Outfal1
2

15

9

8

54

9

1

1B
30R

38

1

7

No datun

No data

No datum

No data

4 No datünt

1

2

t

6



Appendix B (b) (cont.)

Date of

examination CW (0S) CItl (NS) outfal l Jetty 50R

7L.

28R

2

No datum

No datum

L/8/73

1sl8

2s/8

t2/s

26/e

1ol10

24/ L0

7 /rL

22/\t

s/L2

Le/L2

3/t/74

L6/L

3L/t

t3/2

27 /2

13/s

27 /s

rol 4

24/ 4

8/s

22/s

s/7

te/ 7 -30/ 8

L2/s

26/g

1

1 L

2

2

2L

4

7

72

L2

2

2

4

6

5

4

2

)

2

L4

19

16

26

No datun

1

4

8

6

3

2

I4

4L4

1

3
1

I

I

1

,t

4

1

No datun 1

No data

L

3

1



7)

Appendix 8 (b) (cont.)

Date of

examination cl4¡(os) cw (Ns)

4

62

L92

1s1

L9

to/Lo/74

24/L0

7 /Lt

2L/L7

s/L2

19/t2

2/ L/ 7s

t6/L

30/ t

13/2

4

Jetty

T7

L2 No datum

No datum

No datum

No datum

Outfal I

No datum

5

')

6

2

2

4

1

3

3



,.

l

I

I

I

!

Appendix 8 (cont.)

Date of

examination

(c) Eight-week plates.

cl\I(os)

3L

28

27

79

65

5L

81

31

3t

L2

No datum

No data
cI/'I(NS)

No datum

Outfall

Jetty

No datum

73.

2BR

10

No datun

No datum

No datum

No datum

7

7 /el72

27 /e

[L/ L0

2s/ r0

8/LL

22/tL

6/t2

20/12

3/Ll73

17 /t-t4/3
28/ 3

tL/ 4

26/4

Lt/ s

23/s

6/6

20/ 6-t8/7

L/8

1sl 8

2e/8

12/s

26/e

10110

24/ Lo

7 /rt

18

4

7

3

50R

1

J

1

2

1

7

7

L

1

1

1

1

3

4

8

6

10

37

11

2

8

15

6

B33



Appendix 8 (c) (cont.)

Date of

exanination CI{(OS) CW(NS) outfall JettY

74.

50R 28R

No datun

No datun

No datun No datun

22/1r

slt2

L9/t2

3/t/74

t6/L

31/L

L3/2

27 /2

t3/3

27 /3

t0/ 4

24/ 4

8/s

22/s

32

48

10

t4

10

6

1

3

5

11

2

2

4

4

L2

10

9

1

2

1

2

ts/t
2/8-30/8

L2/s

26/s

Lo/10

24/L0

7 /LL

2t/LL

slL2

Le/L2

2/L/7s

76/t

No datun

No datum

No datum

No datun

No datum

1

1

5

10

18

T7

L02

95

302

374

t52

16

ji

Ì

Jetty



il

Appendix 9.

Date of

examination

2/ 6/72-t3/7 /72

27 /7

1o/8 1

16/8 :

30/ 8

Ls/g 2

27/e 7

LL/Lo

2s/L0 72

8/tt 23

22/LL s1

6/L2

20/12/73-24/to/73 -

7 /Lt

22/LL 1

slL2

Le/tz 3

3/L/74 s

L6/t 2

L3/2/7 4-Lo/4/7 4

24/4 1

8/s

22/S 1

Presence of the compound ascidian Botrgllus sch'Zosserj on

pl.ates from six locations, two in North Arn and four in

Angas Inlet.

(a) Two-week Plates.

clt¡(0s) Jetty

75.

28R

2

Outfall

3

2

2

9

3

1

2

6

10

2

cll¡(NS)

30R

No datun

L

No data



76.

Appendix 9 (a) (cont.)

Date of

examination cw(os) cl'l(NS)

7/6/74-t6/8/74

3o/I L

L2/9 1

26/ e-2L/ 7L

s/rz 3

Ls/ L2

2/t/7s 1

L6/L-27 /2

Jetty

Outfal I



77.

Appendix 9 (cont.)

Date of

exanination

(b) Four-week Plates.

cl'l (0s)

L6/6/72-L3/7 /72

27 /7

1 o/B

23/8

s0/8

t3/9

27 /e

rL/Lo

2s/Lo

8/tt

22/Lr

6/,L2

20/ t2

s/t/7s

L7 /L-26/s

10/10

24/ L0

7 /tL-3/r/74

L6/t

3t/L

Lsl2

27 /2

73/3-22/S

1

')

Outfall

Jetty

1

20

24

20

2

)

5

9

9

7

66

t33

70

7

1

L

18

9

4

5

30R

28R
cll¡(Ns)

3

7

5

.)

1

7 / 6-12/ s

26/s 1



78.

Appendix 9 (b) (cont-.)

Date of

examination cl{l(0s) clÂJ(Ns)

1ol10

24/rO

7/tL

2r/ tt
s/t2

Le/L2

2/t/7s

L6/ t-27 / 2

1

L

3

3

4

2

Jetty

Outfal 1

No datun

No datun



Y

1

Appendix 9 (cont.)

Date of

exa¡nination

(c) Eight-week Plates.

cll¡(os)

9

L3

13

73

55

24

OutfalL

t9

5

Jetty

L2

24

79.

28R

No datun

No datum

9
7 /e/72

27 /s

rt/to

25/to

8/Lt

22/Lt

6/12

20/t2

3/L/73-L/8/7s

1sl8

2s/8-26/s

10/ 10

24/to

7 /LL

22/fl

s/L2

rs/t2

3/tl74

16/r-TL/L

L3/2

27 /2

t3/3-22/s

7 /6/74-s/7 /74

re/7

2/8-1,6/8

2

30R
cll¡(NS)

1

1

1

4

2

J

8

L

1

1

L

1



80.

Appendix 9 (c) (cont.)

Date of

exalnination cw(0s) cI\I(Ns)

30/8 1

L2/ s

26/e 1

10/ 10 6

24/ro 4

7/tL 4

zt/tt 3

s/72 4

rs/t2/74-L3/2/7s -

Outfall JettY



81.

Appendix 10.

Date of

examination

2/ 6/72-30/ B/72

ts/s

27 /e

fllta
2s/to

B/tr

22/t7

6/12

20/t2

s/1/73

17/t-26/s

rcl Lo

24/L0

7 /rr
22/tL

slL2

tsl12

3/t/74

t6/r

3L/t-r3/2

27 /2

13/3

27 /3

Presence of the conpound ascidian BotrgTToides nigtum on

plates fron six locations, tl^¡o in North Arm and four in

Angas Inlet.

(a) Two-week plates.

cl{I(os) Outfall JettY

30R

4

L2
cl,|¡(Ns) 2BR

3

1

1

3

2

2

1

')1

7

7

7

5

L

1

J

3

1

1

1

4

4

2

1

4

1

1

L



82.

Appendix 10 (a) (cont.)

Date of

examination

L0/ 4-22/ s

2BR

7 /6-21/1.r

s/L2

Ls/ 12

2/L/ts

76/L

30/L-27/2

CW(OS) CW(NS) Outfall Jetty 50R

Jetty

11
Outfal I

T2 No datu¡n

No datum

No data

2

3 6

1

L



Appendix 10 (cont.)

Date of

examination

L6/6/72-30/8/72

13/e

27 /e

Lt/10

2s/Lo

8/Lr L

22/tL 6

6/L2 7

2o/L2 18

s/t/7s 20

L7/L No datun

sL/L No datum

L4/2 1

28/2-23/s

6/6

20/ 6

4/7

tB/7 -L2/ e

26/s

Lo/to

24/ r0

7/tL 3

22lLL 10

s/Lz s

L9/t2 19

(b) Four-week plates.

cl^I(os)

Outfall
Jetty

No daturn

85.

30R

5 No datun

7

t3

1

4

3

2

4

7

)

1

cl/i'(Ns)
2

2

1

28R

1

3

L

5

5

1

J

L2

5

3

1

6

3

5



Appendix 10 (b) (cont.)

Date of

exanination

3/L/74

t6/t

3t/r

t3/2

27 /2

t3/3

27 /s

L0/ 4

8/s

22/s

7 / 6-24/Lo

7 /L7

27/LL

s/L2

Ls/72

2/t/7s

L6/t

30/L

L3/2

27 /2

11

65

r07

10

t6

84

28RCW(0S) CW(NS) Outfall Jetty 30R

No datum

No datum

5

4

4

5

8

6

2

L

I No data

)

2

No datun

No datum

No datun

No datun

No datun

Outfa11

No datun

Jetty

No datun

3

1

4

5



!

i
j

I
¡

i
I
I
I
j

I
I

I

Appendix 10 (cont.)

Date of

examination

7 /e/72

27 /s/72

tL/Lo

2s/70

8/Lt

22/Lt

6/L2

20/L2

3/t/73

77 /L-L4/3

28/s

tL/ 4-to/s

23/S

6/6

20/6

4/7

L8/7 -ts/8

2s/8

t2/s

26/e

L0/L0

24/10

7 /Lt

22/LL

s/12

(c) Eight-week P1ates.

clll(os)

24 sq cn
ctl¡(NS)

No datu¡n

No datun

No datum

Outfall

Jetty

20

B

t2

L2

4

3

3

85.

28R

No datum

No datum

No datun

No datum

2

6

2

1

L

3

7

3

5

30R

5

1

No datun 2

L

1

1

7

L2

6

77

6

4

7

1

1

4

4

L6



Appendix L0 (c) (cont. )

Date of

exanination

86

28R

No datun

No datun No datun

CW(OS) CW(NS) 0utfa11 JettY 30R

19te/72/73

3/t/74

L6/ L

3I/ t

L3/ 2

27/2

73/s

27 /3

L0/ 4

24/ 4

8/s

22/s

5

19

t3

1

1

3

3

7

4

2

1

7 / 6-24/ to

7/LL 1

2L/r1 2

s/L2 e

Ls/L2/74-r3/2/7s

Outfal1 Jetty



87.

Appendix 11.

Date of

exanination

2/ 6/72-30/ 6/72

Presence of the serpulid Eulaeospira convet(is on plates

from six locations, two in North Arrn and four in Angas

Inlet .

(a) Two-week plates.

On those occasions when the data were adjusted to

allow for the pïesence of LeptocLinum ragnetí, the

actual numbers present are shown in brackets '

cI{J (0s) Jetty

Outfal1

t3/7

27/7

70/8

16/ 8

30/ 8

L3/ s

27 /s

7t/ ro

2s/ ro

8/ LL

22/ Lt

6/ t2

20/12

3/ 1./ 73

17/t

3L/ r

14/2

28/2

14/3-28/3

34

L7

L1

42 (34)

3s (34)

6

23

59

t7

58

40

data

2

4

10

26

40

3s (33)

38 (32)

24 (10)

62 (s6)

Lo7 (88)

64 (s7)

76

133

No datum

30R

29

1e (1s)

3s (6)

26 (6)

4 (2)

2

L

3

3

63

2

L

1

4

1

2

2

clll (NS)
No datum

5

No datum No datum

1

No

L4



Appendix 11 (a) (cont.)

Date of

examination Cl^l(OS) CW(NS) Ûutfall JettY 50R

88

28R

tLl 4/73

26/4

t0/s

2s/s

6/6

20/6

4/7

L8/7

L/8

ts/8

2s/8

L2/s

26/e

Lo/L0

24/Lo

7/Lt

22/LL

s/L2

Le/L2

3/L/74

t6/t

3t/L

L3/2

27 /2

L3/3

27 /3

2

No datun

L4

47

2L

28 (26)

22 (L7)

1

11 (e)

20 (1e)

L3

5

33

33

3

5t

L4

s7 (36)

15

L7

T2

7

2

16

44

es (s5)

36

L3 (12)

9

7

J

6

11

16

7

35

38

L63

91

2

1

1

5

3

4

3

1

2L

3

41

3

3

L

2

2

2

1

1

1

3

2

3

2

2

11 (10)

4 (3)

7

L

2

8 (7)

11 (8)

1

1

3

1

1

1

5

L6

8

8 (s)

1

1

10

L7

2

76

15

t6

t25



Appendix 11 (a) (cont.)

Date of

exanination

to/ 4

24/ 4

8/s

22/s

CW(OS) CW(NS) outfall JettY 50R

89

28R

51

L7

No datum

No datum No datum

252

7

No datum

No datum

23

L2

23

Out fal 1

26

L3

L2

8

l2

2

Jetty

1

3

7

2

5

4

No datum

5

1

5

7/6-2/8

t6/8

30/8

L2/e

26/e

L0/L0-21./rt

sl12

Ls/t2

2/ Ll7s

L6/t

so/r

13/2

27 /2

1

1

1

3 No datum

No datum

No datu¡n

No datun

No datum

1.l

',1



90.

Appendix 11 (cont.)

(b) Four-week plates.

Date of

examination clll(os)

L6/ 6/72-30/ 6/72

13/7

27 /7

LolB 2

23/8 1

30/8

rs/e 2

27/s 3

ttlLo 4

zslLo 4

8/tt 2

22/LL 6

6/L2 s

20/12 7

s/ Llzs L0

L7/7 No datum

sL/t No datun

L4/2 13

28/2 No data

L4/3

28/3 No data

LL/4

26/4 17

to/s 7

23/s 2

cll¡ (NS)

No data

No datum 25

367 226

235 20t

Outfal1

40

2S

1.7

30

Jetty

L4

9

19

4

6

B

23

28

55

24

t2

6

80

t07

86

2t

7

7

10

156

43

98

61

No data

244

No data

39

57

1

30R

26

40

1

1 119 153



Appendix 1L (b) (cont.)

Date of

examination CW(OS) CW(NS) Outfa11 Jetty 30R

9L

2BR

6/6/73

20/6

4/7

rB/7

7/8

1sl8

2e/8

L2/s

26/s

LO/LO

24/ Lo

7 /Lt

22/tL

s/ 12

Ls/1.2

3/L/7 4

t6/t

3t/ L

L3/2

27 /2

t3/3

27 /3

to/ 4

24/ 4

8/s

22/s

27

11

5

27

50

77

3l

23

28

54

43

64

50

5

14

27

63

L3

52

/5

85

105

172

4L

44

Lt4

40

22

29

48

L 1_B

116

65

61

133

76

to2

3

1

)

1

L

4

2

1

1

)

1

1

2

1

5

5

L

L

4

No datun

No datum

No datun

No datun

7

10 No datun

No datum

No datun

49

42

No datum

4

11

9

6

8

9

4

30

t3

3

t6

6

2

T4

8

10

24

L4

46

No datum

77

54

103

1

1

1

No datum

No datum

2

2

3

82

282

224

74

30L

L3 1

352

94

288

t26

53 14

526

No datun 8

No datum No datum

1

t2

4

2

1

1

2

20



o)

Appendix L1 (b) (cont.)

Date of

examination cl\I(os) cllj(NS)

7 /6/74

2r/6

s/7

t9 /7 -30/ 8

12/ s

26/ s

to/ to

24/ tO

7/tt

2L/LL

s/12

Ls/L2

2/r/7s

L6/ t

30/ L

L3/ 2

27 /2

J

1

1

2

3

1

3

2

1

Jetty

l7

1

24

1

No datum

No datum

No datum

No datum

No clatum

Outfal 1

No datun

3

9

,

5

1

4 No datun



93.

Appendix 11 (cont.)

Date of

examination

(c) Eight-week plates.

clÂl(os)

20

2

No datum

No datum

No datum

No datum

1

cll'(NS)
No datum

7 / sl72

27 /s

Lt/L0

25/ r0

8/1r

22/Lt-6/L2

20/ 12

3/Ll73

t7 /t
3r/ L

L4/2

28/2

L4/3

28/3

LLl 4

26/ 4

t0/ s

23/s

6/6

20/6

4/7

L8/7

L/B

1sl8

2e/8

20

11

No datum

No datum

No datun

No datum

No datun

1

Outfal 1

7I3

158

1,4

Jetty

38

42

37

72

1

2

2

5

No data

No data

13

32

23 37

79 No datun

820 34

77

No datun

L27

13

77 73

29 t21,

63 No daturn

16

72 9

68 23

30R

74

No datum

4

28

155

46

95

Ls7

I25

205

158

30

78

159

234

34

94

6B

2

53

2

2

3

28R

284 t2



Appendix 11 (c) (cont.)

Date of

exanination

1

87

154

3L7

LB4

L36

No datum

No datun

94

2BR

No datun

No datun

No daturn

No datum

16

1

1

2

3

t2

2

8

13

37

78

19

No datum

L2/e/73

26/g

to/L0

24/ to

7/Lt

22/rt

s/12

relt2

3/ Ll74

L6/r

3t/L

L3/2

27 /2

L3/ 3

27 /3

t0/ 4

24/ 4

8/s

22/s

CW(OS) CW(NS) outfall JettY 30R

t4r

43

1B

7 No datum

28

L

2

L

236

45

77

27

6L 7

22

34

11

4

B

3

4

)

4

3

1

1

2

5

T

2

9

4

4

1

9

B

No datun

No datun

No datun

No datum

67

L7

237

725

138

423

46r

154

34

9B

57

L60

744

13

7

t7

7 / 6-s/7

Le17

2/8-L2/e

26/s

Lo/Lo

24/L0

7/LL

4

1

1

3
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Appendix 11- (c) (cont.)

Date of

examination cw(os) cw(NS)

No datu¡n

No dat-urn

No datun

No datum

2t/rt/74

s/L2

Ls/L2

2/r/7s

L6/t

30/L

L3/2

5

5

Outfal I

48

Jetty

47

163

104

92
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Appendix 12.

Date of

exanination

2/ 6/ 72-20/t2/72

3/u73

17 /t
3UL

L4/2

28/2

14/3-28/3

LL/ q

26/4-24/to

7 /rt
22/Lr

slL2

Ls/L2

3/Ll74

t6/L

3r/ r

L3/2

27 /2

L3/3

27/3

r0/ 4-24/ 4

8/s

22/s

Presence of the simple ascidian Mictocosmus squamiget on

plates from six locations, two in North Arm and four in

Angas Inlet.

(a) T\^toræek plates

cl^I(0s) Outfall Jetty 30R

clll(NS)
1

L

No datun

1

No datun No datun 2 No datum

No data

1

11

9

1

28R

J

21

1

1

10 1

2

5

11

1

1 No datun

No data
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Appendix 12 (a) (cont.)

Date of

examination cI^J(os) clll(Ns) Jetty

7 /6/74-s/12/74

7s/L2

2/L/7s-27/2/7s

Outfall
4



Ì

1

f

I
1

ä

!
I
:

I

i

I

I
l
I

I

:

l
I

Appendix 12 (cont.)

Date of

examination

t6/6/72-2s/La/72

(b) Four-week plates.

cl\I (os)

9B

28R

No datun

No datun

8/LL

22/tt

6/L2

20/L2

3/tl73

L7 /L

3L/r

L4/2

28/2

14/3

28/3

|L/ 4

26/4

r0/s

23/S-zs/8

12/e

26/e

to/t0

24/ 1.0

7/tr

22/rr

s/tz

Ls/L2

3/t/74

No datun

No datum

2

No datun

No datum

Outfall JettY

30

39

5

161

cl^I (NS)

No datun 11

No data

No datun 11

No data

2-

No datun

2

4

6

6

30R

No datun No datun

26

48

3t

59

1

7

3No datun

J I

2

1

4

5

12

.,

4

2

1

27

1

2

6

29

59

L4

8

55

8

10

1

5

t

2

5

6

3

4

3

4
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Appendix L2 (b) (cont.)

Date of

exanination

t6/L/74

3t/L

t3/2

27 /2

Lsls

27 /3

Lo/ 4

24/ 4

8/s-22/s

CW(OS) CW(NS) Outfall Jetty 50R 28R

11

18

5

10

No datum

No datun

No datun

No datun

No daturn

No datum

23

11

76

66

16

)

59

Outfall

48

No datrm

34

33

76

36

208

179

1,60

45

No datum

2

Jetty

185

B

18

30

55

534

No datun

)

2

1

)

2

1

1

3

2

7 / 6-24/ 70

7 /LL

2L/tr

s/t2

Lsl L2

2/L/7s

16/L

30/ L

L3/2

27 /2

5

15

26

8

L2

9

¡



Appendix 12 (cont.)

Date of

exanination

(c) Eight-week Plates.

cllJ (0s)

27

No datum

No datun

No datun

No datun

7 /e/72

27 /e

17/to

2s/r0-B/tr

22/Lr

6/L2

3/t/7s

L7 /t
3t/L

t4/2

28/2

t4/ 3

28/3

tt/ 4

26/ 4

Lo/s

23/S

6/6

20/ 6

4/7

LB/7

L/8

1 s/8

2s/8

t2/s

1

No datun

No data

cltJ(Ns)

No data

datum

datun

datum

datun

datun

Out fal I

57

/5

37

77

7L

73

51

Jetty

L4

722

69

No datun

78

40

No datun

19

L

2

No datum

L

2

4

6

1,00 .

28R

9

7

2

t
2

1

3

30R

I

No datun

6

4

7

2

No

No

No

No

No

No

No

7

1

1

1

2

4

datum

datun

1

5

2

2

1

3

)

1

No datum
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Appendix 12 (c) (cont.)

Date of

exanination CW(OS) CW(NS) outfall JettY 30R

6

6

6

L4

8

25

t7

6

No datun

46

2l

27

38

18

14

20

101 .

2BR

No datum

No datun

No datum

No datun

I

5

5

5

1

23

3

8

23

1

26/s/73

1ol10

LolLo

24/L0

7 /LL

22/tL

s/72

ts/L2

3/L/74

76/t

3t/t

L3/2

27 /2

t3/3

27 /3

Lol 4

24/4

8/s

22/s

1

)

1

10

23

7

4l

5

15

1

J

2

6

L

B

2

)

.)

24

38

s4

58

70

9

118

1,39

401

428

363

208

BO

32

20

1

4

1

L

119

151

r.18

49

43

3

59

35

559

447

sB7

470

470

324

130

25

3

1L

B

T4

t2

13

No datum

8

No datun

t7

22

L4

3

1

4

No datum

No datun No datum

7 / 6-10/ to

24/L0

7 /LL

2t/tr

s/12

te/L2

2/L/7s

1

3L

67

83

42

T7

3

Jetty

No daturn 364



t02.

Appendix 12 (c) (cont.)

Date of

examination cllJ(os) cl{I(Ns)

16/r /7s

30/I

L3/ 2

6 No datum

No datun

No datum

Outfal I

103

Jetty

407

451

690

19

20



Appendix 13.

Date of

examination

2/6/72-8/11/72

22/rL

6/12

20/ L2

3/L/73 2

L7/7 No datun

3t/L-L4/2

28/2 No datun

L4/3-24/Lo -

7/Lt

22/rL/73-22/Lt/74 -

slL2

Ls/t2

2/ t/7s

L6/L-27 /2

103 .

presence of an unidentified polychaete (farnily Sabellidae)

on plates from six tocations, tl^Io in North Arn and four

in Angas Inlet.

(a) Two-week Plates.

cl^l(0s) Outfall JettY

t

1

1

30R

cI,\I(Ns)

No daturn

1

)
28R

No datum

1.

5

3



Appendix 13 (cont.)

Date of

examination

L6/ 6/72-2s/1.0/72

(b) Four-week plates.

cltl(0s)

LO4.

2BR

No datun

8/tt

22/tt

6/ 12

z0/72

3/r/7s

t7 /L

3t/L

t4/2

28/2

t4/3-L2/e

26/e

LolL0

24/t0

7 /Lr

22/LL

s/L2

Le/t2

3/ Ll74

t6/L

3L/t

L3/2

27 /2

ts/3

27 /3

2

1

Outfall Jetty

24

1

2

30R

11

No datun

No datun
cI{I(Ns)

7

No datum No datun

No datun

I 2t

)

3-

7-

4 No datun No datum

1-

10

1

1

1

3

1

2

15

L4

2

2L

1.5

27

20

11

29

11

6

1

2

13

1

3

9

3

6

6

1

2

2

3



Appendix L3 (b) (cont.)

Date of

examination

t0/4/74

24/ 4-22/ s

7/6-7/Lr

2L/tL

s/ t2

7s/ L2

2/ 7/7s

t6/t

30/ L

13/2

27 /2

105 .

28RCW(OS) CW(NS) Outfall Jetty 30R

No datum No datum

Jetty

L75

33
Outfal 1

No datum

No datum

No datun

No datum

No datum

10

No daturn

29

No datum

1

5

7

8 58

8

4

2
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Appendix L3 (cont.)

Date of

exanination

(c) Eight-week Plates.

cl/tl(0s) Jetty

50R

L2

L3 No datun

7 /s/72-27 /s/72

LLl70

25/L0

8/Lt

22/tt

6/12

20/t2

3/L/73

t7 /t
3L/t

L4/2

28/2

14/ 3

28/3

tt/ 4

26/ 4

L0/5-29/8

L2/s

26/s

Lo/70

24/to

7/tt

22/LL

s/12

7e/t2

8

10

No datun

No datun

No datu¡n

No datu¡n

No datun

No data

cw(NS)

Outfal 1

29

20

t3

1 No datun

1

No datum

106 .

28R

No datum

No datum

No datum

No datun

1

1

L

1

2

11

L9

40

2

6

3

4

9

9

4

2

2

3

3

l4

2l

j

I

l

I

l

:

I

5

1

t7

46

58

82

50

48J 2L11 L7



Appendix 13 (c) (cont')

Date of

exanination CW(OS) CW(NS) outfall Jetty

ro7.

30R 28R

No datun 11

L4

I

No datum

No datum No datum

3/Ll74

16/L

3L/L

L3/2

27 /2

L3/3

27 /3

t0/ 4

24/ 4

8/s

22/S

B

58

25

10

2

30

34

88

36

15

9

3

Outfal 1

46

55

35

106

135

154

82

65

3

Jetty

2t

L7

106

637

4

2

7

t7

No datun

No datum

No datun

No datum

No datun

No datun

No datun

1

7 / 6-24/ Lo

7 /tt
2r/tL

s/L2

te/t2

2/L/7s

L6/L

so/L

13/2

1

1

3

8

9



Appendix 14.

Date of

exanination

2/ 6/72-2s/Lo/72

108.

Presence of the serpulid Hgdroides norvegica on plates

from six locations, two in North Arm and four in Angas

Inlet.

(a) Two-week plates. On those occasions when the data

were adjusted to allow for the presence of

LeptocTinum tagneri, the actual numbers present are

shown in brackets.

cttl(os) Outfall JettY

30R
8/Lt

22/LL

6/72

20/t2

3/L/73

77 /L

31./1.

L4/2

28/2

14/3-28/3

LL/ 4

26/ 4

10/s

23/s

6/6

20/ 6

4/7

78/7

L/8

22

3

2

1

1 6

')

1

No datum

2t

1s (72)

No datum

73

cI^J (NS)

2B

6 (4)

No datum

No

46

L7

26

L

No datun

t6 10

67 50

8

1L

35

data

23

84

1

10

8

56

1

L 122

1

1

3

')545

1
28R

No datum



Appendix 14 (a) (cont.)

Date of

examination CW(OS) CW(NS) outfall Jetty 30R

L2

5

29

266 (263)

447 (443)

10s (103)

43 (42)

s3 (30)

109.

28R

18

42

102

35

77

20

rs/ 8/73

2s/8

t2/s

26/e

t0/ to

24/ Lo

7 /tL

22/tL

s/L2

ts/t2

3/t/7 4

t6/ t

3L/t

t3/2

27 /2

t3/ 3

27/3

Lo/ 4

24/ 4

8/s

22/s

212

16

58

LL

45 45

188 310

2s4 (2e1) 383

tt4 (113) s7

46 (43) 84 (82)

so (6e) 70 (46)

t07

92

86

47

80

30

85

118

6L

140

42

L

8

184

36

482

238

207

4L7

698

No datun

No datum

7

T4

10

e6 (87)

63 (43)

4Lt (sss)

22r (186)

740 (s4o)

1030

477

286

2I

10

L6

1B

89

29

L82

12t

324

179

248

153

7

t4

25

( 1s)

(83)

77 (1s)

58

29

t62

B6

306

334

306

85

25

11

4t

88

7t 67

t6 (1s) 11

235 207

43 4t

737 227

92 r47

t41 Is7

58 49

9-

No datum 2

No datum No datun

7 /6-Lo/Lo

24/ ro

7 /tL

2t/tt

s/L2

1

1.1

1

s4

Jetty

1

64
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Appendix 14 (a) (cont.)

Date of

examination cl^J (0s)

ts/72

2/ t/7s

16/t

30/ t

1.3/2

27 /2

60

2B

2L2 (204)

8e (87)

724

1e4 (188)

Outfal 1

1.08

54

188

27

Jetty

4s (43)

t3

126 (L23)

82

201

No datun



Appendix L4 (cont.)

Date of

examination

L6/ 6/7z-Lo/ 8/72

(b) Four-week plates.

cl\I(os)

118

7

111.

28R

2s/8

30/8

73/s-2s/L0

8/tr

22/LL

6/12

20/L2

3/L/7s

L7 /L

3t/7

L4/2

28/2

L4/s

28/3

Lr/4

26/ 4

r0/s

23/S

6/6

20/ 6

4/7

LB/7

L/B

1sl8

239

23

1

No datun

1

1

Jetty

Outfal.l

30R

cl\r(NS)
7

9 26 40 16

No datum 73 No datu¡n No datun

No data

74 No datum 2t

No data

2

1

3

3

2

1 72

2

2No datum

No datun

1,L

No datun

No datum

2tt

23

36

76

100

66

70

6

.)

4

34

4

3

1

i

I

i

i
I
I

No datun

1

1

3

4

t3

19

1

1

2

1No datun

15

4

3

3

3

3

5

27 25 12



Appendix 14 (b) (cont.)

Date of

examination

2s/ 8/73

t2/e

26/ e

t0/ r0

24/ r0

7/rt

22/LL

slL2

rs/L2

3/t/74

16/L

3L/ L

L3/2

27 /2

1.3/ 3

27 /3

L0/ 4

24/ 4

8/s

22/s

19

1_06

250

303

201,

236

3l

15

23L

203

550

478

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

10

63

¡ t"l
-tJ I

7r0

462

22t

99

s2

4

L3

72

7T

342

373

273

294

No datum

L44

33

55

Jetty

43

19

29

343

504

322

93

32

87

11

40

79

205

242

79

300

161

229

BB

No datun

No daturn

7I2.

28R

No datum

No datum

29L

188

69

t23

20

3

36

34

269

291

246

457

359

228

4T

t4

No datu¡n

CW(oS) CW(NS) Outfal1 Jetty 50R

2

25

1,80

L87

T4T

239

L87

26

2B

39

93

238

485

336

537

658

74I

328

44

67

4

3L

370

4s2

369

149

45

58

1

18

94

L20

25r

36L

379

355

44I

L84

8

44

7/6

2L/6-24/70

7 /7t

2L/ tL

s/12

Ls/L2

1-5 Not scored

15 Not scored

Not scored

Not scored

Not scored

150

6

199 82
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Appendix 14 (b) (cont.)

Date of

examination cl'J(0s) clv(NS)

56

87

568

63L

750

2/L/7s

16/ L

30/ t

t3/2

27 /2

Outfal I
Not scored

Not scored 43

Not scored No datun

Not scored 107

Not scored 162

Jetty

2l

77

L37

206

T7L



Appendix 14 (cont.)

(c) Eight-week Plates.

Date of

examination clli(0s)

7 /e/72-2s/10/72

slt 1

22/LL-6/L2 -

2o/L2 s

3/t/73 1

17/L No datun

TL/l No datun

L4/2 No datum

28/2 No datun

14/3

2B/3 297

tt/4 181

26/ 4 No datu¡n

1ol s

23/s 83

6/6 42

20/6 4

4/7 4

L8/7 No datum

L/8 2

lsls 4

29/8 11

t2/9 1s

26/9 7e

10/10 4sL

Outfall JettY

L2 No datun

No data

clv(Ns)
No data

80

No datum

No datun

No datu¡n

No datun

4

8

4

86

50

39

43

No datun

50R

7

No datun

5

11

70

47

4t

TL4.

28R

11

No datun

No datun

No datum

3

5

n

2

1

1

2

3

75

47

29

64

12

4

t4

19

24

50

4s

294

s34

101

25

2

J

3

7

8

25

1

278

381

2L8

73

4

No datun

10

24

58

56

60

248

64L



Appendix (b) (cont.)

Date of

examination

L15.

28RCW(OS) CW(NS) 0utfa11 JettY 30R

24/Lo/73

7/Lt

22/LL

sl1.2

te/L2

3/Ll74

76/L

3L/t

L3/2

27 /2

L3/s

27 /3

to/ 4

24/ 4

8/s

22/s

506

324

340

196

2L9

113

50

297

29L

484

s67

6s6

543

760

463

4t4

L2

B

63

t7

570

446

264

69

60

9

6

5

156

L34

t64

569

875

437

385

227

607

492

268

1s3

69

18

2

4

r28

2L2

276

343

347

sL7

308

t47

L62

324

238

85

t20

24

86

224

342

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

Not scored

372

196

115

62

37

No datun

46

237

9L7

432

379

561

2L9

No datum

No datum

No datum

434

L82

84

10

35

5

1

108

545

t37

2t2

1s4

L41-

178

No datum

7/6

2L/ 6-Ls/7

2/8

L6/8-24/L0

7/Lt

2L/17

s/L2

Ls/t2

2/ r/7s

t6/t

25

1

36
Jetty

8

19 L4
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Appendix L4 (c) (cont. )

Date of

examination cw(0s) cl\I(NS)

30/ L

13/2

243

24

Not scored

Not scored

Outfal I

77

Jetty

18

r62



Appendix 15.

Date of

exanination

2/6/72-27/7/72

Lo/8

t6/8-27 /e

1.L/rc

2s/1.0

8/tt
22/L7

6/t2

20/12

3/ r/zs

1.7 /t
3L/ L

L4/2

28/2

14/ 3-28/ 3

tr/ 4

26/ 4-L0/s

23/ s

6/ 6-2s/8

L2/s

)

8

23

ss (s4)

11 (10)

No datu¡n

5

2

No datun

cl{l (NS)

74

10 (7)

No datum

No

30R

86 (84)

ss (43)

12 (2)

(3)

717.

Presence of the barnacle Bal-anus amphitrite on plates

fron six locations, tvto in North Arn and four in Angas

Inlet.

(a) Two-week plates. On those occasions when the data

were adjusted to allow for the presence of

LeptocTinum ragneri, the actual. nunbers present

are shown in brackets.

cl\I (os) Jetty

Outfal 1

- 33 (31)

2s (20) 38 (32)

t7e (1s6) t22 (so)

3s (33) sl (46)

24 2s (24)

11
8 15

52

r No datum

L

L

8

4

1

data

2 1

1

1

28R
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Appendix 15 (a) (cont.)

Date of

exa¡nination CW(OS) CW(NS) outfalL JettY 30R

26/ e /7s-Lo/ to/73

24/L0

7 /tL

22/11.

s/L2

Ls/L2

3/rl74

L6/r

3r/t

tsl2

27 /2

L3/3

27 /3

Lo/4

24/ 4

B/s

22/s

7 /6-24/to

7 /tL

21./LL

s/t2

ts/12

2/L/7s

16/t/7s

so/r

L3/2

27 /2

1

2BR

8

20

36

7

14

1

11

I

6

77

14 (e)

s (7)

4

7

6

7

1

4

5

t

Jetty

1ó

L4t

160

70

3

1s (14)

L6 (t2)

4

t4

8

4

1

1

L

t6

2

1

11 (10)

6 (4)

6

1.2 (e)

6

s (4)

2

)

5

)

t4

1

6

I

9

3

I

1

5 5

1

36

4

No datun

No datun

2

1

2A

Not scored

No datum

2

25

No datun

No datum No datun

L4

2

33

189

50

4

7

168

11

39

2

t2 No datun
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Appendix 15 (cont.)

Date of

exanination

L6/ 6/ 72-Ls/ e/72

(b) Four-week plates.

clll(0s) Outfal1 JettY

27 /s

Lt/Lo

2s/r0

8/Lt

22/rL

6/12

20/L2

3/Llts

t7 /L

3r/L

14/2

28/2

L4/3

28/ 3

Lt/ 4

26/ 4

L0/s

23/S-20/6

4/7

L8 /7 -Lo/ro

24/ r0

7/tL

22/Lt

s/t2

tslL2

3

1

J

L3

26

5B

29

No datum

No datum

2

No datum

No datum

L

L7

cltl(NS)

34

No datum

No

No datum

No

2

No datun

8

t3t

79

23

11

L7

5

data

B

data

1

3

1

27,

5

6

5

No datum

2

30R

151

50

1

No datum

No datum

No datum

15

25

t7 76

2BR

28

85

1

1

1_

661

9 I

7

3

6

1

I2

15 541

1J11 5L 33
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Appendix 15 (b) (cont.)

Date of

exanination CW(OS) CW(NS) OutfalL Jetty

3/t/tq

L6/L

3t/L

73/2

27 /2

L3/3

t2

L4

6

4

L2

15

11

No datun

No datun

No datun

No datun

4

10

4

13

8

t7

11

No datum

1

4 I

20

4

11

8

19

34

20

4

1

1

30R 28R

335

548
847

22

-2
815

-5

-3
15

No daturn L

No daturn No datun

27 /3

t0/4

24/ 4

8/s

22/s

2

3

7/6

2t/6-24/L0

7 /Lt

2r/ Lt

s/t2

Ls/2

2/t/7s

L6/L

30/L

t3/2

27 /2

1

7

7t

272

344

297

25

11

97

B2

Not

Not

Not

Not

Not

Not

Not

Not

Not

scored

scored

scored

scored

scored

scored

scored

scored

scored

Jetty

89

Outfal1
L47

19 19

No datum

19 53

23 No datun

86

5
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Appendix 15 (cont.)

Date of

examination

(c) Eight-week plates.

cltl(0s)

Outfall

L72

96

19

Jetty

6

15

19

L21.

28R

L

No datum

No datum

No datun

s4

No datum

1

1

7 /sl72-27 I e/72

7L/r0

2s/ L0

8/Lt

22/ Lt

6/tz

2A/L2

3/tl7s

L7 /L

3L/t

t4l2

28/2

L4/3

28/s

LLl4

26/ 4

10/ s

2s/s

6/ 6-t8/7

1/8

1sl8

2e/B

L2/s

26/ e

LOl Lo

1

5

1

')

2

1L7

5

No datun

No datum

No datum

No daturn

No datun

No data

cI¡J (NS)
No data

No data

No datun

8 No datun

30R

46

No datunI

2

2L

9

3

2

2

1

2

44 )



Appendix L5 (c) (cont.)

Date of

examination CW(OS) CW(NS) 0utfa11 JettY 30R

t22.

28R

24/Lo/7s

7 /LL

22/Lt

slt2

tslL2

3/Ll74

L6/L

3r/L

L3/2

27 /2

t3/3

27 /3

L0/ 4

24/ 4

8/s

22/s

7/6-24/to

7 /LL

2L/TL

s/L2

Ls/t2

2/ Ll 7s

L6/t

13/2

No datum

No dâttun

Not scored

Not scored

Not scored

Not scored

4

5

16

20

29

15

9

L7

11

11

15

L3

37

54

27

9

Outfall

J

4

3

9

L4

49

33

45

22

6

L

11

16

5

3

1

2

6

L3

9

23

34

9

2

9

L7

7

18

6

3L

19

5

3

2 No datun

325

15 84

37 52

4L s7

57 65

No datum

32 20

22 L7

68 55

t4 11

63

325

L36

No datun 10

No datun No datun

2

4

3

6

6

3

1

27

57

103

62

207

t92

Ls2

Jetty

92

163

103 t64
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Appendi x 16.

Date of

examination

2/ 6/72-LL/ Lo/72

r23.

Presence of the oyster ostrea angasì on plates from six

locations, two in North Arn and four in Angas Inlet'

(a) Two-week plates. On those occasions when the data

were corrected to allow for the presence of

Leptoclinum tagneri, the actual nurnbers present are

shown in brackets.

cl¡f (os) Outfal1 JettY

2s/to

B/rr

22/L1.

6/ L2

20/L2

3/r/73

t7 /r
3L/L

L4/2

28/2

L4/3-24/ro

7 /rt
22/LL

s/t2

le/t2

3/Ll74

16/1

3t/L

t3/2

1

1

9

5B

2s (27)

No datun

5

cl\'(Ns)

1

t2 (10)

46 (40)

7

t9

1

I
2

t

2

s (4)

4 (2)

18 (16)

6 (s)

1

B

30R

L4

23 (18)

6 (1)

(2)5

28R

No datun No datun No datun

11

1

1

1

1

1

3

2t (26)

7

1

6

2

2

2

7

L

)

4

1

3

4

10

5

2

t7



t24.

Appendix 16 (a) (cont.)

Date of

examination

27 /2/74

L3/3

27 /3

to/4

24/4-22/s

7 /6-s/12

re/12

2/ t/7s

t6/t

30/t

t3/2

27 /2

CW(OS) CW(NS) 0utfa11 JettY

No datun

Outfall

15

No datum

No datum

No datun

No datum

No datum

30

No datun

4 1 3

1

2

50R

L6

28R

1

1

L

')

1

8



Appendix 16 (cont.)

(b) Four-week plates.

Date of

examination cl''I(os)

L6/6/72-2s/20/72

8/LL

22/Lt 4

6/L2 7

20/t2 40

3/t/73 68

t7/7 No datun

st/L No datum

t4/2 4

28/2-24/Lo -

7/Lr

22/rL

slL2

Le/L2

3/r/t +

L6/r

sLlL 1

L3/2 s

27 /2

L3/3 2

27/3 1

L0/q t

24/ 4

8/s-22/s

cl\I(NS)

No datum

7 / 6-2t/ It

s/ t2

0utfa11 JettY

11

45

26

4

2

')

30R

18

t25,

28R

38

16

2

5 26

2

1

1

2

2

2

3

5

t3

t3

5

7

1

4

J

L1.

6

2

8

1

L

2

2

4

20

3L

3L

28

1

1

15

2

2

1

l_

3

1No datum

No data

1

1

No data



1,26.

Appendix 1,6 (b) (cont. )

Date of

examination cl4l (0s) cI4I(NS)

t4

No dat rln

No datum

Ño datun

No datum

No datum

L9/L2

2/ r/ ts

76/ r

30/ t

r'3/ 2

27/2

L

4

1

3

Out fa1 I

No datuu

8

Jetty

No datun

3



Appendix 16 (cont.)

Date of

exanination

t6/6/72-8/tL/72

22/tt

6/L2

20/L2

3/L/73

t7/L No

\l/L No

l4/2 No

28/2 No

74/s

28/3

rL/ 4

26/4-8/Lr

22/tt

s/tz-rs/t2

3/t/74

L6/1

3t/L

L3/2

27 /2

t3/3

27 /3

Lo/4

24/4

8/s

(c) Eight-week plates.

cll¡(os) 0utfa11 JettY

1

1

19

datun

datun

datun

datun

1

1

2

No data

clll(Ns)

No datun

50R

59

29 No datum

11

No datun

4l

15

22

L2

I

15

5

No datun

4

nq.

28R

15

2

51

20

25

18

1 No datun L2

4

1

3

1

1

1

2

2

1

2

6

5

)

1

15

10

1

3

3

L0

8

1

1



Appendix 16 (c) (cont.)

Date of

exanination

22/s/74

7 / 6-Ls/ L2

2/rl7s

L6/L

30/L

t3/2

CW(OS) CW(NS) Outfall Jetty 30R

1,28.

28R

No datum No datumNo datun

No datum

No datum

No datun

No datun

Outfall.

1

1

3 2

2



Appendix 17.

Date of

exanination

t29.

Presence of the tube-dwelling anphipod Corophium sp'

on two-week plates from six locations' two in North Arm

and four in Angas Inlet. on those occasions when the

data were adjusted to allow for the presence of

Leptoclinum ragneri, the actual nunbers present are shown

in brackets.

clll(os) Jetty

Outfal 1

2/ 6/ 72

L6/ 6

30/ 6

L3/7 -L6/ I

30/ 8

L3/e

27/e

Lt/L0

2s/to

8/ 11

22/1.1

6/ t2

20/t2

3/L/73

L7 /t
3t/ L

t4/ 2

28/2

L4/s-28/3

tr/ 4

26/ 4

L

3

3

L0

19

4

5

7

30

5

L

1

1.

23 (1s)

28 (24)

L2 (11)

2

1

2

1

22

59

27

s8 (ss)

2

22 (s)

1

30R

26

7 (6)

t2 (2)

2

6

1

No datun
cl^J (NS)

6 (s)

No datum

No data

No datum No datun

12

2

1
3



Appendix 17 (cont. )

Date of

exanination

to/s/73

23/s

6/6

20/ 6

4/7

18/7

Ll8

1sl8

29/8

L2/s

26/s

10/10

24/to

7 /tL

22/tL

s/12

Le/t2

3/Ll74

76/L

3t/1

L3/2

27 /2

[s/3

27 /3

L0/ 4

24/4

8/s

Cw(0S) CW(NS) outfall Jetty 30R

2

1

13

43

36

7L

51

265

27s C2s7)

8s (78)

L2 (e)

1

2

30

L2

10

27

43

60

75

7t

75

L6

1

No datum

No datum

2

18

2L

47 (46)

2s (21)

68 (s7)

5

5

L3

25

sz (s1)

72 (8)

s (4)

5

10

1

4

2

1

1

5

11

4

7

15

55

40 (3e)

1500

58

22

4

8

130.

28R

1

6

1

18

1

L2

2T

33

29

L2L

90

58

L2

4

2

L

L1

L2

1

1

10

5

7

L2

15

L

1

I

I

!

:

I

2

2

2

6

2

L

1

1

2

1

1

2

No datum

2



Appendix 17 (cont.)

Date of

examination

131 .

28RCW(OS) CW(NS) outfall Jetty 30R

1 No datum No datun

Jetty

t4

50 2Lt

Outfa11
L1 No datum

No datum

No datun

No datum

2

22/s/73

7/6

21./6

s/7

rs/7

2/8

L6/8

30/8

L2/s

26/s

Lo/L0

24/ L0

7 /7r

2r/tt

s/t2

te/L2

2/7/7s

L6/t

30/L

L3/2

1

1 3

1

)

4

4

6

5

15

3

5

6

79

28

2

9

6

54

3

4
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Appendix 18

Date of

examination

*

Presence of an unidentified tube-dwelling anphipod

(family Corophiidae) on two=week plates from six

locations, thro in North Arn and four in Angas Inlet.

On those occasions when the data were adjusted to allow

for the presence of. Leptoclinum tagnetì, the actual

numbers present are shown in brackets.

Indicates an estimate of the number present.

clttl(os) Jerty

Outfall
2/ 6/7z-ts/7 /72

27 /7

Lo/8-L3/e

27 le

LL/LO

2s/ro

B/ 1.L

22/tt

6/L2

20/t2

3/r/73

L7 /L

3L/L

t4/2

28/z-LLl4

26/ 4

r0/ s

23/s

6/6

2a/6

1

2

6

2

1

1

83

L

T7

47 (4s)

26 (e)

s (4)

1s (15)

4

1

se (s1)

63 (26)

,

L

2 6 (1)

30R

No datun
cl\I(Ns)

1

LzL (e1)

1

21

L4

7l

79

No datum
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Appendix 18 (cont.)

Date of

examination

4/7 /73-L8/7 /73

rl8

Ls/8

2e/8

L2/g

26/s

tolto

24/t0

7 /LL

22/t7

slt2

Lg/L2

3/u74

L6/r

3L/L

L3/2

27 /2

13/3

27 /3

70/ q

24/+

8/s

22/s

t7

53

80

CW(OS) CW(NS) outfall Jetty 30R

13

3

B

27

35

265

8s (80)

2e (27)

7 (s)

34 (31)

121 (ee)

8

1

3

47

6

29

2L7

352

82

LL2

1000 *

2000 *

500 *

750 x

5/

t7

L7

2

3

55

43 (40)

118 (s2)

47 (37)

3

23

26 (L7)

25

1

1

36

10

23 (2L)

2

3

6

L2 (r1)

1

3

No datum

No datun

133.

28R

2

3

18

94

60

51s

323

L82

58

e6 (e4)

L7

1

9

25

1

1

1

No datun

1

a

L2

5

26

7T

3

85

1

1

1

5

1

2 1

7/6

27/6-72/s

26/ 9

1olro

L

5 16

9



1.34.

Appendix 18 (cont.)

Date of

examination cl{I(os) cl,ll (Ns)

43 40

No datun

No datun

No datun

24/to/74

7 /\L

2r/tL

sl t2

Ls/12/74-2/r/7s

L6/t

30/r

Ls/2

5

1 7

3

Jetty

15

6

Outfal 1

1

7

1 1



Appendix L9.

Date of

exanination

2/ 6/72-t3/ s/ 72

27 /s

LL/LO

2s/70

8/LL

22/tr

6/t2 2

20/L2 1

3/ t/73 1

L7/t-30/8

72/s

26/e-27 /2/74

L3/ 3

27 /3/74-27 /2/7s

5

64

34 (32)

27 (s)

22 (18)

4

7

Not present

135.

Presence of a tanaid crustacean (Tanaidacea : Tanaidae),

possibly Paratanais ignotus, on two-week plates from six

locations, two in North Arn and four in Angas Inlet. On

those occasions when the data were adjusted to allow for

the presence of Leptoclinum ragneri, the actual numbers

present are shown in brackets.

cltl(os) Outfall Jetty

cl'l(NS)

t

3

4

27 (2s)

8 (7)

1

1

30R

1

L

28R

1

1




