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ETAL. t 

At Port Lincoln (South Australia) farming southern bluefm tuna (Thun.ti.us ma,ccoyi1) has increased 
1989 

risen from 
- 50 m 1iameter) sit1.mted both ,~.nJ.hin Boston Bay and 

c.-~~~··•·· rates in fXC'.~SS of 
and produces a constant s::ream organic and non-organic waste (Gmven and Bradbury, 1987). As 
fanning of this kind generally occurs sheltered locations, resulting enrichment of the seafloor in 
the vicnnty cage ls inevitable al., of 

·particular concern to industry (Gowen and Bradbury, 1987) which recognises 
maintain a healthy environment for the fish thus ensuring the productivity and commercial viability of 
the farms. There further concern in the wider (Druff, , Hani.mond, 987) 
degradation of the local environment should be minimised farms should be closely monitored 
order to determine tlie extent of impacts associated witi.1 industry. 

The Port Llncoln Aquaculture Management Plan (Bond, 1993) examined the possible effect of the 
waste from tuna fanning the waters Boston Bay define1d the areas in v1hich 
could occur along with a series of guidelines which call for environmental monitoring. 

Monitoring should enable the spatial extent and degree seabed souring to be quantified. This will 
allow an assessment of the environmental quality of the coastal waters in which the farms are located 
which in tum impacts upon the health of caged fish and the productivity of fanns. A knowledge of 
the spatial extent souring and rate recovery of seabeds vvill also be an important' factor in 
developing management strategies for cage rotation and siting. 

A series of sampling methods were developed analysed in to determine their utility 
quantifying the extent of seafloor souring in the vicinity of the Boston Bay tuna farms. In developing 
these methodologies a number of factors were consideredo In particular the need to: 

i) Have sufficient power to detect changes in seafloor communities both during souring and the 
subsequent recovery phases. 

ii) Provide a basis for long term monitoring which allows comparisons of alternative farming 
methods and conforms with (and in development of) regulatory requirements. 

iii) Be cost effective so they can be applied v1ithin the industry as a management 

1.2. Scope 

The aims of our research were to develop a series of protocols for the ongoing environmental 
monitoring program and to use these protocols to investigate the impacts of tuna sea-cages. In order 
to achieve these outcomes the following objectives were agreed: 

i) To develop and trial protocols for assessing epibenthic communities. 

2) To develop and trial protocols for a<>sessing infaunal communities. 
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a for in status tuna 

4) trial use of a probe for making in measurements REDOX potenthds the sediment 
un~~rtuna 

deterrnine if pocentially gases as methane and hydrogen lH2S) 
were (or to be present) in organically emiched sediments under cages. 

i...... Approach 

A series of :-mrvey :protocols we~ 
Boston to assess unpacls en soft·"'"r .. -·,m 

communities to sand replenishment dredging (work by Cheshire et al. collaboration with 
Coast Protection Branch South Australia). These protocols were trialed during 1994-1995 
data collected from a of \vi.thin Bay. 

1.4. Summary of results 

remote suction designed to infaunal has developed, trialed and 
proven to be a very effective tool studies of benthic infauna. Video-transects of epibenthic 
communities have also been triale,d and, although they are much cheaper than diver surveys, the 
quality data obtained is low compared to infonnation by 

Pilot studies using a fully automated photorespirometer were undertaken of the oxygen content 
within sea-cages holding tuna. were further developed into an honours prograrn (by 
Ms. E. Cronin, University of Adelaide) which is reported elsewhere. 

Chemical studies sea-floor which looked at REDOX potential, and the production methane 
(CH4) and hydrogen sulphide (H2S) were inconclusive and need further development before they will 
be of value as a management tool. 

In general the benthic survey protocols provide adequate power for the detection of impacts in both 
infaunal and epibenthic communities associated with sea-cage fanning (based on an analysis of three 
environmental indices Taxa Richness, Sharu1on Diversity Taxa Equitability). These methods 
have been costed and details of the relative costing have provided on a per cage basis. This 
shows that the most cost effective methods for survey are those which look at the epibenthic 
community. Significant problems arise however in that the video surveys, which are the most cost 
effective, give results which are inconsistent with diver surveys. This discrepancy needs 
resolution before the method can be uriiformly adopted. 

Ibe techniques all utilise readily available equipment and procedures which can be appHed 
'\\ithin the industr'y. 
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system. This should concentrat,e on improving its resolution so that it cru1 provide a similar level 
of \O by 

i!·~u.'"~'"' pmvide a higher 
conside:rablv more 

cf aiM:..Tirnination than epibenthic community studies are 

3) Work on seabed recovery should be unde1taken using these methods to evaluate optimal cage 

A shrn:Lld b;;; the of z, System 
which will facilitate studies of the longer term effect;; of sea-cage farming on benthic environments. 
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Intensive farming of marine fish has gTown considerably in the decade (Frid and Mercer, 

Hall et .990). '-°'-'-''-'""""'""" .. Lumb, '.Aiken, 
1993; 

Bluefin tuna aquaculture requires a healthy local environment order to maintain productivity 
commercial viability (Gowen and Bradbury, 1987), however, intensive sea-cage farming produces a 
constant stream of non-organic waste a,1d There 
community concern degradation of local should minirrtlsed and 
environmental health of areas surrounding farms should be closely monitored (Druff, 1987; 
Hammond, 1987). 

To date the majority of research on sea.floor souring under sea-cages has considered salmonid 
fa..rming (eg Gowen and Bradbury, 1987; Lumb, 1989) which is most commonly fanned fish 
this type aquacultuse (Hall et 1990). The research is restricted to 
management plan developed Bond which environment of Boston Bay is 
likely to respond uniquely to the presence of tuna farms. 

2.2. Objectives 

With these issues mind, a research prog..ram was initiated ·with the aims of a) developing a series of 
protocols for an ongoing environmental monitoring program b) to use these protocols to 
investigate the impacts of tuna sea-cages on benthic environments in Boston Bay. 

In order to achieve these outcomes the following objectives were agreed: 

1) To develop and protocols for assessing epihenthic communities. 

2) To develop and trial protocols for assessing infauna! communities. 

3) To develop and a system for monitoring the changes in oxygen status tuna cages. 

4) To trial the use of a probe for making in situ measurements of REDOX potentials of the sediment 
under t1ma 

5) To determine if potentially hannful gases such as methane (CfL) and hydrogen sulphide (H2S) 
were present (or likely to be present) in the organically enriched sediments under cages. 

The applications of these methods to assessing the in.1pact sea-cage nma fanning on benthic 
environments are detailed in the companion reports (Cheshire et al., 1996a; Cronin, 1995). 
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Meth 

Survey methods 

A number looked variously 
in stattE 

3.1.1. Epibenthic studies 

km south 
altemath1f;, 

3.1.1.1.Diver survey 

200 m transects were run ; Fig. 1) in 1994. 
swarn the transect centre to transect rope. 

pole defined a 1 m square quadrat on which was surveyed by each diver. At 
distances of 0, 5, 10, 15, 50, 100, 150 and 200 m along the transect line, the presence and 
number of different types plants, animals and features within each quadrat was recorded. The 
transects radiated the and were so thau:hey began as to the outside 

predator net as was practical. specimen animal or which not be identified 
situ was placed in a numbered plastic bag and brought to the surface. This bag number was used as 
a taxa label until properly identified in the laboratory (Appendix 2). 

Lincoln, while providing high quality data, were problematical for a number 
reasons. The in areas Boston Bay and disturbai."1ce causes increased turbidity 

obscured seabed and in situ and identification difficult. 11ms, to be able 
see the biota on the sea.floor the divers had to work upside down and very carefully. This slowed the 
pace of the work and increased the bottom time. The depth of the work ( 15 - 18 m) limited dive 
times to less than 50 minutes (with 27 minutes allowable on the second dive after a two hour surface 

- DCIEI'vf Tables) and of sharks were also considered to limit regular use 
When combined and due consideration to the that future f~nning would 

undertaken in deeper water. these problems were considered sufficient to warrant a different 
approach that removed the need for divers to enter the water. 

3.1.1.2.Develapment video transecting technique 

Benthic survey work using video cameras is not new ( eg. Edmunds and Witman, 1991; Whorff and 
Griffing, 1992; Anderson, 1994; Parker et 1994) in particular it has been used extensively in deep 
sea habitats (Edmunds and Witman, 1991) and on the Great Barrier Reef (Christie and Neale, 1995). 

main adv1mtage of the video method is that permits the collection data that can 
analysed in the laboratory (Leonard and Clark, and removes the need for 

A sled mounted video camera was used to film transects. The sled measured 1.2 X L9 m and was 
constructed from 75 mm diameter UPVC stonnwater pipe. A sloping platform (45 °) was bolted 
onto the front sled. The camera was on this platforrn so that it forward 
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an ir:1age be vu''"''-''lvU 

triarigular bridle was attached to 
central buoy was 

of :.:racsect 
towing line break . 

by 
to act as a towing point and a buoy line was 

t') raise a~d lm:sfer the s!e<l and to give ::t" indication 
line sen e, ;_s a ~or ret 

. nem the at a t:.E:a :he cEi.r~"';;ra wz;.s Tut 
was lowered as close as practicable to edge of the predator net and pointing in the direction 

video ue:msec: was to the For a 
team member was left on the cage while a m iine (whlch was attached to the bridal of the sled) 
was laid out the course the transect. The boat was then anchored such that the 200 m 
of w2.s Iaid Depending the this meant attaching ex:t:·a 
rope to the transect line, dropping the anchor and then hanging off this point toward the 
dropping anchcr before the was folly and point fix boat's .,...,,, ... ,,u·a.. 

The boat team then slowly pulled in the transect rope noting the time for retrieval every 2 m. 
person on was observe the and signal team the sled 
had begun i:O move. This was considered to be a distance of 0 m. The sled was then left at this 
position for thirty seconds and then slowly dragged closer to the boat. Further stops of tJtlrty 
seconds were made at 2, 20, 60, 100, 120, and m a:way from the rn point, 
using 2 m markings on the rope as a measure of distance. On completion the transect the sled was 
retrieved and camera battery and tape replaced before moving on to a new site. · 

For the February 1995 survey no team member was placed on the cage. Instead the buoy line was 
hooked over the railing of the tuna cage at such level a rmnnimm movement of the sled would 
be easily observed from the boat. Once this movement was seen the sled was considered to be at 0 
m (distances were as before). Time spent at each stop was increased from thirty seconds to one 
minute. It \:vas also necessary to pay out transect line from the at each of the stops. ·This 
prevented wave action on the boat from levering the sled out of position and making the stop points 
ha.-rtl to detect, a problem encountered in the October videos. Longer stops also helped alleviate this 
problem. 

Distance measurement using marks on the transect line was not as exact as those of diver surveys. 
however, the scale of changes in the system, this method was considered accurate enough. 

Control transects were managed a similar manner. sled was dropped in open water and once 
settled on the bottom the transect line was deployed. As there was no indication as to when t."1-te sled 
would begin moving, the boat was used to pull the slackness from the line for a very short distance. 
Once anchored about 20 metres transect line was retrieved before tl1e assumption was made that 

the sled had begun moving. This was considered to be the starting point. 

For all transects a check was made that 
total time recorded by the camera. 

total time as recorded on surface corresponded to the 
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1. Pt showing the cages the axeas where the 
was undertaken. 

Boston 
Bay 

Commercial 
Farm 2 Control 

I 
N 

work 

Control transects vvere located to 2 km away from the tuna cage on \vhich the cage transect was 
taken and run in the same direction. Cages were examined in both summer and winter with one 
rransect per cage and one per control collected winter arid two transects for each cage and two per 
control collected in summer (Table 1). Tirroughout all surveys control transects were always run in 
the same dirr,ction as the cage transects to ensure that the influence of environmental gradients (other 
than cage effects) were the same. 

Each tape was transcribed from the Hi 8 format to high quality VHS tapes. Tbis served both as a 
backup and made for more convenient viewing. Data was collected from the tapes by watching 
ti11em. At each of stops the area seafloor observed the camera was treated as a quadrat and 
the number of organisms counted and classified. As with the diver transects some components were 
scored only for presence/absence. Larger macro-algae (which intermixed with itself and other algae 
making a discrete count difficult) were considered in terms of an estimate of the area of cover (to the 
nearest 5%). A total of different field codes were identified which were analysed in groups 
(Appendix 2). 
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Table ,-~ages r~11mbers transec:.s 

Site 

-Farm 
Commercial 1 
Cornrnercial 1 

Fann Control 
Commercial Farm 1 Control 
Commercial Farm 1 Ccmt:rol 
Rt search 
Research Farm 
Research Fann 
Research (2 
Research Control 
Research Control 
Research Control 
Research Control 
Commercial Farm 2 
Commercial Fann 2 
Commercial Fann 2 
Commercial Farm 2 Control 
Commercial Fann 2 Control 
Commercial Fann 2 Control 

3.1.2. Infauna survey 

A.ugust 

Date 

18/10/1994 
14/02/1995 
1 
I 
14/02/1995 
21/02/1995 

13/02/1995 
15/02/1995 
9/10/1994 
9/10/1994 
18/10/1994 
13/02/1995 
15/02/1995 
21/10/1994 
14/02/1995 
23/02/1995 
18/10/1994 
14/02/1995 
23/02/1995 

to 

Type 

Video 
Video 

Video 
Video 

Video 
Video 
Diver 
Diver 
Video 
Video 
Video 
Video 
Video 
Video 
Video 
Video 
Video 

3.1.2.loDevelopment of a remote suction sampling system 

1995. 

The method of sampling sediment for infauna analysis with suction devices is not new (eg Christie, 
1976) the data obtained can be more informative than epibenthic surveys although the sorting 
and counting of the animals in sediment samples is time consuming (and hence costly). Field work 
with suction samplers has always been very diver intensive. Owing to the difficulties outlined in the 
epibenthic survey respect to diving Boston Bay. it was decided to use a remote sampling 
approach. 

The basic design of a suction sampler can vary considerably although the basic components are 
similar. used a mm diameter PVC pipe approximately 1.7 m long with an elbow at 
exhaust end. A valve in the side of the pipe allowed for the injection of compressed air from a 
Hookah system located on the surface (Fig. 2). The venturi effect of this air passing up the pipe 
creates suction necessary to suck sediment through pipe and a mesh bag that was tied 
over the exhaust bag a mesh of 1 mm. Fine sediments pass through the bag and 
everything larger than 1 mm was trapped. 

The bag, with the trapped sediment, would be sent to the surface and emptied labelled plastic 
jars. The sample was then fixed in a solution of 4% fonnaldehyde in seawater to which a biological 
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stain, addec1 This '1ncreased the sorting by 
living animal tissue bright pink. 

be 
not be as is the 

The main problems related the positioning of the sampler on 
rop~ v1as attached to the front 

length sampler upright on the A mn~ 

was glued to sampleL This was also strappt".Ai with a considerable quantity 
weight. 'The funnel acted to increase the area of substrate available to the sampler and the 

weigh:: ensured struck bottorn and so~ne Testing 
sampler the coast arPt 20,Jan south cf Adelaide, where diver operated had been 
performed provided a favourable comparison (l\1iller, 1995). sampler very quickly embedded in 
the course sediment this and a considerable was collected in 

cages associated with two commercial farms and the research farm and three control sites 
were surveyed (Fig. 1). each cage the suction sampler was dropped between the cage and the 
predator net with hookah running. moment the sampler the t1mrng was 
started. ·n1e sampler was left undisturbed for twenty seconds, then agitated gently for five seconds 
and left again for a further ten seconds. The sampler was then lifted to a height of approximately 4 
m above the substrate and dropped again. sequence of (twenty seconds · place, five 
seconds agitation ten seconds place) was then repeated before sampler was brought the 
surface. This ensured that the upper 10 to 15 cm of sediment where the vast majority of infaunal 
animals are found was collected. 

Figure 2. Diagram of the remote suction sampler employed in the infauna survey and the layout of 
the epibenthic transect for surveys. 

! 1 Rope 10 Surface 

T To \!oobh 

Med, 8;i_t 

{Pocc OUimct-cr I x: l mm) 

1 Compressed Air 

rvcrtp< ............... 

\IJcm 

Surface 

-----

Anchor 

Transect Lin.e 
(300m !ongi 

-------=--
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Five were cclected each 200 distar1c:c: the The 
0 m distance was taken between the predator cage nets. Each sample 
was placed a labelled to which the staining fixative was added (4% formaldehyde/seawater with 

At 2 m s2mples from 
was ~s 

cage the transect 

.~mmi ":ransects in the s'.1me mar~:er a;:, transects. the 
transect rope, with an anchor at one end, was used to hold the boat. 'I"he normal boat anchor was 
used to keep line as straight as possible in desired direction. Distances were out along this 
Hne as ""'"·'·'" oOU~ 

There were no differences fa the methods for infauna sampling between surnmer and winter except 
that, in summer, the 0 m samples were not taken between the cage and predator nets. Instead the 
sampler WBS as the of the net as 

Sorting of the sediment samples was a labor intensive process. The fixed, stained samples were 
drained washed_ before weighed. The sediment was then washed deep with a 
white A brightly lit magnifying (Magilamp) used to sort through sample 1:vith a 
pair of fine forceps. All of the stained macro-invertebrates (or parts thereof) were removed from the 
sediment and sorted into groups which were classified as far as possible (Appendix 2). These groups 
were and placed labelled vials in a solution of glycerol and distilled water. 
1ne reference collection infauna animals is located at the University of Adelaide, Department of 
Botany. 

3.13. Photorespirometer measurements 

One of the key indicators of the condition of any biological system is a measurement of the amount 
of available oxygen. With regard to tuna fanning, highly oxygenated cages are capable of 
supporting, healthier populations. Oxygen depletion could result more disease prone less 
productive stock. lJnderstanding the sources and sinks oxygen tuna cages is important if we 
wish to understand the tropho-dynamics of these systems. 

A subjective assessment was made of the oxygen producers and consumers in around the tuna 
cages. Observation of firstly the degree of fouling on the cages, which was extteme in some cases, 
and secondly the composition of this fouling, which was predominantly heterotrophic prompted a 
suspicion that the could become oxygen depleted. 

Based on these observations it was decided that an investigation of the oxygen content of tuna cages 
was warranted. A fully automated photorespirometer was used to obtain information on the oxygen 
content the lower portion different cages (Table 2; 1). 
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rabie Cages the 

~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~-

Farm/Cage 1994 0 cto ber 1994 February 1995 

itself was different 

1es 
Yes 

No 
Yes 

No 
Yes 

The in_Jhis was the at ""'"vc'"""'"' 

University (see description in Cheshire et al., press). The device measures the ambient status 
both light and temperature as well as the oxygen content at five electrodes every twenty seconds for 
periods up to four 

Usually a photorespirometer will measure the oxygen exchange samples isolated sealed 
chambers. For this study the five electrodes were mounted in open water at intervals of 05 m above 
the of the cage. small was used to ff10J_ntain flow each ekcrrode to 
reduce boundary layer effects. At the end of twenty four hours the system was retrieved and the 
data downloaded. The oxygen content at each electrode (converted to µM Qi) was then plotted 
against 

A number of problems were encountered in the course of this study. Firstly the deployment depth 
(16 - 18 m) caused problems for the electrodes, many of which had to be replaced. Secondly the 
stirrer units were prone to becoming clogged with strands of macro-algal detritus. Tl:1is reduced the 
effectiveness of the stirrers and the accuracy of the electrodes. Finally the calibration for 
electrodes was conducted at depth of deepest electrode which meant once mounted at 
the correct depth, most electrodes were slightly off the correct calibration. 

In February a syster_n was developed which preventf'Ai the stirrers clogging and allowed for 
correct calibration at the right depth. Electrode failure continued to be a problem. 

The investigation of oxygen content in tuna cages \Jifith the above methods was exploratory. A more 
thorough fovestigation of the sources and sinks for oxygen tuna .was completed Cronin 
(Honours student, The University of Adelaide). Tiris work has been written as a thesis (copy 
attached). 

3.1.4. Sediment chemistry 

Current feeding involve hand shovelling 
cages, direct placement frozen pilchard blocks 
which pilchards slowly thaw and sink to the tuna below. 

pHchards (Sardinops neopilchardus) into 
small enclosures within cages in 

The feed conversion ratio for nma fed on diet was to be in an experimental feed trial 
but is higher for commercial operntions ( 17 - 20: 1; Smart and Clarke, unpublished). In particular the 
frozen block method relies heavily on the judgement of feed staff and the observations of divers in 
order to prevent overfeeding. addition mesh the of the floating enclosure become 
blocked pilch_ards that need to be discarded before new blocks are added. 
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Most solid 'NF12te faecal c;ettles under cages 
causing changes in sediment chemistry and ecology of macrobenthos (Brown et 1987). This 
is to enhanced aerobic and anaerobic microbial activity in enriched sediment and results 
oxygen low 

3.1.4.1 

A rapid method for assessing the soft-mud marine sediment!} was developed by 
Pearson and Stanley (1979) as a means of assessing 
measurements from core rernovec!. a corer. an approach is 

· not without problems. Core compaction and other physico-chemical changes experienced by the 
sample as it transferred to the surface can cause changes in E& measurement 

This meas1xred Eh sedimeni:s u11der a destocked tuna In 
measurements were made by waterproofing a commercially available redox probe and meter. thereby 
negating the problems inherent with measurement from core saw.pies. In addition, the effects of, 
harrowing, and graIT' negative bacteria, on sediment recovery rates were investigated using 
levels as an index of sediment status. 

The Research Farm (Fig. 1) was destocked 1 week prior to experiments. The cage had stocked 
at 0.8 kg/m3 for 9 months prior which is about one third of commercial stocking rates. Quadrats (1 
m square) were marked with hammered into the sediment under the cage (depth= m). 
These were arranged as 3 quad.rat clusters for each of the treatments control, harrowil).g, a.11d 
bacteria, spread unifonnly over the bottom at 5 different locations. Following initial E11 readings, the 
5 harrowing quadrats were harrowed ·with a garden rake, and l kg bags of bacteria + substrate were 
added to each of bacteria quadrats (bacterial applications were added once-'weekly over the 4 
week period). The bacteria used was gram positive DMS-1000 Series or 'sludge doctor®·. supplied 
by Ad.mac Agencies. 

3 .1. 4.2.M ethanogenesis 

In enriched marine sediments is likely sulphate reduction, resulting in the formation 
hydrogen sulphide (H2S) is quantitatively the most importani process. At some salmonid marine 
cage farms the level of sulphate reduction has been reported to be sufficient to allow some H2S to 
escape the sediment along with other gases. Capone and Kiene (1988} that, marine 
systems high deposition rates of matter, sulphate can depleted t.he extent that 
methanogenesis takes on quantitative significance. Samuelson et al. (1988) established the 
composition of gas bubbles released from enriched sediments to be 70% m, 28% C(h, and 2% 
H2S. It is not known whether in gas bubbles or dissolved in water is source H2S 
which can affect fish health, however, the release of gas bubbles from enriched sediments would also 
act as a mechanism for transporting pathogenic bacteria living in the sediment to fish (Gowen et al., 
1991). 
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On the 1994, taken depth 
was a cmnbined platinum cap electrode for sample changer w:ith plug-in-head 

SGJ, supplied John Morris Scientific (Type no. 6.0418.120). Two in Eh measurements 
c;vere taken the .:he 4 period. E1i. vr:se r:ross core 

PVC 

a rubber-stoppered glass vial place-d over the 
Nas was c nder a cage 
and a rod was pushed the sediments and agitated to liberate trapped bubbles. gas bubbles 
were collected the vial which was stoppered and brought to surface analysis. 

Gas 
under a tuna 

"·'"'' .... "'''v"' funnels legs inserted f'faced 
syringe housing was placed over spout each funnel and held 

place by a weighted collar. The funnels were checked at regular intervals to establish the quantity of 
over as arnount of v1ater displ.aced of the housfr:gs. 

3.2. Experimental approach assess the impact of tuna farming 

The methodology assessrnent of envirnnmentaJ impact is undertake a Before 
and Aiter Control and Impact (or BACI design) survey. Such an approach allows the direct 
comparison of the impacted area with the same location prior to disturbance and in comparison with 
control sites. nature study has meant that was possibility 
surveying prior to the impact of tuna cages. 111e post hoc assessment of effect of tuna cages 
through a comparison to areas without cages has two main limitations: 

i) Differences may exist between 
tuna farming. 

cage sites and the undisturbed sites which are not the result of 

ii) The high degree of variability in natural systems may mask impactS except when subjected to very 
detailed (and hence costly) investigations. 

The effects of human activities on the marine environment is inevitable but it is important to 
distinguish between putative and real impacts. The ultimate goal of any impact assessment is to 
determine whether or not there has been a disruptive influence on the system. Attention should be 
directed to the sampling design of a survey and the conclusions reached, as the predictive ability of 
any study is circumscribed by the limitations inherent in the design. There is ongoing debate over 
many (if most) aspects of assessment process which suggests that there is no standardised 
approach to environmental monitoring (Underwood, 1991; Fairweat.her, 1991; Smith, 1991; Keough 
and Quinn, 1991). 

This has attempted to account for limitations it remains imperative that management 
decisions are made with recognition of these limitations. As a corollary, the principle that the best 
available information should be employed in guiding management decisions should also be followed. 

Research on souring the seafioor around sea-cages has undertaken elsewhere in world 
(Brown et al., 1987; Frid and Mercer, 1989; Gowen and Bradbury, 1987; Kaspar et 1988; Lumb, 
1989; Tsutsumi, 1995) but this has pertained primarily to salmonid farming. Within Australia most 
data relates to the farming of salmon in Tasmania Hodson and Burke, 1994) ;>Jthough 
Bond ( 1993) does deal with a number of water quality issues in the vicinity tuna cages and the 
dispersal of organic nutrients. While there is little doubt as to the polluting effect of sea-cages on the 
localised surrounding environments for comparison there are number critical 
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least of 
'.Vanner 

In most natural systems of spatial heterogeneity 
distribution and abundance of organisms. Such patchiness gives rise to 

such as thP. ~verage 
are variable it 

cover a 

pragmatic considerations not 
conclusions are draw: 

!imitation.;; sampling ,_, __ .,,'"''"'" 
unfortunately, not mean can't In c&ses it is 

the nature and implications of such errors .. 

least of 

assumption made in any that the sites are no different to unimpacted 
(ie. there is no impact). This is commonly cailed the Null Hypothesis (Ho). The alternative 
hypothesis is that an impact does exist. 

statistical terms we would 

Ho: The sites are not 

: The sites are different. 

data collected the study is used to test 
rejected. 

the other 

There is a real risk that we may accept the wrong hypothesis. This is known as a type 1 or type 2 
error depending on the circumstances as follows: 

Accept H1 
Accept 

If in 
H0 is correct is correct 
T e 1 Error Correct Decision 
Correct Decision T e 2 Error 

1 error because (by chance) makes the appear different v1hen in 
are not , 1984). In this we may act upon the assumption of an that does not 

exist. Our response will conservative in environmental terms and this error is hence less of a 
problem. 

2 error because study was not powerful enough to detect a 
(Zar, This is the most serious error as it incorrectly 

has had no effect on ihe system when in reality it has. It is also the most likely form of error given a 
patchy system for which we only have post hoc data (such as the system in Boston Bay). 
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Ivfanager' should :vare of of error, ES relates hoc of 
unpact:... in impact assessment is based solely on a comparison with surrounding areas. 

. . 
r\'.Slgn impac; assess :ems b 

type of making as 
study and discussed 
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40 Results - Power of sanipHng n.1.ethods and cost esthnates 

A objective in surveys assess environmental is to determine whether the 
a m1tatively impacted arP:a a.TP,a. 

is hoped ther•",: be nc ......... ~·-~v-.• .... .. 
Such a result would be to conclude that 
approach is 
detect 

for 

Power are to the hypothesis there no impact") can be 
·accepted or whether it results from insufficient replication. In such cases, if no significant differences 
are detected the power is not high, then nothing ca..'1 be concluded. 

Power generally defined as a measure confidence have accepting null hypothesis. 
In environmental impact assessments we would generally expect a power greater than 0.85 (85% 
chance that acceptance of the null hypothesis will not create a ty-pe 2 error; 15% chance that 
acceptance the hypothesis will be incorrect). 

An alternative approach is to define the least significant number (LSN) which is the minimum 
number replicates needed to detect a change of a given magnitude whilst providing an appropriate 
level of power. For this project it was agreed that for most parameters the surveys should be able to 
detect a change of in any a range parameters a power 0.85. 

The mathematical calculation of power is specific to the design of the experiments and includes the 
number of comparisons (groups) and the variance associated with given parameters. In order to 
standardise this we have defined the pov-1er analyses in terms a single parameter, this being 
distance from the cage with close ( < 20 m), distant (2:: 20 m) but still on the cage transect and the 
control (2:: 1000 m). This allowed for a one way comparison with three levels. 

Three parameters were analysed: taxa richness, Shannon diversity (of taxa) and equitibility (taxa 
evenness). 

The cost~benefit analysis can therefore be defined terms the cost under-caking a survey which 
provides the desired benefit (ie. has a power of 0. 85 to detect a /1 of 20% ). This is defined as: 

x CostPerReplicate = CostOfPower 

The following provides a discussion of power with respect to the various survey methods employed 
in this 
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3. dJversity equitibEity each of 
considerc<J across three classes 

control). Vlhere N is nmnoerof collected study across ah iocations, 
least of samples required to a20% in the with a power 

-~·~,--~ . N ;,~foc: 11 ac:ross PO'P'''· Number cf L~N p 

iietbod '<'stances >amples t0 
achieve a 
powe:r of 

0.85 
Diver Taxa 71 3.90 0.78 0.98 40 24 0.01 
Epibenthic Richn~ 

71 0.43 0.97 45 26 

EquitibiEty 71 0.31 0.06 0.99 25 16 0.05 
Video Taxa 194 3.10 0.62 LOO 45 25 0.8 
Epibenthic Richness 

Shannon 194 0.40 0.08 1.00 50 31 0.96 

40 
Infauna 43 

Richness 
Shannon 161 0.49 0.09 LOO 30 19 0.00 
Diversity 
Equilibility 161 0.22 0.05 1.00 19 12 0.00 

4.1.1. analysis of diver collected epibenthic 

Both taxa richness and equability changed significantly depending on the distance from t~e tuna cage. 
richness short and intermediate distances was significantly higher the control 

3; Fig. 3A) and equitibility was significantly different all distance classes (Table 3; 
Fig. 3B). There were no significant differences in Shannon diversity (Table 3; Fig. 3C). 

Using the most conservative index - Shannon diversity - a 20% change with a minium power of 0.85 
should be detected after 45 samples. Our data set, which is comprised of 71 samples is more than 
adequate to the and gave of 0.97. least significant number was 26. 

4.1.2. Power analysis of the video data 

There were no significant differences detected between any distance classes for taxa richness, 
Shannon diversity equitibility (Table 3; Fig. 4A-C). This is probably a of the 
cmr1paratively taxonomic resolution in the which has resulted in fe'<ver taxa to characterise 
each site (diver survey had 20 taxa, infauna survey had 34 tax.a while the video survey had 16 taxa) 
and the difficulty in counting individuals of these taxa compared to the diver survey. 

The Shannon diversity indicated t~at the minimum number of samples required to detect a difference 
between the means would be 3 . Our power, 194 samples, was 1.00 

4.1.3. Power analysis of the infauna 

Taxa richness was not significantly different at any distance class (Table 3; Fig. SA). There were 
significant differences between for both equitibility Shannon diversi Equitibility of 
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was to on the contrcls 3; t inueased from 
the cage the diversity 'Nas slightly higher than the controls although this was not significant 
Shmmon close the was significo:intly aer 3; SC) 
Fw.ther the cu.ges t~~e diversity was much the sarne u.s fot the 

mos, conserv w2.s tax.a 
to obtain a power of 0.85 witii a 20% change. Tne number 
excess of the number required and gave a power of LOO. 

Neither the photorespirometer work nor measurements of 
terrns of 

4.1.5. Conclusions 

tot2. 

samples collef..:ted l) was far 
least significant number (LSl'-0 was 

potential have been considered in 

We have only considered taxa richness, Shannon diversity and tax.a equitibility across three distance 
classes (close, dis~.J1t and control) for the diver epibenthic, video epibenthic and infauna data. There 
are large number of indices that can be used as descriptors of data there is 
considerable debate as to the validity or usefulness any of them (including those employed here). 

indices we have used are probably most common but efficacy of a variety measures 
should be tested to fully appreciate which are best for this system. 

Tne number of samples required each of the survey methods were very similar (40-50) as were 
the least significant numbers (LSN's = 26-31.). This similarity probably reflects the fact that each of 
the methods is applied in essentially the same system and thus are operntL11g on the same scales 
and/or gradients. all cases the number of samples collected the survey was considerably 
excess of the actual number required (with the power considered at 0.85 for a 20% change). 
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f=!gure ~A. Taxa Pichness By Distci.nce Class 
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F~gure 4A. 
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Figure 5A. f~ichness Class 
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be assumed that the 

is on team 4 per day. is 
assumed that each diver·i.:mdertakes two dives and that each dive requires two divers who collect 

sets ~ame transect. trar'.sect is rn vvith at 5, 
20, 50, 100, 150 and 200 rn. 

•·---~-···--~~"---~~·--· --•-W4"--"·-·~---·---·~-

Item 

Personnel: 
Divers wit.1. biological training 
Boat persons (alternate with divers) 
Transcdbe data to computer 
Analyse and interpret data 

Equipment/Facilities: 
Boat time 
Measuring tapes and transect lines 

Consumables: 
Scuba fills 
Fixatives/collection bottles 

Sub-total - marginal cost per 
transect 

Provisional costs: 
Delay due to bad weather1 

Diver training (in biology)2 
Insurance for hazardous conditions3 

T'otal cost per transect 
. Total cost per guadrat 

Number 
of units 

4 
4 
1 
4 

2 
1 

2 
1 

30% of field 
personnel 

10% 
15% 

Units 

hrs 
hrs 
hrs 
hrs 

depr. 

fiJls 
misc. 

4.2,1.1. Discussion ofpro11isional costs: 

Unit 
cost 

$ 

r•'\ 
LU 

20 

20 

15 
10 

6 
20 

Marginal 
cost$ 

80 
80 

80 

10 

20 

78 

35 
50 

Totals 
$ 

332 

163 

495 
55 

'Bad vveather is a major problem for diver surveys. Diver safety and seafloor visibility are both 
compromised under adverse conditions. 
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order ensure; 
training programs). 

·----------------

quali'.~/ divers be biology 

conc/crn.. Repet1 dive need rigidly 
shark attack which cannoi be costed dollar terms. 

-
"Li ;fa 

25 

or 

IS 

quality taxonomic resolution and accuracy of abundance estimates. 

From the of required 
of taxa richness, Shannon diversity or equitibility of taxa was 26. 
quadrat this gives: 

26 $'"t:" $14""" x "J.> = . , .Ju 

detect 
On 

change m eithe 
cost per 
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surveys -

1:ypical costing based on a team of 2 wh.;.ch undertakes 4 i:ransects per day. 
length m with at 0, 2, 40, 60, 100, 120, 150 m. 

Boat "'''"'""""" 
Transcribe data to computer 
Analyse interpret 

Boat time 
Video camera, sled and VCR 

ff"• bl Y~Onsuma es: 
Tapes 

Sub-total - marginal cost per 
transect 

Provisional 
Delay due to bad weather1 

-~f otal cost per transect 
Total cost per quadrat 

Numbe· 
of 

4 
1 
3 

2 
l 

1 

30% of field 
personnel 

Units 

hrs 
depr. 

1 

... 

4.2.2.1. Discussion of provisional costs: 

15 
20 
20 

D 
20 

60 
20 
60 

30 
20 

42 

PAGE26 

transu.:t 

50 

237 

42 

weather is 
the cost of 

of a problem video surveys. The commitment to a boat team mea.11s 
and rescheduling is proportionally less. 

4.2.2.2. Data quality: 

Low resolution taxonomic with many abundance estirnates difficult to make due to 
overlapping fields view. The permanent record that is obtained from these does re-
analysis/interpretation of the immediate discussion gross results 
operator. 

From the power analysis the maximum number of quadrats required to detect a 20% change in either 
taxa richness, Shannon or of taxa was 3 . On the of cost per 

quadrat this gives: 

3lx $26 = $806 
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surveys,, collectei i emote 

The typical costing based on a field team of 2 vvhich undertakes 3 transects per day. The transect 
length samples the -:~ 

Item 

Personnel: 
persons 

Sort identify ua",'"'''" 

Transcribe data ~o computer 
Analyse and interpret 

Suction sampler/compressor 
Sorting facilities" 

Consc1:mables: 
Fixatives/collection 'l:-0ttles 
Specimen jars 

Sub-total ~ marginal cost per 
transect 

Provisional costs: 
Delay due to bad weather2 

Total cost per transect 
Total cost per sample 

m. 

6 

6 

2 
1 

1 

30% of field 
personnel 

4.2.3.1. Discussion of costings: 

hrs 

hrs 
hrs 

hrs 
depr. 

bench 
fee 

misc. 

15 90 

20 20 
20 120 

310 

15 30 
20 20 

1200 

1250 

25 25 
125 

2685 

27 

27 

2712 
129 

1Sorting facilities are costed in and account for the need to have a well setup laboratory with 
adequate fume-cupboards and microscopes. They have been accounted for with a nominal bench fee 
of $50 day. 

2Bad weather is less of a problem for remote infauna surveys. This costing is based on 30% of boat 
time with totals $140 per transect. The commitment to a smaller boat team means that the cost of 
delays rescheduling is proportionally 

4.1.3.2. Data quali~v: 

Very high resolution in taxonomic terms, and abundance estimates are very accurate. 
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the analysis ::naximurn numbe~ quar'rats required to 

of the taxa richness, Shannon diversity or equitibility of taxa was On 
a 20% .~:ange eithe{ 
basis of cost per 

gives: 

26 x $129 = $3,354 
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Redox 

on a minimum field team at least two of which must Th typical costing is 
experiencl"A1 divers. collection samples reading ga::; collection 
devices one day at cage. Cost bacterial treatment has been included< 

"'~<'----~·-·--~--·---- ·---·--· ·--··"~··~---~'"" ___ "'"'----~·------~ ... ---~- "" 

Persormel: 

;'X~uiprnent 

I)ownload data 

Equipment/Facilities: 
Boat 

Cm~sumables: 

Batteries 

Computer disks 

fills 

Bottles 

Chemicals 

Sub-total a marginal cost per 
transect 

Provisional costs: 
Delay due to bad weather3 

Down time for essential repairs 

Total cost per transect 
cost per replicate (gas 

collectors ~ 25 % ) 

of units 

6 
'!,., 
1'._L 

6 

4 

1 

3 

5 

1 

30% 
10% 

Unit 
s 

hrs 
hrs 
hrs 

hrs 

misc 

misc 

misc 

nnsc 

IlliSC 

Total cost per replicate (Eh 
measurements - 75 % ) 

~~~~~·~~~~~-~~~~~~· 

4.2.4.1. of 

cost 
$ 

15 
15 

5 

15 

4 

5 

6 

1 

10 

~ost $ 

90 

16 

5 

18 

5 

10 

1 
51 

$ 

360 

504 

202 

12 

36 

Costs assume that all measurements can be made within the span of a single dive. Costs per replicate 
are based on the proportion of the total cost in time and resources allocated to either En or gas 
release measurements. In this the Eh been placed at 75 % of the total cost. The 
remaining 25 % is allocated to gas collection. 
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Bad is a chemistry it is certain 
sediment churned up by rough conditions wouid give meaningful result 

was 
aetec;tea c\iolving from suiirnent (possible because the 
more development before it can be used routinely. 
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42.5. Photorespirometer Deployments 

typical costing is based on a fieid team of 3 for a total vlork. vf 1 day. This ls spread 
0'1er ~- of 2, days as each deployment requ1res twePt~y four hours to c0mplete 

-~-·--------------···----· ---------·--·~-------·-·----

Item Number Units Unit 
co::J: 

Margina 
cost 

Totals 

Boat person 
Dive team 
Preparation of equipment 
Dov1nload analyse data 

Photorespirometer1 

I.ab space2 

Boat time 

Consumables: 
Batteries 
Computer disks 
Air fills 
Bags 
Fixative 
Bottles 

Sub~total ~ nmrginal cost per 
transect 

Provisional costs: 
Delay due to bad weather3 
Down time for essential repairs 

Total cost per deployment 
Total cost per replicate 

6 
12 
2 
1 

l 
1 
6 

6 
1 
4 
5 
2 
5 

30% 
10% 

hrs 

hrs 
nrs 

daily rate 
dsily bench 

hrs 

misc. 
rrusc. 
misc. 
misc. 
litres 
rnisc. 

4.2.5.1. Discussion of costings: 

15 

15 
1 

150 
50 
15 

4 
5 
6 
1 
1 
1 

90 

30 
15 

150 
50 
90 

24 
5 

24 
5 
2 
5 

205 
71 

1The daily rate for the use of the photorespirometer covers the eventual cost of replacement 
(conservatively placed at $20,000) and is the standard rate for users of the system. 

315 

290 

65 
670 

276 

946 
190 

2Laboratory facilities are costed to account for the need to have a well setup laboratory with 

3 

adequate fume-cupboards and microscopes. They have been accounted for a nominal bench fee 
of $50 per day. 

3Delays due to bad weather have a two-fold threat as a delay in the deployment of the system can 
mean loss of a day. A delay in the retrieval the system can cause the degradation the 



IN\1 2ST!GATL !G SEAFLOOR S1JURING ETAL ·996 

rr)rnet:ers batte; ies. A cost cc 1ers the lhole 
just field component). 

42.5.2. Data quality. 

to ,.i995). 
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Relational w.taba~,e~ employ a numbe:r constructs the storage arui manipufa.t'on of data.. Data 
are stme.d Manipulation occm"S dlrough. Qa~rie&. 
(or fields). the format of which is defined by user. The philosophy 

this on for 
Resources Database (Bujang et al., 1993). 

database 
Coastal 

The majority of biological/environmental databases require three tables as the most efficient means of 
. c • Th m1orn1auon. es;:: consist 

Inf 1m·mati.nn - t.ablr;; which all the site in:formatfon the are locate& The 
types of data stored in this table are the Date, Location of sampling, Comments on weather 
conditions any other details might be relevant to batch of collected that 
site and at that time. A SAMPLE_ID field within this table is used as a common link to other tables. 

Taxonomic lnfonnation ·· In this table the field TAX CODE is used to link the common names for 
organisms in the Abundance Data table to biologically informative names. A field generally called 
A.NAL YSIS_ID is included. Trris field contains a label which indicates the level at which the data 
will be aggregated and analysed. The Taxonomic table is essential where a number of different 
persons have collected the data as there are inevitable differences in the common names between 
different observers/observations. 

Abundance Data - 'The table which all the names ID"ld numbers orgmrisms for basic 
sampling units (ie qua.drats) are located. Records within this table can be linked, via the TAXCODE 
field. to the Taxonomic Information Table allow for summaries at different taxonomic levels or to 
the Sample Information Table (via the SAMPLE_ID field) to allow for summaries at different spatial 
scales. 

The structures of all three survey databases (Diver Epibenthic, Video Epibenthic and Infauna) are 
highly similar in their basic form, however, there are some specific differences that are particular to 
each survey. For this reason the basic design of all three databases is depicted. These designs can be 
constructed under a number of different database packages, we have used Microsoft ACCESS. 
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Diver 

Diver 

Colurnn 

Site 

Date 

S,A~~1PLE_ID 

Dive 

time 

Depth 

Weather 
condition/ 
Comments 

information 

Type 

Number 

Date 

Number 

Text 

Number 

(Integer) 

Number (Single) 

Memo 

- Abundance data 

Field Name Data Type 

SAMPLE_JD Number (Integer) 

Quadrat Number (Integer) 

TAX CODE Text 

Abundance Number 

·-----·---·---------· 

Length Description 

10 

3 

3 

3 

transect run 

Locatic.11 the transect 

that the transect was run 

for 

for each 

transect 

Time (in min.utes) for the dive from 
when the divers leave the surface to when 
they return. 

the bottom 
transect 

Depth of the transect (m) 

Short summary of weather conditions 
during comments 
other rrdght be relevant 

Length Description 

4 Unique number for each divers data within 
each transect (ie there be two for 
transect) 

8 Quadrat distance 0,5,10,15,20,50,100,150 
and 200m 

20 Label used to describe the organism 
observed the quadrat 

8 Abundance value for number of 
organisms seen in the quadrat 
Botryocladia sp. is considered on a scale 
from 1-5. 
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TAXCODE 

Phylum 

Class 

Order 

Fa.rnily 

Genus 

Text 

Text 

Text 

Text 

Species Text 

ANAL YSIS_ID Text 

Infauna transects 

Infauna - Transect information 

Column 

Year 

Site 

Date 

Method 

SAMPLE_ID 

Comments 

Data Type 

Number (Integer) 

Text 

Date/fime 

Text 

Number (Integer) 

Memo 

20 

20 

20 

20 

20 

20 

20 

----· 

TAX CODE in abundance table 
collection (See above) 

of tax a 

Phylum of the TAX CODE 

of 

Order of the TAX CODE 

Family of the TAXCODE 

of 

Species of the TAX CODE (includes genus 

Label given to the T AXCODE for analysis 

Length Description 

4 Year of the survey 

12 

8 

12 

4 

LOcation of the transect 

that transect undertaken 

The manner in which the suction sample 
was collected ( eg Remote, Diver Operated, 

Unique number for each transect 

Description of the conditions for each 
particular tnui.sect 
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---· .. ----------- -~- ···-·--··---------------------·-·-········---------~ --------------------·· ------------
Field 

SA.MPLE_ID 

Distance 

R 1: . .... ep11care 

Weight 

TAXCODE 

Abundance 

--- --·------

Data Type 

Number (Ir;teger) 

Number {Integer) 

Text 

Number (Double) 

Text 

Number (Double) 

Infauna Taxonornic infm·mation 

Column Data Type 

TAX CODE Text 

Phylum Text 

Oass Text 

Order Text 

Family Text 

Genus Text 

Species Text 

ANAJ'-' YSIS_ID Text 

Length Description 

'Unique transec· 

4 Distance aiong the ·1:ransect (0, 2, 100 

2 

8 

4 

and m) 

of replicate each 
B, C, D, E) 

Wet weight (in grams) of the sample 

of tax a each sample 

Absolute number of each taxa in each 
sample 

Length Description 

20 TAX CODE from the Abundance Table 

20 Phylum of the TAX CODE 

20 Class of the T A.XCODE 

20 Order of TAXCODE 

Family of the TAX CODE 

Genus of TAXCODE 

(A, 

20 

20 

20 Species of the TAX CODE (includes the 
genus name) 

20 Taxa label. used in Analysis 
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Video 

Video~ 

Column 

Year 

Location 

Date 

Data Type 

(fr .. Leger) 

Text 

Date/Time 

TRAl"ISECT_JD I'fornber (Integer) 

Viewer Text 

Cornment5 l\1emo 

Video ~ A.bundance data 

Column Data Type 

TRANSECT_ID Number (Integer) 

Distance Number (Double) 

TAX CODE Text 

Abundance Number (Double) 

~-----~-~-~~~-~· ----~---

Length Description 

20 Place which video was taken 

8 

2 Unique number of the transect 

10 Person who viewed the transect 

location conditions 

Length Description 

4 Unique number of the video transect 

8 Location the transect 
(0,5,10,15,20,50,100, 150 and 200 m) 

20 Taxa found at each location along the 
transect 

4 Number of organisms in each screen view, 
with macro-algae considered as a.'1 estimate 
of percentage cover image 



- Taxvnornic informatmn 

Class Text 

()rd er Te:t\t 

Genus Text 

Species Text 

ANALYSIS ID Text -
·------------·~~----

20 

15 

15 

25 

20 

for 
abundance table 

c1gam:>ffl 

Class of the TAXCODE 

Order of the TAX CODE 

Family the 

Genus of TA.XCODE 

4 

the 

Species of the TAXCODE (includes genus 
name) 

Label used in analysis 
------·---------·-·-------------------·----
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lists frorrt each of the survey ntethods Appendix 

of sur ,axa 

ANALYSIS_II:r, descriptions of data of the lifeforms found 
epibentl1k 

Standarciised 
classification used for 

Ascideacea 
Astero;dea 

Bivalvia 
Bivalvia 
Bi val via 
Bivalvia 
Bi val via 
Botryocladia 
Bryozoan 
Cephalopoda 
Chlorophyta 
Chlorophyta 
Fish 
Fish 
Fish 
Fish 
Fish 
Fish 
Gastropoda 
Gastropoda 
Holothuroidea 
Malocostraca 
Malocostraca 
Mollusca 
Mollusca Egg 
Ophiuroidea 
Phaeophyta 
Porifera 
Posidonia Drift 
Rhodophyta 
Rhodophyta 
Sea grass 
Sea urchin 

Specific description epibenthic lifeforms 
found 

Ascidian 
Sea Sti:u· 

Fish 
Bivalve 
Cockle 
J\1ussel 
Oyster 
Scallop 
Botryocladia obovata 
Bryozoan 
Octopus 

macro-algae) 

Caulerpa sp.(green macro-algae) 
Ulva sp .. (green macro-algae) 
Blenny 
Cling Fish 
Dragon et 
Fish 
Gudgeon 
Stink Fish 
Gastropod 
Snail 
Sea Cucumber 
Crab 
Hermit Crab 
Mollusc 
Mollusc Egg 
Brittle Star 
Ectocarpus sp.(brovvn macro-algae) 
Sponge 
Posidonia drift (seagrass fragments) 
Gracilaria sp.(red macro-algae) 
Red Macro-algae 
Halophilla sp.(seagrass) 
Sea Urchin 

diver oriented 

Record 
abundanc 

Count 
Count 

Count 
Count 
Count 
Count 
Count 

Count 
Count 
Count 
Count 
Count 
Count 

Count 
Count 
Count 
Count 
Count 
Count 
Co um 
Count 
Count 
Count 
Presence 
Count 
Count 
Count 
Presence 
Count 
Count 

Count 
Count 
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List .. vi.oeo siffvey 

TrJCa defined from the video transects for the Oct0ber l 094 axld 1995 field 
I.hat, while the tax.a desc<ibed here and in the diver transects are similw., the level analysis is 
differe!"t m~.y cases. Th's is dt~e to the sparsity of some C'1Ses. Thi'.' Crnstac~ Drift 
groups c;vere frcn~ the for I·eas:Jns. 

classification used 

Annelida 

Anthozoa 
Ascideacea 
Ascidiacea 
Ascidlacea 
Ascidiacea 
Ascidiacea 
Ascidiacea 
Ascidiacea 
Ascidiacea 
Ascidiacea 
Bryozoa 
Chlorophyta 
Chlorophyta 
Crustacea 
Drift 
Drift 
Echinodermata 
Echinodermata 
Echinodermata 
l\4ollusca 
Mollusca 
Mollusca 
Mollusca 
Mollusca 
No Data 

Osteichthyes 
Osteichthyes 
J>haeophyta 

Phaeophyta 

found 

Polycheat head 
Seagra.ss 
Anthozoan 
Sand AscidiaL 
Ascidian 

of 

Clearhead Ascidian 
Colonial Ascidian 
Large yellow Ascidian 
Small yellow Ascidian 
\Vhite Ascidian 
White Colonial Ascidian 
Yellow Asciclian 
Bryozoan 
Caulerpa cactoides (green macro-algae) 
Ulva sp.(green gacro-algae) 
Hermit Crab 
Drift Algae 
Drift seagrass (not necessarily Posidonia) 
Sea Star 
Sea Urchin 
Holothurian 
Pinna sp. 
Queen Scallop 
Octopus 
Gastropod 
Whelk 
Used to indicate that a quadrat was surveyed 
but nothing was found in 
Fish 
Puffer Fish 
Brown Algae 

Brown filamentous Algae (growing on the 
sand) 

of 
abundance 

Count 
Count 
Count 

Count 
Count 
Count 
Count 
Count 
Count 
Count 
Count 
Count Clumps 
Count 
Count 
Count 
Presence 
Presence 
Count 

Count 
Count 
Count 
Count 
Count 
Count 
Count 

Count 
Count 
Percentage 
Cover 
Percentage 
Cover 



Phaeophyta 

Porifera 
Pcrrifera 
Porifera 
Porifera 
Porifera 
Porifera 
Rhodophyta 

Rhodophyta 

Hole 
Worm Tube 

INVESCIGATL iQ SE/FLOOK SOURING 

taxc ::.·ant. 

cf 

S'argassum sp.(brovm macro-algae) 

Grey Sponge (non-erect) 
Orange 
Up:ight grey spo:1ge 
White Sponge 

sponge lots pores 
Yellow Encrusting Sponge 
Botryocladia sp. Drift 
Botryocladia obovata 
Red Algae type A 

Vvorm 
Worm Tube 

macro-algae) 

JI"[ AL ,996 

Percentage 
Cover 

Count 

Coun~ 

Count 

Count 
Presence 
Count 

Percentage 
Cover 
Presence 
Presence 



t.axa 
199 5 collections 

Standardised 

Anthozoa 

Asddiacea 
Bi val via 
Ophiuwidea 
Bryozoa 
Polyplacophora 
Brachyura 
Cumacea 
Echiura 
Eggs 
Osteichthyes 
Osteichthyes 
Turbellaria 
Paguridae 
Hydrozoa 
I so pod a 
Mysidacea 
Nematoda 
Opistobranchia 
Ostracoda 
Polycheata 
Holothuroidea 
Asteroidea 

FCR IN\7EffIG.'TlNG SEAFL:OR 5JUR1NG 

for 

samples 

Common names for 

Anemone 

Ascidian 
B1valvf; 
Brittle Star 
Bryozoa 
Chiton 
Crab 
Cumacea 
Echiura 
Eggs - unidentified 
Fish - unidentified 
Fishlanr - unidentified 
Flatworm 
Hermit Crab 
Hydroid 
Isopod 
Mysid Shrimp 
Nematode 
Nudibranch 
Ostracod 
Polycheat Wom1 
Sea Cucumber 
Sea Star 

EI 

both 

organisms 

994 

Record 

Count 
Count 
Count 
Count 
Count 
Count taxa * 
Count 
Count 
Count 
Count 
Count 
Count 
Count 
Count 
Count 
Count taxa * 
Count 
Count 
Count 
Count 
Count 
Count 
Count 
Count 

Echinoidea Sea Urchin Count 
Decapoda Shrimps Count 
Sipuncula Sipunculins Count 
Astacillidae Skeleton Louse Count 
Caprellidae Skeleton Shrimp Count 
Neballidae Slender Legged Sea Flea Count 
Gastropoda Snail Count 
Porifera Sponge Count 
Cephalopoda Squid Count 
Tanaidacea Tanaidacea Count 
* For colonial organisms such as bryozoans and hydroids the sample is usually highly fragmented -
making a count of individuals impossible. Data these organisms is collected in terms the 
number of different taxa in a sample. 
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TI-IE OF SEA-CAGES 

Background 

The environmental effects sea-cage 
species (mostly salmonoids, eg Gowen 
Hall et 1990; Tsntsumi, 1995) but little is ,,..,..,,.,.~""' 

Sea-cage higher ..,MJ·----~-.......... "''"''""·'·""·' 
pccpulations in a rain of waste 

assess the 
tuna 

benthos. Uneaten food, ammonia and faeces are the components of this waste (Wildish et al., 
· 1990) the accumulation which may exacerbated inefficient assimilation by the stock and the 
need sheltered locations, which limits dispersal (Braatan et al., 1983). 

1.2. 

The aims of our research were to apply the :methodologies developed through the fust 
research program (Cheshire et al., 1996) in order to assess the extent the impact on 
environments Boslon Bay. smnmary our objectives were: 

of this 
benthic 

To briefly sullli"llarise the literature with. to what known about sea-cage fanning, 
effects this has on the local environment, and the sorts of environmental monitoring that have 
been conducted. 

To assess 
commuI1ity 

environmental impact of tuna sea-cages on 
sediment chemistry. 

epibenthic community~ inf aunal 

3) To formulate proposals for the management of future environmental monitoring programs and 
to suggest areas future research. 

1.3. A.pproach 

Surveys of epibenthic and infaunal communities were conducted by collecting samples along 
transects. These transects ran 200 m (diver epibenthic and infauna!) and 150 m (video epibenthic) 
from the edge of the cages. Abundances of various taxa were recorded at intervals along these 
transects and with abundances recorded from control transects wrJch vv:::re run at 

greater 1 km from cages. choice of transect length and intensity 
sarnpling along transects was based upon the assumption that impacts would decline exponentially 
away from the cages. Preliminary information from prior research (Bond, 1993) and our own 
observations supported this proposal in that they suggested that most changes in community 
stn1cture took ·Nithin the 20 m communities) 150 m (epibenthic 
communities) cage. 

1.4. Summary results 

In general the epibenthic communities were up to 150 m from the cages. Surveys at 200 m 
indicated that communities were not different to on the conuul transect. Effects on 



et 

20 m of the cage but t1P,,,.,,,..~t1 

tnmsects. 
~omrnunities ·vt":Te not 

5 rn 1he cage iJJargin. uominant ra.xa iI1 
polychaetes, nebalids, brachyurans anthozoans 

and 

region Ll'lclude elevated numbers of 
interrnedia1e numbers of ascidians, 

2) m from the cage which is characterised by inoderate levels of organic 
taxa this elevated numbers ascidi~11s 

but there is a reduction in both polychaetes and sea urchins relative to the inner zone. 

, 3) A zone 20 to ~ 150 from cage., Although is 
evidence of a build up of organic detritus in this area there is an increased abundance of 

4) 

oerurutc filter organisms 'i1hich upon orgaruc u1puts their 
nutrition (eg. ascidians and holothurians). The infauna.I communities in this region show no 
significant differences from those on the control transects. 

The final zone comprises the area beyond 150 m from the.cage including 
control tra..11sects were run. 

l.5. Recommendations 

areas in which 

1.5.1. More detailed study of cage rotatkm. strategies on seafloor souring 

Further studies sh,_r1uld be uruie.rtaken to assess 
processes of seafloor souring and recovery. 

effect of differences in/arm management on the 

1.5.2. Refinement of video survey techniques 

Metlwdsfor using video surveys should refined and developed to er.able use as a routine 
monitoring tool. 

1.5.3. Detailed investigations of the use of harrowing and bacterial applicati.ons 

Further studies should be undertaf.en to investigate the use of bacterial applications, harrowing 
and other techniques on maintaining the health or accelerating the recovery of sediments under 
sea·cages. 

1.5.4. Taxonomic resoluti.on ofinfaunal data sets 

The relative benefit of using an increased taxonomic resolution vs. decreased sampling intensity in 
infaunal studies should be undertaken in order to evaluate alternative sampling strategies for this 
system. 
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of sumzner 

ur.thLJ•r studies should undertaken to assess the effect of changes in physical enviromnent 
summer winter rm ~he 

15.6. of BACI designs 

use a to the 
irt"4:'1Jact associated with aquaculture development. 

,, Use 

Future studies should address the issue of controls for bay-level responses. 
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OF SEA-Ci1,GES 

g~mwn to 
pontoon 

while the outer net drapes to the sea.floor 
18 m deep water around Boston Island 

PAGE 7 

The environmental effects of this form aquaculture been documented for a number of other 
.species (mostly salmonids, eg Gowen and Bradbury, Frid and 1989; Lumb, 1989; Hall 
et al., Tsutsumi, 1995). Sea-cage farming results a constant of organic non-organic 

onto the sUt1ounding Uneate:::. ammonia faeces are 
waste et al., the accumulaiion of which exa.cerbate.d water 

movement that characterises these sheltered locations (Braatan et al., 1983). Gowen and Bradbury 
(1987) estimated a deposition rate up to kg.m-2.year-1 irrnnediately a salmon cage and up to 
3 kg.m-2.year-1 within the local area. 

is growing concern over effect of the stock cage and 
environment (Druff, 1987; Harmnond, 1989; Hall et 1990). 

relate to changes in the sediment chemistry, water chemistry. and the local biota. To avoid possible 
threats to the stock, farm managers are inclined to regularly move their cages between sites (Frid and 
Mercer, 1989). 

Enrichment of seafloor beneath cages changes iu. chemistry fr1cluding 
dissolved oxygen content the water and the of H2S et al., 1987; 

Lumb, 1989; Wildish et al., 1990) and methane (Clii). These changes result from alteration of the 
sediment chemistry (Brown et al., 1987) and the formation of anoxic sediments (Pearson and 
Rosenburg, 1978). Brown et al. (1987) found highly reducing conditions up to 3 m from the edge of 
a salmon cage suggested H2S was being produced continuously yvith possibility some 

in a few of the year. They also diat oxygen in bottom water under cage 
were reduced relative to ambient levels. Changes in the chemistry are a particular threat to the stock 
as water quality is a key issue in the maintenance of fish health (Foxton, 1991). 

benthic flora fauna in immediate of sea is generally 
significantly in ten:ns of community composition, species richness, diversity, of taxa 
biomass (Brown et al., 1987; Gowen et al., 1988). Brown et al. (1987) desc:dbe four zones effect 
on the benthic community around a salmon cage in a Scottish sea loch. A zone completely devoid of 
life up to 3 m from the cage, a second area with low species diversity dominated by opportunistic 
polychaetes and a third zone from 15 m, that was highly diverse contained not only taxa 
comn10n to the zones on either but also tax.a specific to area. The and last zone, 
m from was indistinguishable the "normal" benthic environment 

Brown et al, (1987) concluded that the effects of sahnon farming can be as severe as other forms of 
organic pollution but the extent of degradation is generally confined to a small area directly 
underneath and to the Frid and l\;lercer (1989) recommended sitting of sea-cages 
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An approach advocated by some resource u:.o.uu;t; ...... 

South .Australia, is to that the accumulation of"'"''"'""'<" 
'•C.U''-'·'''-' Y of 

the 

physical 
Such 
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Environmental monitoring strategies to measure the of sea-cage aquaculture been 
.suggested (eg. Frid and Mercer, 1986; Wildish et al., These the types of data required 
and the complexity of Frid and Mercer (1989) proposed that from monitoring of the 

, Gowen et that water cnerrnstry, '"d'~LUHvH• 
(in redox potentials) as biological monitoring undertaken, A 

very detailed monitoring program devised by \Vildish et al. (1990) proposed a broadly based 
sampling program dealing with water quality issues as as a benthlc sampling component. This 
included regular measurements of temperature. salinity, dissolved oxygen, ammonia, nitrogen, 
phosphates, biomass, chlorophyll a, adenosine triphosphate, phytoplarJcton, benthic 
ecology and redox 

Such a program, while comprehensive, is costly and difficult to coordinate. Simpler, more defined, 
survey methods may give much the same answers without high cost and logistic demands. 

(1993) investigated a of features including sed.Lznentation rates, 
water chemistry nutrient dispersion, and fauna. information, 
conjunction with research from aquaculture studies formed basis for "Port Lincoln 
Aquaculture Management Plan 1993". That plan places a strong emphasis on the need for 
environmental monitoring and more detailed research upon this system. 

research considered the ecology the vicinity of tuna cages, dissolved oxygen 
redox potential sediment 

2.2. Objectives 

aims of our research were to apply the methodologies through 
vu\.,•i;U\,, .. program (Cheshire et 1996) in to assess the extent of the ULJ.[J'-4,,. 

environments of Boston Bay. In summary our objectives were: 

1) To briefly summarise the literature with :respect to what is known about sea-cage farming, the 
effects t11is on the local environment, and the sorts of environmental monitoring that have 
been conducted. 

2) To assess the environmental impact tuna sea-cages on the epibenthic community, infauna! 
community and sediment chemistry. 
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3) formulate proposals for the management of envirrmmemal monitoring progrn!T's ctrld 
to sugges for 
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3. Methods 

tl. stE area 

has iWO 

bay experiencing current speeds which are 
thar 2 cm.2.-1 'Jay se2 ;rnne 

although the biota of the harbour locations suitable for sea-cages 1s probably influenced more by 
'-id=1 fl·· h;o;" '1''·.,. (P0 ·, ' • r' .,.. . P. d 199. 3\· ~·.· cu "ow t' ...• We,, .. ,, .,,trusn "c.,, m ,,/)fl , , 1 . 

,, 
A number of anthxopogenic influences other than the effects of tuna se,a-cages are experie,nced within 
the bay. The Billy Lights Point Engineering and sewage treatment plant inputs 
primary treated (as of 1994) effluent from the whole of the Lincoln township into t.11e bay. A few 

creeks run the bay a nrn.nber industries an terminal, fish factories 
,; an,<;l ll,11 abattoir also discharges waste. Tnere is some heavy shipping (for which there has been 

p,ssociated for the loading grain and from which a lot of dust is produced. 
Prawn fishermen have been known to regularly test t.li.eir trawling equipment the harbour. 

Figure 1. Map of Boston Bay, Pt Lincoln showing the cages and area where survey work was 
undertaken. 

19iResearch 
~Farm 

DResearch 
Farm Control 

Boston 
Bay 

Commercial 
Farm 2 Control D 

JI 
~~~~~~~~~·~~~~~~~~~~~-~0~:~ ·~~-~ 

Six locations were selected for the survey work, three of these were associated stocked cages 
and three were control sites. Sites were widely dispersed t.lrroughout the bay so that the variability 
within the study area could be considered (Fig. 1). The sites chosen were; 
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situated on 
in place 

et al.1996 PAGE l 

Commercial Fann 1 (CornFarml) ._,~,_,_,.~~ harbour. The exposure of 
this farm was considered to be inte1medlate to that of Experimental CommercirJ 2 

Cages wer'.: a..11d withcm.ren 

channel between the sea 
offshore; P.e:rusivics 
and regularly, 

Control Sites - all control sites were located so that experienced roughly the same degree of 
exposure to water movement as associated sites the same being a 
considerable (1-2 any farming activity. not always possible, and 

Bay locations with higher water movement than cage transects (Fig. 
1). 

3.2. 

full details nature resolution of recorded following studies refer to 
Cheshire et al. (1996). 

32.1. Field work 

work at Lincoln was 

August 1994 (winter) 

October 1994 (winter) 

February 1995 (summer) 

out in 

Diver transects and photorespirometer deployments. 

Video transects, remote suction samples and photorespirometer 
deployments. 

Video transects, remote suction samples and photorespirometer 
deployments. 

trips was to enable a comparison system v1inter (August-
the summer (Febmary 1995)" These trips coincide with stocking 

feed inputs (winter) and lowest (summer) when the cages are virtually destocked. 
be recognised however, that because there is no replication of winter and summer seasons general 
conclusions about summer vs. winter are not valid. Instead, we will refer to differences in the 
con.text of "the winter" and "the summer'' and 'Nhere possible indicate where such differences may in 

be attributable to general seasonal effects or stage stocking differences as opposed to simple 
through Such are likely to further confounded by seasonal timing 

sampling as well as the varying residency times for the tuna cages at each location. Throughout both 
the winter and the summer surveys, the same cages were examined and controls were collected from 
sites distant from the cages. Control transects were always run in the same direction as the cage 
tra11sects to ensure the influence of incidental environmental gradients than cage 



cases. at 

of transects were run in a Transects 
were run from the the cages a distance 1.50 m. Stops of 30 to seconds were made 
at 0, 2, 10, 20, 40, 60, 80, 100, 120, 140 and 150 musing 2 m markings on the rope as a measure of 
distance. Control transects (three controls in 1994, six in 1995) were run in a similar manner. 

3.2.4. Infauna surveys 

fa October 1994 samples were collected from six transects comprising 3 cage transects and 3 
controls. On each cage transect samples were collected at distances of 0, 2, 20, 100 and 200 m from 
the edge of the cages. For control transects samples were collected at distances of 0, 2, 20, 100 and 
200 m from the beginning of the transect. In February 1995 a further six transects were run (3 
control and 3 cage) but only the first two distances for each transect (0 and 2 m) were sorted due to 
the excessive time required to sort the samples and the need to complete the study by its due date. 

3.2.5. Sediment chemistry 

Redox potentials CEn) were measured in situ under a recently destocked tuna cage (ExperFarm). 
This approach was used rather than the standard coring method where compaction and other 
physico-chemical changes experienced by the samples (as they are transferred to the surface) can 
cause changes in the fa measurement 

Five groups of l m2 quadrats were selected with three measurements taken per quad.rat Following 
these initial measurements, quadrats in each group were selected for, harrowing, bacterial application 
or control. Harrowing was achieved with a garden rake (used once) while the bacteria was a 
commercial gram positive DMS-1000 Series (or "Sludge Doctor®") supplied by Admac Agencies 
that was applied weekly in 1 kg bags over a four week period. Two red.ox measurements per 
quadrat were taken following this treatment. 

In addition to the measurement of sediment E11 the release of gasses from the sediment was also 
assessed. The formation of hydrogen sulphide (H2S) is quantitatively the most important of these 
gasses but the possible formation of CRi is also important Upturned funnels on stilts driven into 
the sediment under the cage were used to collect any gasses that might form. 
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Data 

arnlfna.cl:1 requires a exhaustive ..il" .... '"'~"'""'"""'".!; 
documented (Agard et al., 1993). 

Diver collected epi~nthic data,. video epibenthic data and infatm~. data were all considered in the 
with few for were from the 
Data from during the were using a 

Analysis of Variance (ANOVA) (location and distance). Where the ANOV A identified differences 
·Jbetween samples these were assessed post-hoc using Tukey's HSD test to indicate where significant 
differences occurred 

Cornparisons winter using a (location, 
season). infauna 2 distances (0 and 2 both cage control transects) 

were considered because sorting of the summer samples was not completed due to logistic 
constraints. No diver epibenthic data were collected during the summer sampling period. 

were also analysed using multivariate Semi-Strong Hybrid Non-Metric 
Multi-Dimensional Scaling This approach enables plots 2 3 dimensions), to 
be created from a multi-dimensional (in the context of this study - multi-tax.a) data set. An 
ordination into 2 or 3 dimensions enables an easier visualisation of the relationship between samples 
but the faithfulness of the ordination, in terms of its capacity to truly represent relationships between 
samples, is a of the associated stress Stress is measure of the extent to which 
ordination of inter-sample distances, in the dimensional reflects nmlti-variate 
association value the samples. high stress indicates little faith can placed 
interpretations of relationships between samples. In this report only ordinations with a stress less 
than 0.2 have been reported. Such ordinations will provide a reasonable interpretation of the 
relationships between samples in the data set 

Sediment chemistry 

A one-way Analysis of Variance (ANOV A) was performed to examine differences in redox values 
between treatments for the change between the mean final and mean initial Et. readings. In addition, a 

plot ANOV A. was performed examine relationship between treatments and time. 
were detected and therefore no analysis these data was possible. 
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Resu 

Benthk communities 

winter' 

the 
associated 

et al. .. were identified 

1) 

dist.anc;~·~~ outwards. 
included intermediate and holothuriar:c;; (Fig. 2) elevated 
sea urchins (Fig. the macro benthos. Inf aunal communities this zone were 
characterised by elevated numbers anthozoans, brachyurans (crabs), gastropods, nebalids 
and polychaetes (Fig. 3). Further, there was a significant reduction in the number of sluimps 
in this relative distant or the transects. and 
macro-algae (Phaeophyta Rhodophyta) are also in this zone 2; Fig. 

2) second zone extended from 5 to m from the cage and was characterised by intermediate 
levels of organic detritus. The biota in this region typically comprised moderate numbers of 
ascidians holothurians (Fig. 2) but a reduced of sea relative 

2). taxa that were in large cage (see above) 
were all less abundant (anthozoans, brachyurans, nebalids and polychaetes were 
significantly lower, Appendix 1; Fig. 3) whilst the numbers of decapods (shrimps) increased 
significantly (Appendix 1; Fig. 3). 

The third zone extended 20 to 150 m from the cage. This zone was largely 
indistinguishable from 200 m region on the cage transects or the areas which \Vere 
at least 1 km distant from any cages. In this area there was little superficial evidence of 
organic detritus associated with the sea-cages. There was however, clear evidence that this 
region was affected by increased organic loadings; the number of ascidians and holothurians 
in the epibenthos reached maximal levels between 50 150 m from cage (Fig. 
greater distances the of these organisms dropped significantly (Appendix 
urchins were virtually from this (Fig. 2) most infauna! taxa tended 
background levels (eg amphipods and polychaetes; Fig. 3). 

4) The final zone comprised the area from the 200 m mark on the cage transects and the entirety 
of the transects. 
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elevated numbers of bivalves 
region fouling community and that did not 

were dislodged and accumulated on the where presumably 
orgamc this zone. 

second zone experienced nigh levels organic However, region 
organic material comprised small particles typically faeces or paniculate remains of non-ingested 

·food. Sedimentation rates this region were high and there was a build of material which was 
still sufficient to smother non-mobile organisms which could not prevent themselves being 

As numbers holothwians, 
polychaetes in and was. significantly 
reduced relative to the inner zone. 

The third zone showed evidence of accumulated organic material. biota in this region did, 
however, indicate that elevated organic inputs vlere experiencecL The rise in number of 
was indicative elevated of particulate organic mate1ial (Fig. 2 This zone wits 
characteristically different from areas more from the Numbers ascidians reached an 
intermediate maxima in this region which suggested that sedimentation rates were too high close to 
the cage to support large populations whereas the availability of organic particles for food was 
reduced at more distant locations. Similar arguments may be proposed to explain the ch~ges in the 
abundance of holothurians which reached intermediate maxima in this zone. 

Locations more distant from the cages (greater thaI1 150 m) were typical of soft bottomed 
communities in this region. There was a wide diversity of tax.a, although few taxa were found in any 
great abundance (relative to abundances found close to the cages). Significantly, holothurians and 
sea urchins were either absent or had very low abundances. one tax.a, mysid shrimps, was 

almost exclusively in this while were not closer to the (Fig. 3). 

Overall, these zones were more or less distinct depending upon which survey method was used to 
sample the system. Diver epibenthic surveys provided data which clearly differentiated these zones. 
Samples collected between 0 and 5 m from the cage were seen to be quite different from those 
collected in the 10 to 20 m zone 5). Whereas there were :differences between the commercial 

and the experimental farm, was still evidence existence at least three 
zones. The Video surveys provided less clear results (Fig. 6). Overall, there was evidence to suggest 
that the 0 to 2 m zone differed from the remaining area of the cage transect. This was not, however, 
as clear cut as the results from the diver surveys. In general, the reduction in the number of tax.a 

could be identified using Video meant that technique was less able to 
distinguish changes in community structure. surveys dearly differentiated the 0 to 2 m 
zone (Fig. 7). was however, no evidence infaunal for the of the 
remaining areas into separate zones even though there was some evidence of the impact gradient in 
both epibenthic surveys (Fig. 5 and 6). 
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They suggested that suspension 

maximal numbers at intermediate distances from 
wou!d to in 

cages. Caution is required taking this interpretation to far; there are likely to 
range of fet"£ing witlrin each of th~ taxonol!"jc th'lt we identified. Polychaetes, 
example, exhibit a wide Aa.a'lge of feeding sU:ategies, that &c closely correlated with the lifestyles of 
each group. fo such a diverse class of orgimism~ it is difficult to make genernJisatioos about feeding 
modes. 

A 
gradient sites can observed with samples close to cages (0-5 forming a group in the upper 
right corner the plot. Interrnediate distances m 20· 150 and (>~"' 200 
occur along a roughly diagonal gradient from the upper right to lower left 
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There ar; 

is important to note however, 
interaction tenns which indicate 

responses are not simple. 

""'"""""'"~"' are not consistent 
Poiychaetes, for example (Fig 

are generally significant 
across locations (cages) or 

distance from the a different trend for 
cor1s10.erea. On 

·"'·'"''""'-"'i::;, period 
pattern of decreasir.g 

surnmer (1995). Whilst pattern is the ssrne 
~cu.~ •• ,,.~.,., periods. Nebalids, 

cf 
'""'ge) cvO. • 

from the cage) during 
show a more consistent pattern (Fig. 8) with an , . . be l ., ~ rooucuon m num rs c ose to u1e cage trom 

winter (1994) to the summer 

the Video data there were no consistent patterns of change summer and the 
In many cases (e.g. - Table 1) distributions were variable both between 

sampling periods (time of year) and across sites. In the case of and algae there was a 
predominant with few algae being the cages (within was not 
unexpected shading effects of the higher sedimentation rates. 
distances or may not have been did not illustrate 

or time of year (Table interpretations are 
distances showing different through time. 

Table 1 Three Way Analysis of Variance of the natural log transformed data for abundance of 
Rhodophyta found on video transects. Year represents 1994/1995, Cage (ComFarml, ComFann2, 
ExperFann), Distance (0 - 150 m, 1000 - 1150 m). 

Source N~arm DF ~Sum of Squares F Ratio 
Year l l l 0.5063 
Location 2 2 0.7594 
Distance 21 21 2.6880 3 
Y ear*Location 2 2 0.536422 0.5063 0.6052 
Y ear*Distance 21 36.734662 3.3020 0.0001 
Location*Distance 42 42 50.088351 2.2512 0.0017 
Year*Location*Distance 42 42 84.004266 3.7755 0.0000 

Whether differences (in infaunaJ~ communities) are in 
changes summer and winter or whether reflect changes over a 6 
cannot be from these data. In over time may 
responses to factors such as light, temperature. These 
variously variety of processes ff'..A';rlJitment and growth. 
differences may simply be associated with the increased period for which the cages have been in any 
given location. More detailed studies are required that include replication over a number of years 
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4.1.3. Differences between cages (importance of rotamm strategies) 

A significant result from this study is the difference in the communities associated with the 3 cages 
studied. As indicated above the 3 cage locations represent different environments and have been 
managed differently through time. The Experimental Fann (ExperFarm) is situated on the north 



longest 

A greater of to 
definitively conclude differences are "'"'"'"""'""' 
however, to recognise that the differences with 
consistent what is known about their management history. Importantly, 

'that good regular movement) will result in lower seafloor souring 
which should have consequential benefits in terms of both environmental management farm 
production. 

4.2. Photorespirometry 

A number problems were encountered in the course of the photorespirometry study. Firstly the 
deployment depth (16 - 18 m) caused many of the electrodes to fail. Secondly the stirrer units were 
prone to becoming clogged with strands of filamentous algae~ Ulva sp. or other drift This reduced 
the effectiveness of the stirrers and the accuracy of the electrodes. Finally the calibration for the 
electrodes was conducted at the depth of the deepest electrode which meant that, once mounted at 
the correct depth, most electrodes were slightly off the correct calibration. 

In February a system was developed which prevented the stirrers from clogging and allowed for 
correct calibration at the right depth. Electrode failure continued to be a problem. 

Further preliminary work provided the basis for a more detailed study of the sources and sinks for 
oxygen in nma cages. This work has since been published separately (see Honours Thesis - E. 
Cronin, Department of Botany, Adelaide University, 1995). 

4.3. Sediment chemistry 

4.3.1. Redox 

The E11 levels measured in situ generally appeared to be very low indicating highly anaerobic 
conditions (Table 2). Variation between some quadrats was high but variation between repeated En 
measurements within quadrats was low, and only 2 repeated readings per quadrat were taken (Table 
2). The E11 readings for core samples were not significantly different to in situ values (P>0.05). E11 
levels became more positive for all treatments over the 4 week period ending on November 9 1994 
with the largest increases seen in the bacteria treatments, then harrowing and control (Fig. 9). 
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Table 2 Redox (Eb) levels for the 3 treatments of control, bacterial application, and harrowing at 
0 and 4 (mean± SD). 

-
Treatment lil ~2uadrat 1 Quadrat 2 Quadrat 3 Quadrat 4 Quadrat 5 
Control 0 3 -387 ± 8 -382 ± 1 -390 ± 4 -428 ±6 -447 ± 18 
Cont:rol 4 2 -391±5 -365 ± 21 -365 ± 13 -410 ± 35 -417 ± 3 
Bacteria 0 3 -401±18 -386 ± 4 -410 ± 3 -370 ± 6 -408 ± 4 
Bacteria 4 2 -349 ± -376 ± 10 ± 18 -340 -321 ± 
HarrowO 3 -350 ± 4 -387 ± 3 -394 2 -389 4 -409 ± 3 
Harrow 4 2 -390 ± 24 -376 ± 5 -394 ± 16 -353 ± 8 -350 ± 20 

There were no significant differences between treatments for the change in mean redox values 
(P>0.05), there were some differences between within especially 

1 and 2 when compared with quadrats and 5 The were therefore 
clustered into these 2 groups and tile ANOV A repeated. This gave a significant dll'Ierence between 
bacteria (F=S.01, P=0.05) and the other 2 treatments of control and harrow. 

The results from L;_is study shO'iNed that Eh under a tuna cage varied considerably without 
noticeable differences in the appearance of sediments. variation was experience.Ai 
between Eh taken from cores at the and in readings. however, the nature the 
sediments was such that they were well retained in the cores. A less dense substrate could affect the 
integrity of the core and cause some mixing within the corer. 
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that u~'-'-'"'-''"''' 
a treatment 

,-,~"''"'-~''"'"' in E" over the 'The additiou bacterial "+'ii-'""-''"·""-£"'••<> 

'sludge doctor®', has aquaculture regular applications may 
maintain Sr'Aliment health. Harrowing, of sediment re£:-0very but 
advisable whl":n fish are present as toxic gas~s aoo ,J_, ... ~ ... -· microorganisms may 

i\;M}fl.ied this study 1.vere lower than pre·viously documeI1red for other :a:rwine 
cage (Brown et 1987; Gowen et al., 1991; Harg,111ve et al., This was unexpected 
but may explain why no gasses could liberated from sediments 4.3.2). It generally 

observed degassing cages is with surface 
sediment su1face Eu mV; the 

potential. 

-The management plan tuna farming Boston Bay advocates that fanners maintain two thirds of 
their destocked at times and rotate their cages every 2 years, eventually returning to the 
odginal sites a preventc:.tive strategy as rates of not 

documented for Underwater measurement sediment potentials 
concert with m;;asurement of the rate of sediment degassing an.d gas composition, offer potential as 
rapid methods for assessing sediment status under tuna cages. These methods could provide tuna 
farmers the basis to make more accurate management decisions concerning cage movement 

leases, fallowing 

M ethano genesis 

Despite repeated attempts to liberate gasses from sediments under a number of tuna cages, no 
bubbles were found. 
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tuna and fauna 
immediate of the tuna cages. There 

20 metres around each with a lesser u..uµa .. ~L 

~"'"····,··Pf of 200 r:: 

l.:;een shown be severe 
asignificanteffectupto 

'"'"·1·k"''" 100 to the 
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general, are oonsisrent with those describF..Ai iI1. the Fort LL11coln Aquaculture 1v!.anagement Plan 
(Bond, and for the management strategies were tailored. 

immed1ate v1cinity of 
up of detritus 

cages (20 - rn) the rate 
elevated populations some taxa of 

.feeding rate of the fauna the respiration rate of the microbial populations is sufficient to prevent 
the build-up of detrital material. 

""'"'''·"'''"" contribute elevated loads tuna farming 
activities. the immediate vicinity of cages non-ingested contributes to the build-up 
detritus. extent to which these factors contribute to self pollution these farms relates by 
and large to the effective management of farm. Over feeding. resulting in high wastage, will 
contribute to the rapid accumulation of organic vv·aste. 

region immediately adjacent to the cages - 5 m), is also impacted by disturbar1ce 
the predator nets which tend to scrape around on the substrate due to slack in the moorings. 
Further, if nets are allowed to develop heavy fouling communities this will result in greater amounts 
of dislodged material building up around the cages. 

build-up detiital material the 5 to 20 zone can be to both rapid sedimentation 
larger particles non-ingested food) as as accumulation smaller which are 

derived from feeding tuna. When feeding, tuna may lose a considerable amount of food in the form 
of fine particulate matter which escapes through their gill slits. The second major source of organic 
material to this zone comes from faecal material vented by the tuna, In both cases these finer 
particulates can distributed from the and will be the primary source nutrition 
~~··~···~ hete:rotrophs which characterise the up to 150 m the cage. 

The magnitude of impacts will depend largely upon the stocking density of the cage and the nature of 
the food. It is likely that feeds which break up when taken by the tuna will contribute significantly to 
detrital loads surrounding environments" Fwther, digestibility will affect carbon content of 

material Stocking rates choices of will influence the level of organic detritus 
immediate vicinity the cages are also to the COilhile:rdal viability farm. 
therefore a complex interplay between the choice of feeds and stocking densities and the implications 
these have on detrital levels (and the associated biochemical oxygen demand. methanogenesis, and 
hydrogen sulphide production) and the level of disease or mortality in the cages. 

is important to recognise that Boston Bay has a number of uses ott'1er than uma farming. 
has been used as a testing ground for prawn trawling equipment, contains a grain bulk and fertiliser 
loading facility, is a popular recreational diving and fishing base and is the receiving body for the 
sewage discharge from Port Lincoln and a number of industries. Accordingly, the management 
strategies for harbour need to recognise the multiple uses/impacts (Bond 
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current nature disturbance :remams 
of research/monii:ming. A variety of questions re:::rmin <mexamined. Ivfostly 
rr.-eovery of benthic com.-nunities following destoc.king and shifting 
and of s:ubstrate is unknovm C?'.1 be ._._,,,,,,,,.,,""'"'·"'""" 

:·;easure:nenn. 
sediment Eh. Results of this experiment were however, ineonclusive, ::u1d 

is broad scope further of this approach. 

Community studies which combine surveys of both the epibenthlc .:.;.;.d infaunal wmmunitles aave 
been shown to illustrate effect tuna cages but none of approaches is suitable isolation. 
H1,JUL•'c'h,,U"!", T>n',.UT'S>,>Y'c"' should a these 

that costs stm:li.e.:;, 
makes them expensive the degree of technical expertise required to analyse and interpret the data 
will make them difficult to apply a routine manner. We would still maintain that studies of the 
community responses are more effective physico-chemical because measure 
, the impact upon tt1e ecosystem. Whereas measurement of a subset of physico-cbemical parameters is 
useful this cannot replace direct measurements of the biota. Infauna and epibenthic studies need not 
be as as approach described these provided the restrictions data 
are fully recognised more modest program be insijtuted monitoring 
program could then be used ,as a basis for adaptively managing the tuna farming industry. 

Use of remote grab, a less expensive method data collection terms of time, 
however the cost of sorting infauna samples is resllictive. Alternative methods for sorting this 
material, can be pursued such as the use of graded sieves anchubsampling. Selection of a few 
significant taxa also simplify and speed up sorting process. 

The video survey method was less expensive terms field but did provide sufficient 
resolution and its use as a monitoring tool is marginal in current format. This techniq~e does 
however, provide the greatest scope for modification and improvement. If developed further this 
method is likely to be of significant importance in rrAiucing the cost of the biological monitoring 
programs, 

In this analysis we have used video images at set distances to obtain our dataset; this approach fails 
to make use of data resource. An approach that collects data from the transect in snips, 
called Line Intercept Transecting (LIT; see English et al., 1994), be worth exploring as it 
would provide a more complete picture of the change with distance from the cages, This method 
would require an accurate measurement of the distance that the sled covers (to nearest 5 cm or 
better) would need to incorporate different ways mounting the carnem, 
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study rotation strategies on souring 

undertaken to assess th"! of differences in fl'!nn 
sourint · ecovery . 

.I. 11e that cages are rnoved needs tc, be considered in .:uore using a 1eplicateti study 
which compares degree souring as function of residence time cages at a location. 
This to be done a given of the Bay to prevent results being confounded by gross 
c111tert:~nc1~s """rn1,c~p.,·, loc(\tions Boston (e.g. Bay). Such 

contributf; significantly providing about sitting) 

1J1etfl,ods for 
monitoring 

Refinement of video 

video surveys should be 

techniques 

use as a 

Video surveys are clear I y an ideal technique for a variety of reasons; lack of a need for diving, 
easy storage of data, visual effects are easily communicated and it is least expensive approach to 

ongoing monitoring of the Currently approach limited by 
taxonomic it provides the inability accurately distance the transect 

two factors should be addressed through detailed development program order to 
assess the utility of this tool. If, for example, a resolution comparable to diver surveys can be 
achieved this would provide a very powerful tool for use within this and related industries. 

6.3. investigations of the use of harrowing bacterial applications 

Further studies should be undertaken to investigate the use of bacterial applications and harrowing 
on maintaining the health or accelerating the recovery of sediments under sea-cages. 

applications and harrowing may be in maintaining the health the seafloor 
association cages (and consequently in mortality fish) and in accelerating the 
recovery of sediments during fallowing. The utility of these approaches to be considered 
in a more detailed investigation which incorporates both physical measurements of red.ox (as in this 
report) with investigations of changes in infauna! communities. 

6.4. Taxonomic resolution of infamiial data sets 

The relative benefit of using an increased to.xonomic resolution vs. decreased sampling in.tensity in 
infauna! studies should be undertaken order to evaluate alternative sampling strategies for this 
system. 

Infauna! studies potentially provide very powerful tool for investigating the of impact on 
ecosystem. The extent to which this potential is realised relates to two problems; the cost of sorting 
the samples and the taxonomic resolution of the data. The methodology should be further developed 
to enable a more complete understanding of the extent to which taxonomic resolution improves the 

and the eost~-benefit of approach to other 
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~rcsing appropriate 

recovery 

r:curing and its "''"'""'""'"" 
a knowledge of physical environment summer and winter affect 

processes. Importantly,, ~·m·~~,_,,.,,,, summer to winter in temperature, light 
oxygen holding capacity 

respiration rate vs. oxygen 
understood to evaluate the ,,.,-,,,.,,,,.n, 

These factors in nun the biota ( eg changes 
and the outcome of needs to be 

different management the cunent study 
is limited in that it does contain any 
limited 

BACI designs 

Future use a Before and frnpact design to clearly 
associated with tuna sea 

The current study is limited in its capacity to identify impacts from tuna farming because there is no 
adequate data from before of farms against which w our results. The 
results do illustrate clear gradient responses from the edge of cages to more distant locations. Given 
that these responses are consistent with what elsewhere in studies 
orgamc the changes are not 
conclude identified are reaL It 
is initiated 
must be 

development has begun. 
reference to this limitation., 

6.7. Use of bay-level controls 

the case that environmental monitoring 
~~--L~•,0 the conclusions 

Future studies should address the issue of controls for Bay-level responses. 

The current study uses control transects which are located within Boston Bay and therefore does not 
allow us to impacts which occur at the entire Bay. Our conclusions that 
such impacts not occur and that sites dista.'lt fa.1."111S (>l,000 m) are 

been tested Until such issue has been resolved 
their spatial extent 

complicated choice of bay-level is problematical. Few 
region are any way comparable with Boston Bay and therefore may not be suitable to use as 
controls. This issue should however be investigated further with appropriate studies of benthic 
communities in nearby coastal locations. 
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0.03179966 
0.21711720 
0.48119774 

Sum of Sguares 
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0.0007 

4.3465 

F Ratio Prob>F 
6.2480 0.0028 
29.4142 0.0000 
3.8181 0.0000 
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1.5868 0.2100 
2.3106 0.0215 
2.6457 0.0012 

F Ratio Prob>F 
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18 2.7608537 0.7681 0.7312 
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18 25.412006 2.6757 
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Source 
----"-·-· 

Location 
Distance 
Location *Distance 

Response: Osteichthyes 

Source 
Location 
Distance 
Location*Distance 

Response: 

Source 
Location 
Distance 

Ostracoda 

Location *Distance 

2 2 
9 9 
18 18 

-
Nparm DF 
2 2 
9 9 
18 18 

Nparm DF 
2 2 
9 9 
18 18 

Nparm DF 
2 2 
9 9 
18 18 

Nparm DF 
2 2 
9 9 
18 18 

Sum of Squares F Ratio 
6.1507163 24.9327 
3.1613411 2.8477 
7.6586384 3.4495 

Sum of Sguares F Ratio 
0.6644721 1.63 
1.2434766 0.6787 
3.3813628 0.9227 

Sum of Squ21res F Ratio 
0.0337 
l.5194 
1.1410 

Sum of Squares F Ratio 
6.7030 
1.7156 
2.9783 

Prob>F 
0.0000 
0.0052 
0.0000 

Prob:>F 
0.2010 
0.7264 
0.5537 

0.0003 
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OF SEA-CAGES 

Rc:sponse: Paguridae 

Location 2 
Distance 9 
Location*Distance 18 

, ... _,,, ___ "_~--~~--

Response: Polychaeta 

Source N~arm 
"1 
£,_,-

9 
Location*Distance 

Response: Polyplacophora 

Location 
Distance 
Location *Distance 

2 
9 
18 ---

Response: Porifera 

Source 
Location 
Distance 
Location*Distance 

Response: 

Source 
Location 
Distance 

Talitridae 

Location *Distance 

Nparm 
2 
9 
18 

Np arm 
2 
9 
18 

DF 
"" L, 

9 
1 

DF 
2 
9 
18 

DF 
2 
9 
18 

DF 
2 
9 
18 

DF 
2 
9 
18 

et al. 1996 

,-"c<-,~,~-~~ ,----~·--~--'°" -.,, _, 

0.1744224 
0.7038768 
1.8011 

Sum of _§guares 

0.06732664 
0.52466877 
0.44537081 

Sum of Squares 
12261709 

132 
21.180374 

Sum of Squares 
0.01915023 
0.08706009 
0.18054864 

Ratio 
2.4258 
2. 

F Ratio 
3A656 

3.1515 
5273 

l.2101 
2.0955 
0.8894 

FRatio 
8.6669 
1.6582 
1.6634 

F Ratio 
0.9943 
1.0045 
1.0416 

~~~~~~~~-~~~~~~--~~~~ 

Response: 

Source 
Location 
Distance 

Tanaidacea 

Location *Distance 

Nparm 
"" L 

9 
18 

DF Sum of Squares F Ratio 
2 .762124 85927 
9 754083 1.9075 
18 12.549311 L5436 

0.0939 
0.0305 
0.0007 

Prob>F 

0.0977 

0.3028 
0.0374 
0.5922 

Prob>F 

0.3738 
0.4421 
0.4229 

0.0004 

0.0923 





10. 2-
summer and the winter 

Response -

Location 2 2 
Dista.'1r:.e 3 3 

Time*Location 2 2 
Location*Distance 6 6 

et 

of 

log abuI1dance of infauna between cages, with 
time ·· J94 vs .. ;;arnmer -

38.524956 
5.463772 
5.993004 

.027315 

17.3799 
13.4341 

OA647 
3. i 348 0.0506 
7.1534 0.0000 

Time*Distance 7.223585 190 0 . .0663 
---·~--"·~--~"----~-~-~~-·--~---·----~--·---,.--1'"~----.~~-~-~~-~~~---q--~-~-,-~--~-~"-~·--· '"' 

Response Anthozoa. 

--· -~~~~--· __ ,_ 
_,~----· -·~-----~~~ 

Source N2arm DF Sum of Squares F Ratio Prob>F 
Time 1 1 44.508263 49.1001 0.0000 
Location 2 0.809294 OA464 0.6420 
Distance 3 3 71.674361 26.3563 0.0000 
Time*Location 2 2 6.012204 . 3.3162 0.0429 
Time*Distance 3 3 44.428856 163375 0.0000 
Location *Distance 6 6 24.316777 4.4709 0.0008 
Time*Location *Distance 6 6 10.847998 1.9945 0.0802 

Response -· Bivalvia .. 

Source N2arm DF Sum of Squares F Ratio Prob>F 
Tune 1 1 28.509902 43.2325 0.0000 
Location 2 2 2.847060 1586 1242 
Distance 3 3 17.317425 8.7534 0.0001 
Time*Location 2 2 3.990553 3.0256 0.0559 
Time*Distance 3 3 6.407152 3.2386 0.0281 
Location *Distance r 6 40.394548 10.2091 0.0000 0 

Time*Location *Distance 6 6 6.460067 1.6327 0.1535 



OF SEA-C,t1,_GES 

Resoonse ·· Brnchyura. 

Time 
Location 
Distance 

.Location *Dismnce 
Time*Location*Distance 

2 
3 
,.._ 
.l-

"':: -
6 
6 

3 
6 
6 

~~~~~~~~-

Source Nparm DF 
TlIIle 1 l 
Location 2 2 

3 3 
Tir:ne*Location 2 2 
Time*Distance 3 3 
Location *Distance 6 6 
Time*Location *Distance 6 6 

Response - Decapoda. 

Source Nparm DF 
Time 1 1 
Location 2 2 
Distance 3 3 
Time*Location 2 2 
Time*Distance 3 3 
Location *Distance 6 6 
Time*Location *Distance 6 6 

Response - Echinoidea. 

Source Nparm DF 
1 1 

Location 2 2 
Distance 3 3 
Time*Location 2 2 
Time*Distance 3 3 
Location *Distance 6 6 
Time*Location *Distance 6 6 

et al. 1996 PAGE 

5.4810629 
2.06182 
3.6102258 

/3090 
S.4499 
3.1309 

0.7845911 03665 0.8973 

~,_,~--~-=~~,,~~,~ ~-=·-·-'"'" __ , .. __ ~ 

Sum of Sg_uares F Ratio Prob>F 
21.407274 42.0460 0.0000 
8.774169 8.6167 0.0005 

l.9289 0.0000 
6.7061 0.0023 

16.861798 11.0394 0.0000 
9.182779 3.0060 0.0122 
10.274875 33635 0.0063 

Sum of Squares F Ratio Prob>F 
6.002811 . 16.3002 0.0002 

.652797 2.2440 1147 
73231 11.2901 0.0000 

1.651279 2.2420 0.1149 
1.887596 1.7085 0.1746 
8.614942 3.8989 0.0023 
2.373235 .0741 03880 ... 

Sum of Sguares F Ratio Prob>F 
18. 59895 33.6887 0.0000 
8. 180 8.1506 0.0007 
6.106319 3.7760 0.0149 
1.901708 1.7639 0.1800 
32383847 20.0253 0.0000 
2L089861 6.5207 0.0000 
22.352063 6.9109 



-sopoda. 

Distance 
Time*Locll'tbn 

2 
? 
J 

2 
Time*Distance 3 
Locari.on*Distance 6 
Time*Location*Distance 6 

Response ·· Mysidacea. 

2 
3 
2 
3 
6 
6 

L295732 
3.783652 
4.867207 

" 1 L ..•.. 

15.0805 0.0000 

0:~742 
1.4224 
1.8297 

l 
0.4108 
0.7208 
0.1081 

_§our~e-. -······~-··--· __ _liparm ____ _§_~m o(_Squ!res .. F Ratio Prob>F 
,,,_~--··=-~~~--... "~--

.Time 1 1 6.003028 26.6384 0.0000 
Location 2 2 3.203833 1085 0.0017 
Distance 3 3 11.540842 17 .0708 0.0000 
Time* Location 2 2 1.449289 3.2156 0.0470 

3 3 5.878324 8.6950 0.0001 
Location*Distance 6 6 4.807491 3.5555 0.0044 
Time*Location*Distance 6 6 3.472435 2.5681 0.0277 

Response - Nebaliidae. 

···-----·· 
Source NEarm DF Sum of Sguares F Ratio Prob>F 
Time 1 1 11.961868 21.1253 0.0000 
Location 2 2 10.086739 8.9069 0.0004 
Distance 3 3 23. 25803 13 .. 6138 0.0000 
Time*Location 2 2 4.338151 3.8307 0.0271 
Time *Distance 3 3 26.216721 15.4334 0.0000 
Location*Distance 6 6 19.642563 5.7816 0.0001 
Time*Locarion*Distance 6 6 18.696267 5.5031 0.0001 .. .. ·-----· 

Response - Opistobranchia. 

Source N~arm DF Sum of Sguares FRatio Prob>F 
Time 1 1 4.1308782 11.1677 0.0014 
Location 2 2 2.0780703 2.8090 0.0681 
Distance 3 3 1.1211931 1.0104 0.3944 
Time*Location 2 2 1.2731719 1.7210 0.1875 
Time*Distance 3 3 1.0283508 0.9267 0.4334 
Location *Distance 6 6 2.5634677 1.1550 0.3422 
Time *Location *Distance 6 6 3.0891201 1.3919 0.2324 -----·,-·- ·----· 



THE SEA-CAGES Cheshire al. 1996 

Response - Ostracoda. 

Source Noarm Proi.»F 
----,----·-----~·~ ________ ...._ __________ _ 

Ti;Tle l Ct0003 
L.ocation 2 0.0002 
Distan.c~ 3 

2 
Time*Distance 
L0catior1 *Distance 6 
Time*LG-carion*Dist.ance 6 

00122 
0.0007 
0.7856 

~-"o' _____ 

""~--··-~=·~~--~-----.... ---~-·---··"·'~"--·------·-~~--"-~· --~~--· ---,.,.,,,,-·~-~~--~,,-~~-~~ 
N[!C1fID DF. Sum "uf ~qK;'ares F Ratio Prob>F' 

·Tune 1 1 0.045904 0.0475 0.8281 
2 2.166760 L 221 03322 

Distance 3 3 13.265642 4.5799 0.0059 
2 22.444970 1 .6235 0.0001 

Time*Distance 3 3 31.781683 10.9725 0.0000 
Location *Distance 6 27.654737 4.7738 0.0005 
Time*Location *Distance 6 6 8.901724 1.5366 0.1815 

Response - Polyplacophora. 

Source Nparm DF Sum of Squares F Ratio Prob>F --------·----· 
Tune 1 1 0.37743876 7.7731 0.0071 
Location 2 2 0.18729620 1.9286 0.1541 
Distance 3 3 0.59573852 4.0896 0.0104 
Time*Location 2 2 0.18729620 1.9286 0.1541 
Time*Distance 3 3 0.59573852 4.0896 0.0104 
Location *Distance 6 6 0.61041448 2.0952 0.0667 
Time*Location*Distance 6 6 0.61041448 2.0952 0.0667 
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