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Minimum Hardware / Software Requirements for SEAbase CD
Hardware
To use the CD that accompanies this manual, the user will need a computer with the following
features:

e |BM compatable computer with 300 MHz processor

e CD_ROM drive
OR the Macintosh equivalent
Software
Users will also need the following software/plug-ins installed on their computer:

e Microsoft Access, Word and Excel 2000 or later, to open and use the database,

worksheets and forms.

e Windows Media Player (or equivalent) to open and play the demonstration video.
(Incorrect versions of these applications could result in information being shown in an unreadable
form, or not shown at all).
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Guide to the assessment of sediment condition

1 Introduction

This guide has been developed to enable farmers to readily incorporate the findings of CRC project
4.1 (The development of novel methods for the assessment of sediment condition and
determination of management protocols for sustainable finfish cage aquaculture operations) into
their farm management protocols. This project had 2 main objectives; to develop a training package
(field guide and multimedia cd) for the aquaculture industry to simply explain the techniques
proposed in CRC project 4.1, and to conduct a series of workshops to instruct farm personnel in the
field sampling requirements, analysis and interpretation of the techniques recommended in CRC
project 4.1. This guide summarises the rationale behind the original project, explains the project
findings and includes detailed descriptions of the recommended techniques.

1.1 Background To Original Study

This study was undertaken at the instigation and with the collaboration of the Tasmanian Salmonid
Aguaculture industry, the Department of Primary Industry, Water and Environment (DPIWE) and the
Fisheries Research and Development Corporation (FRDC). The salmonid aquaculture industry
recognised that to be economically sustainable it needed to be environmentally sustainable, and
that to do this it needed to have a clearer understanding of the relationship between farming
practices and environmental conditions. It is well recognised that one of the most significant impacts
from caged fish farming is organic enrichment of the sediments (lwama, 1991, Black et al., 2001).
What was less clearly understood was the effect that differing farming practices, such as rotational
farming/fallowing, had on the level of impact or the effect that different background environmental
conditions may have on overall impact. Consequently, this project was initiated to assess the rate of
recovery associated with fallowing practices, to determine if current farming practices were
sustainable and to develop novel approaches for farm based monitoring of environmental condition.

1.2 Previous Research on Sediment Recovery

There is a considerable body of research examining environmental impacts but much of this has
focussed on the degradation response rather than recovery. One of the most significant studies to
date is that of Pearson & Rosenberg (1978). Pearson & Rosenberg identified a series of
macrobenthic successional stages in relation to an increasing organic enrichment gradient that have
subsequently been supported by many studies of the benthic impacts of aquaculture (eg. Brown et
al., 1987; Ritz et al., 1989; Weston, 1990; Holmer & Kristensen, 1992; Findlay et al., 1995; Cheshire
et al., 1996; Hargrave, et al., 1997, Wildish et al., 1999, Macleod et al. 2002, Brooks et al., 2003).
Several of these have compared the infaunal categories defined by Pearson and Rosenberg to
other physical-chemical and biological parameters (Brown et al., 1987, Weston, 1990, Holmer &
Kristensen, 1992, Findlay et al., 1995, Cheshire et al., 1996, Hargrave et al. 1997, Wildish et al.,
1999, Macleod et al. 2002) and have suggested a direct relationship between the chemical status of
the sediment and the infaunal community structure. However, more recent research in Tasmania
has suggested that the correlation levels indicated in the northern hemisphere studies may not be
applicable to temperate Australian waters (Macleod, 2000; Macleod et al., 2002, Macleod et al.,
2004).

Relatively few studies have been undertaken to evaluate recovery of sediments at marine finfish
farms, but several of these have suggested that recovery is relatively rapid (6-12 months) compared
with other sources of organic pollution (Johannessen et al., 1994, Brooks et al., 2003). However, the
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rate of recovery will be strongly influenced by the prevailing environmental conditions. Many
environmental studies have shown that site characteristics, such as water depth, particle size,
current velocities and tidal effects play an important role in determining the rate and extent of both
degradation and recovery of sediments. In the aquaculture context, farm management criteria (i.e.
cage size, stocking density/biomass, feed input and timing/duration of stocked/fallow period) will
also be critical factors in determining impact/recovery level. What is measured is also extremely
important in obtaining a realistic evaluation of recovery. Some measures are much more sensitive to
sediment impact/recovery than others. For example, at fish farms in British Columbia, Canada,
physical-chemical parameters at cage sites returned to reference conditions within a few weeks,
whilst the macrofauna took more than 6 months to recover (Brooks et al., 2003). In Tasmania, the
physical and chemical properties of sediments showed that fish farm-derived organic matter levels
(identified through fatty acid profiles) remained elevated at cage sites 12 months after the cages
were emptied, despite redox potential indicating a return to reference conditions (McGhie et al.,
2000). In another Tasmanian study, sulphide concentration returned to reference conditions within 6
months of the lease being vacated, whilst the infaunal community structure was still significantly
different after 36 months (Macleod et al., 2002). In this study, recovery was evaluated for several
key criteria (physical, chemical and biological) at two farm sites with very different environmental
conditions and the results compared to determine the effect of location on overall recovery
performance. It is well recognised that benthic infaunal evaluation is one of the most sensitive
approaches for evaluation of sediment condition. Consequently, full community assessment was the
benchmark against which all other evaluations of recovery were judged. It was also recognised that
for sustainable management of sediments within marine farm leases it may not be necessary for the
system to recover to pristine condition. Therefore the project aimed to evaluate the level of recovery
necessary for sustainable operation, and which does not result in progressive deterioration of the
sediments.

2 Aims & Scope of the Original Study

CRC project 4.1 was developed as an integrated multidisciplinary investigation of the changes in
sedimentary processes associated with current salmonid farming practices in Tasmania. The project
involved assessment of the chemical, microbiological and biological responses of sediments under
Atlantic salmon (Salmo salar) cages at two locations in southern Tasmania over two complete
farming cycles. One site was relatively exposed and subject to greater water flows and wave action
than the other, which was more sheltered.

The project had three principal objectives

1. To assess the potential for progressive degeneration of sediments in association with cage
aguaculture operations.

2. To adapt and develop novel combinations of monitoring techniques to facilitate evaluation
of sediment degradation associated with ongoing marine cage aquaculture operations.

3. Toincorporate these techniques into farm management protocols as tools for the
evaluation and management of sediment condition in order to maximise sustainable
aquaculture production.



Guide to the assessment of sediment condition

3 Findings & Recommendations

The results indicate that at both sites there were clear spatial and temporal impact gradients.
Initially, unimpacted conditions at each of the sites were biologically and chemically distinct, but as
organic enrichment of the sediment increased the chemistry and ecology of the two systems
became more similar. Although there was significant recovery at the end of the study, neither site
recovered completely to pre-farming/reference conditions (i.e. some measures always differed).
However, at both sites it was found that the sediment recovery was likely to be sufficient to enable
re-use of the site. Although the potential for progressive deterioration of sediments to occur was
identified at both sites, the duration of the project was insufficient to establish this conclusively. The
rate of recovery differed both between sites and with differing stocking intensities, but clear impact
levels were discernible and comparable between the sites. Benthic infaunal evaluation was the most
useful indicator of both degradation and recovery and impact was classified for the sediment
conditions at each of the study sites according to the benthic infaunal community changes. Nine
stages were defined, encompassing both degradation and, importantly, recovery phases (Fig. 1).
Potential monitoring techniques and differing farming intensities were subsequently related to this

scale.

e Q » Q

2 )

3 2

¢ S

* Indicates conditions not observed in this study
Suggest stage IX is sufficiently recovered for restocking

STAGE - Category STAGE - Description
I - Unimpacted I - No evidence of farm impact
Il - Minor Effects Il - Slight infaunal & community change observed
Il - Moderate Effects Il - Clear change in infauna & chemistry
IV - Major Effects (1) IV - Major change in infauna & chemistry
\Y - Major Effects (2) \Y - Bacterial mats evident, outgassing on disturbance
VI* - Severe Effects VI* - Anoxic/ abiotic, spontaneous outgassing
VIl - Major Effects VIl - Monospecific fauna, major chemistry effects
VIl - Moderate Effects VIl - Fauna recovering, chemistry still clearly effected
IX - Minor Effects IX - Largely recovered, although slight faunal/ chemical

effects still apparent

Fig. 1. Impact and recovery stages.
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3.1 Benthic Community Assessment

The analysis of the combined benthic infaunal data from the two study sites indicated significant
differences between the benthic infaunal communities characterising unimpacted and impacted
(farmed) sediments (Fig. 2). These differences were consistent with successional community
patterns previously described in association with organic enrichment from fish farms (Brown et al.,
1987, Weston, 1990, Wildish & Cranston, 1997). Although many of the species involved were
clearly specific to the Tasmanian environment, the functional changes were largely equivalent.
Interestingly, there were significant differences between the baseline communities at the two study
sites. This is important as an understanding of the community composition prior to farming is
essential for determining recovery and may provide an indication of the potential resilience of the
system.

This study also assessed the benthic community information from both sites to determine whether
any simplification of the data was possible or whether any generalisations could be made in regard
to the infaunal results and the level of impact. Several simple approaches for evaluation of the
faunal community, such as total number of species, total abundance and the presence of key
indicator species, all provided useful information on the sediment condition, even distinguishing
particular impact stages (Fig. 2). Some of these features were equally applicable at both study sites,
were easy to define and were clearly linked to particular impact stages, whilst others characterised a
broader change or were site specific.

Many of the site-specific features are likely to have resulted from the prevailing environmental
conditions at the study sites. The sheltered site is highly depositional, characterised by mud
sediments, whereas the more exposed site was characterised by fine sand sediments.
Consequently, in the following sections site specific differences have been categorised according to
the background sediment conditions ie. mud or sand. However, it should be noted that these
categories are based on samples from only two locations in Tasmania and therefore may not be
generally applicable to all sand or mud environments.

The benthic community results also clearly showed that when sediment conditions were degraded
polychaete worms were the dominant faunal group, both in terms of abundance and diversity. In
organically enriched sediments capitellid polychaetes (distinctive, red, opportunistic worms) can
occur in huge numbers and in this study these worms were strongly indicative of the moderate and
major impact stages, IlI-VIII (Fig. 2). Since in impacted sediments the worms represent the greatest
proportion of the fauna, evaluation of total abundance reflected these changes.

Where there was a major impact the number of species was generally reduced (Fig. 2); a 50% or
greater reduction in the number of species compared to the reference site suggested a significant
impact (stage V). However, number of species by itself was a poor indicator of impact. For example
if a farm sample contained the same number or more species than an equivalent reference it did not
necessarily mean that the sediment had recovered, since the mix of species might be quite different.
In the initial stages of impact (or in recovery) diversity can be increased, as the conditions have not
yet deteriorated sufficiently to eliminate the stable species but there are enough resources to
encourage the establishment of opportunistic species (sometimes referred to as a “zone of
enhancement”).
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There were also changes in some general faunal groups that could be related to the level of
apparent impact (Fig. 2). Although most of these were site specific (discussed in section 3.4) the
following observations were made:

¢  Where crustaceans dominate the reference community, a significant drop in numbers
should be considered carefully, especially if associated with an increase in the abundance
of worms;

e Change in the abundance of molluscs as a group was on the whole a fairly poor indicator
of sediment condition; and

e Echinoderm abundance appeared to be relatively sensitive to organic enrichment,
particularly when this was associated with a decline in the oxic status of the sediments.

Stage
General - No evidence of farm impact; unimpacted indicator species present
| Indicators - Site specific
Function - Range of functions
General - Larger, long lived species & unimpacted indicators absent.
| | Diversity may be greater than pristine (zone of enhancement)
V] Indicators - Site specific
% > Function - Site specific
>
é = General - Rapid change in community mix; deposit feeding polychaetes / opportunists
INS dominate. Filter / suspension feeders absent; Polychaetes dominant (Annelid
|-|DJ 11 abundance x20 ref); Number of Species >50% of ref
Indicators - Capitella, Nebalia
Function - Deposit feeders
General - Opportunists (esp. Capitellids) characterise community
|V Indicators - Capitella, Nebalia
Function - Deposit feeders
8 General - Infaunal opportunists (esp. Capitelids) dominate
= - Annelid abundance x50 ref; Patchy Beggiatoa/ outgassing on disturbance;
2 V Number of Species <50% ref
o Indicators - Polychaetes highly dominant; Capitella, Nebalia
2 Function - Deposit feeders
V| | No Fauna - Sediments & bottom waters anoxic
General - Opportunists (Capitellids) still dominate but no.s dropping & other species
Vl | colonising
(2') Indicators - Capitella, Nebalia
= Function - Deposit feeders
x>
S 2 General - Transitional species prevalent — notable increase in epibenthic opportunists
8 E VI | indicator - Capitella
o> Function - Site specific
O b
General - Diversification of community but absence of climax / long lived species
|X Indicators - Site specific
Function - Range of functions
General - No evidence of farm impact; unimpacted indicator species present
| Indicators - Site specific
Function - Range of functions

Fig. 2. General characterisation of impact/recovery stages based on main infaunal community, key faunal
indicators and functional changes. Shaded area indicates period when cage was stocked.
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3.2 Comparison of Other Techniques

A range of techniques was evaluated to assess their suitability for industry based management of
sediment condition. Several established environmental monitoring approaches were found to be
poor indicators of sediment recovery, although useful measures of sediment degradation. However,
other techniques such as video assessment were found to be very reliable (Fig. 3). Quantitative
video assessment was determined to be the most effective approach for simple farm-based
assessment of sediment condition. This approach was capable of discerning the broadest range of
impact stages and was particularly useful in evaluating recovery over time.

The video scores associated with particular impact stages and the key visual features, are shown in
Fig. 3. The proposed quantitative video technique is simple, rapid, cost-effective and provides an
immediate evaluation of sediment condition. When linked with farm data, the condition of a lease
can be reviewed in a management context and informed management actions undertaken.

Another simple technique tested was the evaluation of benthic photos (still photos taken of benthic
community samples prior to sorting). This technique also identified generally applicable criteria
indicative of levels of impact (Fig. 3).

Both these simple visual assessment techniques could apply to assessments of other sources of
organic enrichment or contamination. However, when used in a finfish aquaculture context and
combined with farm production information it is possible to categorise the sediment condition to a
particular stage and also predict the likely future classification on the basis of the proposed farming
schedule. Differentiation between degrading and recovering sediments is most easily accomplished
when the information is reviewed as a time series.

Several techniques, including geochemical biomarkers and microbial community assessments, were
found to be powerful tools to help in elucidating the processes governing the sediments of inshore
marine environments. However, due to the complexity of carrying out these techniques, they are
unlikely to be useful in the context of routine farm-based monitoring.

Of the geochemical measures evaluated estimation of redox potential and sulphide concentration
were the most useful for distinguishing between impacted and unimpacted sediments (Fig. 4).
Measurement of physico-chemical parameters, such as redox and sulphide, has been applied as an
indicator of sediment condition in many monitoring programmes worldwide (e.g. Scotland - SEPA,
1998, Canada - Levings et al., 2002,). Redox has been included in the regulatory standards
required for fish farm monitoring in Scotland, Canada, the U.S. and in Tasmania. However, this
study determined that both approaches were poor indicators of recovery, generally greatly
overestimating the extent of recovery. Wildish et al. (2001) produced a model that defined four
stages of impact in relation to redox potential and sulphide concentration. Comparison of the
present data with the organic enrichment model proposed by Wildish et al. (2001) suggests that
although redox levels defining the impact stages in the current study were comparable to those of
the Canadian study, the local sulphide concentrations were greatly reduced. In the current study a
major impact was suggested by sulphide levels more than 10 times lower than that indicated by
Wildish et al. (2001). In New Brunswick, Canada the requirements for environmental monitoring of
salmon farms require that redox and sulphide be evaluated in combination (Wildish et al., 1999) and
certainly the results from this study indicate that measurement of both redox and sulphide
concurrently would increase the reliability of the result. Redox appeared to be influenced by
seasonal changes and both redox potential and sulphide concentration were variable in recovering



Guide to the assessment of sediment condition

sediments. Consequently it is recommended that redox and sulphide only be considered either as
part of a reliable and frequent time series data set or in conjunction with other measures of sediment
condition (e.g. faunal information or video assessment).

Stage

Photo score +ve; Video score >5
| Mud - Brittlestars
Sand —Algae / Echiurans / Sipunculans

Photo score 0 to —2.5;

Video score 2.5-5; Prevalence of burrows / faunal tracks / tubes
I I Mud- Squat lobster / dog whelk (Nassarius)

Sand- Echiurans / Sipunculans

Photo score —-2.5 to -4

| | | Video score <2.5

Mud- Squat lobsters/ dog whelk (Nassarius), Pellets/Faeces
Sand-Sea slugs, Pellets/Faeces

Photo score <-4

|V Video Score -ve ; Beggiatoa; Gas bubbles; Obviously blackened sediments, Pellets/Faeces
Mud- Continuous patches / mats of Beggiatoa

V Sand-Any evidence of Beggiatoa

Moderate Minor

Major

Not encountered in this study - However, photo score <-6 & video score <-10 would

V| [ 2a;ply

Photo score <-4

Video Score -ve ; Beggiatoa; Gas bubbles; Obviously blackened sediments
VI I Mud- Continuous patches / mats of Beggiatoa

Sand-Any evidence of Beggiatoa

Major

Photo score —2.5 to -4

Video score <2.5
VI I I Mud - Squat lobsters & dog whelk (Nassarius)
Sand-Sea slugs

Photo score 0 to —2.5

Video score 2.5-5; stabilisation of cumulative scores within this range; prevalence of burrows /
faunal tracks / tubes

Mud- Brittlestars very strong indicator of recovery; Squat lobster/ dog whelk (Nassarius)
Sand-Point at which sea slugs are displaced (temporal)

Moderate

Minor
X

Photo score +ve
| Video score >5
Mud- Brittlestars
Sand-Algae / Echiurans / Sipunculans

Fig. 3. Characterisation of impact/recovery stages based on visual assessment scores and main indicator
features at both mud and sand sites. Shaded area indicates period when cage was stocked.
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UNIMPACTED DEGRADING (Active) IMPACTED
|
1
Geochemical !
Measures: 1 Not
Eh>100mV | Eh=0-100mV Eh=0-100mV|  Eh=-ve i encountered
S below or >50% ref. or <50% ref. S7=>100uM | in this study
detection S= below S=>50uM .
detection 1
—
Unimpacted| Minor Moderate Major | Severe
1
STAGE | I 11 v \ VI
~ -~ "
Normal Transit Polluted Grossly
orma ransitory oliute Polluted
_.| Geochemical
E Measures: Eh = 0- Eh = -100-0mV Eh = <-100mV
o[ Eh=>100mV 100mVS= = 300- S* = 1300- S* >6000uM
G| S =<300uM 1300uM 6000uM
S
= | Microbial:
Normal oxic Hypoxic Anoxic

Fig. 4. Redox potential and sulphide concentration associated with impact stage and compared with organic
enrichment model as defined by Wildish et al. (2001). Shaded area indicates period when cage was stocked.

3.3

Site Specific Conclusions (Regional variability)

Substrate type is a critical determinant of infaunal community structure (Snelgrove & Butman, 1994,
Morrissey et al., 1998). The unimpacted communities at each of the two sites were very different.
The exposed site had many features typical of a sandy sediment community, although functionally
relatively diverse there was a high proportion of suspension feeding crustaceans. In contrast the the
sheltered site community was characteristic of soft mud sediments which are polychaete dominated
with few suspension feeders but many surface and infaunal deposit feeders. With the onset of
farming the communities at the two sites changed and over time became more similar. Each impact
stage can be characterised by specific genera or community changes (Fig. 5). At the sheltered
(mud) site the key genera defining the various stages were very similar to those proposed by
Pearson & Rosenberg (1978). However, there were some notable differences in the exposed (sand)
site, particularly in the early stages of impact.

All of the monitoring approaches examined in this study identified differences between the two study
locations. For the most part these differences refined the sensitivity of the more generally applicable
criteria. To facilitate comparison between the two sites these differences are detailed below.
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P&R ZONE

Nucula, Amphiura,
Terebellides, Rhodine,
Echinocardium, Nephrops
Sediments aerobic to 2cm or
more

Labidoplax Chaetozone
Corbula Anaitides
Goniada Pectinaria
Thyasira Myriochele
Pholoe Ophiodromus

Sediments become anaerobic
between 1-2cm

Capitella
Scolelepis

Sediments become
anaerobic between
0-lcm

NO
MACROFAUNA

Sediments anoxic
at surface

Grossly
Polluted

Transitory
A

Polluted
A

VI

VIl Vil

IX

STAGE
©
e —| Mud - Amphiura, Lysilla, Mediomastus,
5 Nucula, Thyasira
zZ Sand -Apseudes, Ampelisca

Mud — Nassarius, Corbula, Echinocardium,
Phoxocephalidae, Nemertea

Sand - Lyssianassidae, Eupilomedes, Spionidae
(Polydora cf. socialis), Phoxocephalidae

Mud — Capitella, Nebalia (dominant)
Corbula, Nassarius, (Neanthes)
Sand — Capitella (dominant), Neanthes,
(Corophium, Polydora cf socialis,
Tethygenia, Bodotriidae sp., Phoxocephalidae

Mud — Capitella, Nebalia (dominant)
Corbula, Nassarius, (Neanthes)

Sand — Capitella (dominant) (Neanthes,
Phoxocephalidae, Dimorphostylis)

Mud — Capitella, Nebalia (extremely dominant)
Sand — Capitella (greatly dominant)
(Neanthes, Phoxocephalidae)

Not
encountered
in this study

Mud - Capitella, Nebalia (abundant) (Nassarius,
Neanthes, Corbula, Phoxocephalidae)

Sand - Capitella (dominant), Neanthes, Corophium,
Nebalia, Phoxocephalidae

Mud — Capitella, Nebalia — decreasing abundance
Nassarius, Echinocardium, Phoxocephalidae

Sand —Capitella (lower no.s), Euphilomedes,
Polydora cf socialis, Sabellidae (cf Euchone)

Mud -Nassarius, Corbula, Neanthes, Echinocardium,
Phoxocephalidae, Nemertea

Sand —Mix of species with increased crustacea &
decreased annelids. Spionidae, Polydora cf
socialis, Euphilomedes, Nephtys, Apseudes

UNIMPACTED

IMPACTED DEGRADING

RECOVERING

(Active)

(Passive)

Fig. 5. Comparison of main indicator organisms with P&R model (1978). Combinations of key indicator
organisms should be assessed. Shaded area indicates period when cage was stocked.
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Exposed / Sandy Environment;

The background faunal community at the exposed site was characterised by crustaceans, in
particular Ampelisca sp. and Apseudes sp. These species were present at both recovered and
reference sites however they were considerably more abundant at reference sites than at recovered
sites (Table 1). Unimpacted sediments generally contained more than 450 m2 and 700 m-2
individuals per sample (0.01m2) of Ampelisca sp. and Apseudes sp. respectively. When the
sediment was impacted Ampelisca sp. was entirely absent and only 15-30 individuals m-2 of
Apseudes sp. were noted. Consequently, the presence of between 150-300 individuals m-2 of
Apseudes sp. might be considered indicative of a reasonable level of recovery. The presence of
more than just one or two Ampelisca sp. would be a good indicator of quite a high level of recovery.
These species are quite large and distinctive and would be relatively easy to distinguish even by a
non-skilled ecologist, particularly when present in abundance. Another crustacean group
(Phoxocephalids), were also notably more abundant in the samples from recovered positions than
at either the impacted or reference positions.

Several simple approaches, including number of species and total abundance, were examined in
the analysis of the benthic infaunal community at the sand site and the following conclusions were
drawn:

e There was a slight increase in species recorded at the references of the sand site than at
the references of the mud site (35-50 species per site (sand), 20-30 species per site
(mud));

o Where a major impact was evident the number of species at both sand and mud sites were
reduced and were similar (10-15 species per site (sand), 10 species per site (mud));

o Total abundance at the references of the sand site was also slightly higher than at the mud
site. However, where there was impact, the increase in total abundance was not as marked
at the sand site as at the mud site (in both cases this increase was mostly due to capitellid
worms);

¢ Atthe sand site an increase in total abundance 3x that at the reference could be
considered to reflect a moderate impact, whilst an increase 6-9x the reference would
suggest a major impact.

The findings and scoring for the visual assessment techniques were very similar for both study sites.
The main differences were in the key fauna underpinning the scores, which for the most part
reflected the species differences indicated above. Several features, including algae, echiurans and
large annelids, appeared to be good indicators of unimpacted / recovered conditions at the sand
site. Sea slugs were only present when there was a moderate impact, they were not observed in
unimpacted conditions or when a major impact had occurred. At the sand site evidence of bacterial
(Beggiatoa) mats were less evident at impacted sites than at the mud site (Tables 1 and 2).

Sheltered / Mud Environment;

In contrast to the crustacean dominated community at the exposed/sand site, the unimpacted
community at the sheltered/mud site was characterised by a diverse range of polychaete worms
including several surface deposit feeders (Table 2). Impacted conditions were distinguished by a
significant increase in abundance of opportunistic capitellid worms and a scavenging epibenthic
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crustacean (Nebalia longicornis). This latter species is very distinctive and in combination with
increased Capitellid abundance would be a very good indicator that sediments were markedly
impacted (stages llI-VIII). However, as a swarming epibenthic deposit feeder, N. longicornis is both
highly clumped in its distribution and very susceptible to sampling technique, so can be missed
easily. Consequently its absence from samples is not as significant as its presence.

Table 1. Summary of features characterising impact/recovery stages at the exposed/sand site based on key
features for each of the techniques deemed suitable for farm based assessment. (NB. Key Biotic Indicators
row: organisms identified with * are indicative in combination rather than individually).

Impact Stage ]I 1l m v \% Vil Vil IX
. . . . . Moderate .
Effect No evidence [Minor effects Moderate effects |Major effects 1.[Major effects 2. |Major effects effects Minor effects
Category [of impact (Degrading) (Degrading) (Degrading) (Degrading) (Recovering) (Recovering) (Recovering)
Small scale Significant Major As in Stage IV; Fauna returns to |Fauna re- Community
community community community Beggiatoa/ monospecific establishing largely
change; Sedimentjchange; Sediment |change; outgassing on dominance; major |(zone of recovered;
chemistry chemistry affected |[Monospecific  |disturbance sediment enhancement); |Sediment
Description unaffected or with dominance; chemistry effects |Sediment chemistry
only very minor major sediment chemistry still recovered
effects chemistry affected
changes
Unimpacted |Larger, long lived |Rapid change in  |Opportunists Infaunal Opportunists Transitional Diversification
indicator species & pristine |[community mix;  |(esp. opportunists (esp |(Capitellids) still  |species of community
species indicators absent. |deposit feeding Capitellids) Capitellids) dominate but no.s |prevalent - but absence of
Generalised JPresent Diversity may be |polychaetes/ characterise dominate. Patchy |dropping & other |notable increase |climax/long
Benthic greater than opportunists community beggiatoa/ species in epibenthic lived species.
Categories pristine (zone of |dominate. outgassing may |colonising. opportunists.
enhancement) Filter/suspension be evident.
feeders absent.
Apseudes, |*Lyssianassidae, |Capitella Capitella Capitella (greatly |Capitella Capitella (lower |Mix of species
Ampelisca  |*Euphilomedes, |(dominant); (dominant); dominant); (dominant), no's), with increasing
*Polydora cf Neanthes, *Neanthes, *Neanthes, *Neanthes, *Euphilomedes, |crustacea and
socialis, *Corophium, *Phoxocephalid [*Phoxocephalidae |*Corophium, *Polydora cf decreasing
Key Biotic *Phoxocephalidae]*Polydora cf ae, *Nebalia, socialis, annelids.
Indicators socialis, *Dimorphostylis *Phoxocephalidae |*Euchone *Apseudes,
*Tethygenia, *Polydora cf
*Cumacea, socialis,
*Phoxocephalidae *Euphilomedes,
) *Nephtys
Shannon >1<2; No. spp. . <1; No. spp. <50%]|>1<2; No. spp.
<1; No. . <50% of ref
Index >2 >2 >50% of ref - Spp porre of ref >50% of ref >2
Total
Same as ref x3 ref x6-9 ref x6-9 ref x3 ref
Abundance
Redox 0-100mV (or 0-100mV (or 0-100mV (or 0-100mV (or
. <0mVv
Potential (mV) >100mV >50% ref) >50% ref) m <omv >50% ref) >50% ref)
Sulphid . .
u'phice Below. Below detection | >50uM >100uM >100uM >50uM Below detection
Conc. (uM) [detection
Benthic Phot
enthic Photo Pos've Oto-3 -4t0-3 <-4 <-4 -4t0-3 Oto-3
Score
Video Score |>5 255 <25 Neg've Neg've <25 255
Algae EL?:;{;?ZE”% Any evidence of Point at which
Video Ecghiu;ans/ track! tubes: Sea slugs Any evidence of Beggiatoa, Gas  |Beggiatoa, Gas  |Sea slugs sea slugs are
Features ’ ) ’ (Pleurobranchia) |bubbles, Black sediments; bubbles, Black (Pleurobranchia) |displaced
Sipunculans |Echiurans/ " )
Ny sediments; (temporal)
Sipunculans
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Table 2. Summary of features characterising impact/recovery stages at the sheltered/mud site based on key
features for each of the techniques deemed suitable for farm based assessment. (NB. Key Biotic Indicators
row: organisms identified with * are indicative in combination rather than individually).

Impact
stage | I Il \Y v viI vill IX
Effect No evidence . Moderate . ) ) )
category [of impact Minor effects effects Major effects|Major effects |Major effects Moderate effects [Minor effects
Small scale Significant  |Major As in Stage IV;|Fauna returns to |Fauna re- Community largely]
community community [community |Beggiatoa/ monospecific establishing (zone|recovered,;
change; Sediment |change; change; outgassing on |dominance; major|of enhancement); |Sediment
chemistry Sediment Monospecific |disturbance sediment Sediment chemistry still
Description unaffected or with |chemistry  |dominance; chemistry effects |chemistry still slightly affected
only very minor affected major affected
effects sediment
chemistry
changes
Unimpacted Larger, long lived |Rapid Opportunists |[Infaunal Opportunists Transitional Diversification of
indicator species & changein |(esp. opportunists  |(Capitellids) still |species prevalent {community but
species unimpacted community |Capitellids) |(esp dominate but no.s|notable increase |absence of
present indicators absent. |mix; deposit |characterise [Capitellids) dropping & other |in epibenthic climax/long lived
Generalised Diversity may feeding community  |dominate. species opportunists. species.
Benthic increase (zone of |polychaetes/ Patchy colonising.
Categories enhancement) opportunists beggiatoa/
dominate. outgassing
Filter/suspen may be
sion feeders evident.
absent.
Amphiura, *Nassarius, Capitella, Capitella, Capitella, Capitella, Nebalia |Capitella, Nebalia |[Nassarius,
Lysilla, *Corbula, Nebalia Nebalia Nebalia (abundant); (decreasing Corbula,
.. |*Mediomastus, |*Echinocardium, |(dominant); [(dominant); [(extremely *Nassarius, abundance); *Neanthes,
Key Biotic Lyycyla, *Phoxocephalidae,|*Corbula, ~ |*Corbula, dominant) *Neanthes, *Nassarius, *Echinocardium,
Indicators |y asira *Nemertea *Nassarius,* [*Nassarius, *Corbula, *Echinocardium, [*Phoxocephalidae,
Neanthes  |*Neanthes *Phoxocephalidae|*Phoxocephalidae [*Nemertea
>1<2; No.
Shannon ¥ <1; No. spp. >1<2; No. spp
> 0 <1; No. spp. <50% of ref ’ ’
Index 2 2 fgfp >50% of P ? <50% of ref >50% of ref >2
Total
Same as ref x10 ref x20 ref x20 ref x10 ref
Abundance
Redox 0-100mV (or 0-100mV (or 0-100mV (or 0-100mV (or
Potential - f <omvV i .
) >100mv >50% ref) >50% ref) <omv >500% ref) >50% ref)
Iphi
Sulphide Below. Below detection  |>50uM >100uM >100uM >50uM Below detection
Conc. (uM) |detection
Photo ScorejPos've 0to-2.5 -25t0-4 <-4 -25t0-4 0to-2.5 Pos've
Video Score]>5 255 <25 Neg've Neg've <25 2.5-5
Prevalence of . Prevalence of
burrow/faunal Continuous burrow/faunal
" Continuous patches/mats of
Video . track/tubes; Squat Beggiat (’;) bubbl patch_es/mats of Squat lobsters, track/tubes;
Features Brittlestars Brittlestars, squat lobsters, dog eggaoa_, as bubbles, Beggiatoa, Gas dog whelk Brittlestars, squat
' whelk Black sediments; bubbles, Black '
lobsters, dog . ) lobsters, dog
sediments;
whelk whelk

The data from the mud site showed some interesting changes in the local molluscan communities
that appear to be associated with farming operations and level of impact (Table 2). In this instance,
changes were species specific and were correlated over time. Two introduced bivalves (Corbula
gibba & Theora lubrica) appeared to be indicative of minor/moderate impact (stage II-1ll, VII-VIII).
Over time and with increasing enrichment of the sediments these species seemed to become more
abundant, although numbers diminished rapidly after a certain level of impact. In contrast the
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abundance of two native bivalves (Nucula pusilla & Thyasira adelaideana) declined rapidly with
impact, re-establishment of these species suggesting that conditions had greatly improved.

The heart urchin Echinocardium cordatum was occasionally found at the reference positions in the
mud site but was absent where there was any significant impact, although at low levels of
enrichment it appeared to thrive. In contrast the local brittlestar (Amphiura elandiformis) was never
found where there was any organic enrichment but was frequently abundant at the references.
Consequently its presence represented a very reliable indicator of good sediment conditions.

There were two very important site specific differences in the video assessment features at the mud
site. Squat lobsters (Munida haswelli) and the little local dog whelk (Nassarius sp.) were extremely
good indicators of intermediate impact. Consequently when monitoring the progress of fallowing, the
presence of these two species would suggest that the sediments are well on the way to recovery.
Both species are very easy to identify in video footage. Also as identified in the benthic community
analysis, brittle stars were strong indicators of unimpacted environmental conditions, they too are
very easy to recognize and the presence of these on video footage would suggest that conditions
are close to reference.

3.4 Integrated Management Model

The results suggest that at both sites there was a very close relationship between sediment
condition and farm production levels (Fig. 6.a,b). Changes in management practices resulted in
quite significant alterations in sediment condition.

In the first production cycle, at the sand site, one cage was fallowed for 6 weeks longer than
planned. This not only resulted in a marked improvement in the sediment condition but also
produced continued benefits in the subsequent production cycle. The sediments appeared less
impacted at the end of the second production cycle at this position than they were at the position
which had not had this extra fallow period. Additionally, in the second production cycle, there was a
general reduction in both biomass of fish stocked and in feed input which resulted in a further
improvement in overall sediment condition. This was observed in both biotic and visual assessment
features which indicated better conditions at the completion of the second cycle than at the end of
the first stocked phase (Fig. 6a).

Although the biomass of fish stocked at the mud site was relatively stable over the two production
cycles, there was an appreciably reduction in feed input over the second cycle (Fig. 6b). Once again
environmental conditions reflected this, showing a substantial reduction in overall impact over the
second production cycle.

Relating the production information to the impact stages defined earlier suggests that at the sand
site the impact stages were associated with slightly lower levels of stocking and feed input than at
the mud site (Fig. 7). This supports the suggestion that the benthic community at the mud site was
better adapted to cope with organic enrichment.

The study also established that farm operations produce a generalised residual impact throughout
the farm lease. Consequently, any evaluation of recovery at “fallowed” positions within the lease
should take into account the likely effects of adjacent operational cages. It is not appropriate to
determine the effectiveness of fallowing just by the time that an area has been without a cage.
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Clearly environmental condition reflects farm production level and consequently farm production can
be managed to produce desirable environmental outcomes. Our results demonstrate that reliable
information on sediment condition, used in conjunction with feed rate and stocking density, can
assist farmers to manage their lease areas to obtain the best economic and environmental
outcomes. These findings also suggest that it is possible for farmers not just to compensate for
environmental impacts sustained in any given production year but that it would be possible to
manage their production strategies in order to forward plan and adjust for likely episodes of
increased or prolonged stocking in particular areas.

It should be noted however that there is no adjustment for the duration of impact in this model, and
although in this particular study the stocking cycles were broadly equivalent this would not always
be the case, and this would have to be taken into account in any other comparisons.
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Fig. 6. Representative data from one study pen showing the relationship between farm production (feed input
and fish biomass), Shannon diversity index and visual assessment of sediment condition for a) exposed
(sand) site & b) sheltered (mud) site. Shaded area indicates period when cage was stocked.
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Stage

No Feed/Fish Input (Present or Historic)
I Mud — No Farm Effects
Sand — No Farm Effects

Pre-Farming/End of Fallow Period
| | Mud — Residual Farm Effects
Sand — Residual Farm Effects

Cage Stocked/ Continuous Feed Input
I | I Mud — Fish=30-60kg/m?; Feed=200-400kg/day
Sand — Fish=30-50kg/m?; Feed=250-500kg/day

Cage Stocked / Continuous Feed Input
I\V/ | Mud - Fish=40-60kg/m?; Feed=300-500kg/day
Sand — Fish=50-75kg/m?; Feed=400-750kg/day

Moderate Minor

Major

Cage Stocked / Continuous Feed Input
V Mud — Fish=60-80kg/m?2; Feed=500-750kg/day
Sand — Fish=75-100kg/m?; Feed=750-1000kg/day

V1 | Not encountered in this study

Cage Empty
V” Mud - Residual Farm Effects
Sand — Residual Farm Effects

Cage Empty
V11| | Mud - Residual Farm Effects
Sand — Residual Farm Effects

Cage Empty
Mud - Residual Farm Effects
Sand - Residual Farm Effects

Moderate Major

Minor
X

No Feed/Fish Input (Present or Historic)
| Mud — No Farm Effects
Sand — No Farm Effects

Fig. 7. Characterisation of impact/recovery stages based on generalised farm production information at both
mud and sand sites. Shaded area indicates period when cage was stocked.

4 Summary of Key Findings and Recommendations

This study had three principal objectives.

1. To assess the potential for progressive degeneration of sediments in association with
cage aquaculture operations.

The results from the first cycle suggested that at the end of the initial fallow period conditions at both
farms, but particularly at the sheltered/mud site, had deteriorated compared to those pre-farming.
Whilst this did not conclusively indicate that progressive deterioration had occurred, it was of some
concern as it suggested that there was the potential for degeneration and certainly warranted further
study. Unfortunately we were unable to evaluate whether progressive deterioration would have
occurred under the defined production scenario as the stocking and feed regimes at both sites were
markedly reduced in the second cycle, so that it was no longer appropriate to compare the two
cycles.
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The changes to the stocking/feed input in the second cycle did provide some useful information,
suggesting that reduction in the farming intensity could result in marked improvement in both the
rate and degree of recovery. This in turn suggests that relatively minor farm management
adjustments can produce substantial environmental improvements.

To effectively evaluate whether progressive deterioration is occurring it is necessary to determine
whether the conditions post-farming differ from what existed pre-farming. In this study the two farm
sites had very different pre-farming community structures. Consequently, in order to be able to
determine the potential for progressive deterioration it is essential to establish baseline
environmental conditions.

2. To adapt and develop novel combinations of monitoring techniques to facilitate
evaluation of sediment degradation associated with ongoing marine cage aquaculture
operations.

Many approaches for farm-based monitoring have been assessed as part of this project. Benthic
infaunal assessment was used as the standard by which the sensitivity, reliability and suitability of
techniques was evaluated. Our findings suggest that visual assessment techniques are probably the
most useful approach for farm-based monitoring.

We have made the visual assessment more objective by defining indices, based on easily
identifiable visual criteria, which relate to specific stages of impact (Fig. 3). The proposed visual
approaches can determine different levels of impact and therefore can be used to monitor both
degradation and recovery. Discussions with industry stakeholders, environmental consultants and
government regulators suggest that these indices would apply equally well in environments other
than those included in the study. Consequently we are confident that with only minor and relatively
simple modifications they would be applicable to the broader farming community.

Key faunal indicators have also been identified, and these complement the visual techniques. The
indicator organisms are easy to distinguish and provide additional reliable ecological information on
the sediment condition. In conjunction with the quantitative visual analysis information, this
ecological information will enable farmers to obtain an understanding of their sediment condition that
they could only previously have achieved with the assistance of highly trained scientific
professionals.

3. To incorporate these techniques into farm management protocols as tools for the
evaluation and management of sediment condition in order to maximise sustainable
aquaculture production.

Although the methods described in this study could be used for a variety of monitoring purposes, the
proposed protocol was developed specifically in relation to on-farm monitoring, and was not
intended for regulatory or compliance purposes. The purpose of the proposed monitoring
programme is to provide farmers with sufficient information to enable them to incorporate an
environmental condition factor into their current farm management strategies. To this end this study
has defined a range of impact stages (Fig. 1) that categorise the sediment condition, which are
applicable to a range of environments, and which can be easily established by farmers using the
proposed techniques.

Accordingly, it is recommended that video assessment be adopted as the main approach for farm
based monitoring. Video footage should be obtained relatively frequently (at least monthly but
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preferably fortnightly) from cages within the farm, towards the end of the stocking cycle and over the
fallow period, and this should be compared with footage from reference positions taken at the same
times. Only a short (1-2 minute) video drop is necessary. Assessment can be done in the field or
post-processed. If there is any uncertainty as to the classification resulting from the visual
assessment the findings could be validated with infaunal grabs and subsequent evaluation of key
species. Other approaches (eg. redox/sulphide, lipid analysis, microbial status) can be undertaken if
a greater sensitivity or understanding of the system processes is required.

In order to ensure that the characterising features for the video assessment are relevant to a
particular site it is essential to have baseline information on the benthic community structure and
sediment conditions for that site. It is also recommended that infaunal grab samples be collected
from representative reference and farm locations at regular intervals (every 2-3 years) to calibrate
key indicators and identify any significant community changes. These samples would be quick to
obtain, would not require any complex processing, their principal function being to identify and
validate the key/dominant species. Photographic records should be taken of these samples to
establish a baseline environmental archive, providing a pictorial record of the community structure.
This can then be compared with subsequent evaluations (i.e. to identify any major community shifts,
to validate indicator identifications and to validate categorisation of impact levels).
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5 Recommended Techniques

5.1 Overview of Techniques

The recommended techniques cover a variety of differing levels of complexity related to the
collection, processing and analysis of samples, but also have different levels of sensitivity of results
(Fig. 8). Some of the techniques are very easy to undertake, but these tend to give only a fairly
broad indication of sediment condition. Other techniques involve more complex procedures, but give
a much more detailed indication of sediment condition. These techniques can be used in isolation or
in combination.

Sulphide Concentration
Redox Potential
Simplified Fauna Assessment

Benthic Photo Assessment Increasing Complexity
Quantitative Video Assessment
Major Faunal Groups
Lipid Analysis
Benthic Community Structure v

Increasing Sensitivity

Fig. 8. Relative sensitivity and complexity of techniques tested in Aquafin CRC Project 4.1.

Of all the techniques tested, analysis of the full benthic community structure provided the clearest
picture of sediment condition and also the most information into the extent of degradation and
recovery, and the processes occurring within the sediment during each. Analysis of full benthic
community structure is a relatively time consuming and potentially expensive exercise, however
several other techniques were identified that can provide useful results but require less resources
and expertise, such as simplified analysis of the benthic community using faunal groupings and key
species, and analysis of benthic photographs and video footage. The methods and application of
these techniques are described in detalil in the following sections. However, other more complex
techniques are also described here, including analysis of the microbial community, lipid and sterol
levels in sediments, stable isotopes and sediment geochemical measures (in particular redox
potential and sulphide concentration).

5.2 Methods and Application

5.2.1  Field Sampling

Although the specific requirements for each technique differ slightly, the field requirements have
several generalities. Sampling requires a minimum of two personnel, and a vessel with sufficient
deckspace to store and process the samples. As some of the equipment is heavy it is advisable, for
occupational health and safety reasons, that hauling be done using an appropriate winch.

When sampling predetermined stations, positioning equipment is required. This can be any form of
Global Positioning System (GPS), however differential GPS units tend to give greater accuracy
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(approximately 12m) than standard GPS units. The GPS should be set to Australian Grid Datum
(AGD) 66 prior to recordings easting and northing coordinates.

i) Benthic Sediment Sample Collection

Grab samples can be collected either from a boat or by diver. There are many different grabs
available but for the broad range of conditions encountered in Tasmania we have found that a Van
Veen Grab (with sampling area between 0.05 — 0.1m?) is most appropriate (Fig. 9a). On the first
sampling occasion, evaluate the volume of sediment collected in each grab and ensure that
replicates and subsequent sampling collect similar sediment volumes. For diver sampling, a hand
held 150mm diameter PVC pipe corer should be used (sediment depth 100mm; sample area
0.0177m?) (Fig. 9b).

For faunal analysis and benthic photo assessment a minimum of three replicate grabs/cores should
be collected at each station. Sediment grab samples may also be used to characterise key fauna
and to obtain subsamples for analysis of lipids/sterols.

Fig. 9. a) Van Veen grab in closed position, b) Diver core showing dimensions, c) Diagram of grab in open
position showing dimensions.
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If the grab/diver sample is for faunal analysis it should be washed through a 1mm mesh sieve using
a low pressure seawater supply or rinsed in mesh bags (0.875mm mesh aperture) (Fig. 10). If using
a sieve it is easiest to wash the sample through with an external water supply i.e. using a bilge
pump. However, it is important that the water pressure is kept low otherwise fauna may be forced
through the mesh. The material retained on the sieve should be transferred to plastic or glass
storage containers and completely covered with a solution of 10% formalin (4% formaldehyde)
buffered in seawater i.e. 100ml formalin to 900mls seawater. If using mesh bags, they should be
placed into drums containing a pre-mixed solution of 10% formalin in buffered seawater. Samples
must remain in the 10% formalin solution for a minimum of 48 hours to ensure complete fixation.

Design Specifications for Benthic Sampling Bags
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Fig. 10. a) Mesh bag, b) Diagram of mesh bag showing dimensions.

i) Video Assessment

Video footage can be obtained either remotely or by diver. For remote sampling, a remotely
operated vehicle (ROV) can be used (Fig. 11) or it is possible to use a digital underwater camera
system linked by an umbilical to a digital recorder on the surface vessel (Fig. 12.a,b). In order to
appropriately assess some of the key assessment features colour footage taken with a camera with
an independent light source is preferable. For diver videos, a colour digital video camera in an
underwater housing with an independent light source is the best option (Fig. 12.c). There should be
sufficient light to clearly distinguish all the assessment features (i.e. sediment colour) and
consequently the light intensity required may vary between sites/regions. The distance between the
sediment surface and the camera is very important and to standardise this it is advisable to house
the camera in a frame (Fig. 12.a,b) The distance between the camera and the seabed should be
between 30 — 50cm. The video footage is recorded either in the underwater housing or on the
surface. Using digital technology will ensure that video quality is maintained with any subsequent
reproduction or copy of the video, however it is possible to use a Hi8 camera if that is all that is
available. At each sampling station, a minimum of 2 minutes footage should be taken on and around
each sample location.
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a)

)

Fig. 12. a) Umbilical digital camera in frame with external lights attached b) Photo of camera indicating
position above sediment surface, ¢) Diagram of camera setup, d) Underwater digital camera housing with
external light.

iii) Sediment Core Collection

Core samples are used for analysis of redox potential, sulphide concentration and evaluation of
microbial communities. There are many different types of corer available but the two recommended
in this study are either a Craib corer (Fig. 13a) or Multicorer (Fig. 13b,c). Core tubes should be
approximately 250mm length x 45mm internal diameter, and preferably clear Perspex (Fig. 14).
Cores for analysis of redox potential and sulphide concentration need to have side access sample
ports (Fig. 14b). These holes are sealed with duct tape during deployment. A locking pin can also be
attached to the core so they can be secured in the corer (Fig. 14b).

Cores can also be collected by divers. In this situation, the core is inserted into the sediment to a
depth of approximately 15cm. This depth can be ensured by establishing a mark or lip on the
outside of the core that the divers can use as a guide. A bung is placed in the top of the core, the
core is then carefully removed from the sediment and a second bung placed in the bottom. The
bung in the top causes a vacuum within the core that holds the sediment in position while it is
removed. This works very well in fine sediments but can be less successful in sandy conditions. In
sandy sites the diver may have to excavate around the core to insert the bottom bung.

It is important that the cores are kept upright at all times. A simple carrying box can be used to
ensure that the cores are kept vertical both whilst sampling and when being hauled to the surface
(Fig. 13c). If measurements or analyses are not to be performed immediately then the cores should
be transferred to suitable container (e.g. an esky) filled with water at ambient temperature for
transfer.
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Fig. 14. a) Standard cores, b) Redox/sulphide cores, c) Core holder / carrier.

5.2.2  Laboratory/Shore Based Processing of Samples

i) Faunal Assessments

The sieved samples (mesh bags or jars) should be rinsed thoroughly in freshwater before being
transferred to shallow white trays for sorting. Samples should subsequently be stored in a solution
of 70% ethanol. If the samples have been well preserved in formalin the ethanol solution can be
made up using freshwater.



Guide to the assessment of sediment condition

a) Full Faunal Evaluation

The fauna are removed from any remaining sediment and the species present identified to the
lowest possible taxonomic level and each taxa counted. Full identification of all the infaunal species
requires highly skilled and well-trained biologists/taxonomists and therefore is not dealt with any
further in this guide. If this type of assessment is required contact the DPIWE Marine Resources
division (phone (03) 6233 3370) to gain a list of suitably trained professionals to undertake the
identifications.

b) Simplified Faunal Assessment
Samples are rinsed and transferred to sorting trays as per the full faunal assessment. The samples
are then examined and the following criteria assessed (Table 3).

Key/Indicator Organisms:

There are several general indicators (Fig. 2) that appear to be indicative of sand or mud
sediments, but there may also be site specific indicators that will need to be identified (site
baseline information may be useful). General indicators include:

e Unimpacted conditions — Brittle stars present / key amphipods present (Ampelisca sp /
Apseudes sp.) (Appendix 7.1).

e Impacted conditions — samples dominated by capitellid polychaetes / abundant Nebalia
longicornis (Appendix 7.1)

Number of Species:

Unimpacted — Comparable to reference;

Moderate Impact — Number of species may be reduced (>50% of reference);
Major Impact — Considerable reduction in species diversity (<50% of reference).

Annelid Abundance:

Unimpacted — Comparable to reference;

Moderate Impact — More than 20x increase compared to reference abundance;
Major Impact — More than 50x increase compared to reference abundance;

Table 3. Summary of levels for a) major faunal characteristics and b) key faunal species.

a) Description Stage Number of Species | Annelid Abundance

Unimpacted I/ or IX Same as ref Same as ref

Moderate Impact AV or VIIVIIL >50% of ref 20x ref

Major Impact V <50% of ref 50x ref

Severe Impact Vi Defaunate or Azoic

b) Description Stage Key Indicator Organisms

Unimpacted I Apseudes &/or Ampelisca &/or Brittle stars present
in abundance

Minor Impact I/l or IX Heart urchins present in abundance

Moderate Impact W/ or VIV Corbula &/or Theora present in abundance

Severe Impact - vii Capitellids &/or Nebalia present in abundance
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i) Quantitative Visual Assessment

a) Benthic Photos

The sieved sample material should be rinsed thoroughly in freshwater before being transferred to a
white sorting tray. A digital photograph is then taken of each sample. Where possible the same tray
should be used for all photographs to ensure consistency. Where large shell fragments are present,
it may be useful to remove these prior to taking the photograph. The photographs are then
assessed by evaluating the presence/absence and relative abundance of key features (Table 4a,
Appendix 7.2.2). A scoring system based on parameters indicative of impacted or unimpacted
sediments (identified through the full analysis of these samples) is applied (Table 4a). Parameters
are either positive or negative depending on whether the parameter indicates a positive or negative
effect. Scores are weighted depending on the severity of impact indicated by each parameter. When
cumulatively added they provide a total sample score which corresponds to the level of impact for
that sample (Fig. 15a). Some features may not be relevant at all sites. An initial baseline study (full
benthic faunal analysis and video survey) will indicate the key indicator species and visual
assessment features specific to each farm.

b) Quantitative Video Assessment

Video footage for each sample position is scored according to key features that are determined to
be indicative of impacted or unimpacted conditions (Fig. 3, Appendix 7.2.1). These features are
weighted according to their ability to discriminate impact. Features indicating little or no impact add
to the score, whilst those indicating a detrimental affect subtract from the score (Table 4b).
Therefore the higher the score, the better the sediment condition (Fig. 15b). The resulting scores for
all variables can be set up as a multivariate matrix or they can be summed to give a single video
score for each station/time. The video data can be analysed using univariate or multivariate
techniques. Univariate analysis provides a single score for each site and time and these can be
compared over time or for all positions within a lease at any given time. Multivariate analysis makes
it easier to compare the differences between the sites in relation to particular assessment
features/criteria. However, for farm assessment purposes calculation of the cumulative score will be
sufficient to assign impact level.
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Table 4. a) Key features and scoring levels for benthic photographs.

Photo Feature Scoring Levels Weighting Category

Introduced Bivalve (Corbula gibba) 0-Absent 1-Few 2-Many 1 -1
Capitellid Worms 0-Absent 1-Few 2-Many 3-Whole sample 2 -1
Other Worms 0-Absent 1-Few 2-Many 15 1
Suspension Feeders (Brittlestars) 0-Absent 1-Present 2 1
Heart Urchins 0-Absent 1-Few 2-Many 1 1
Sea Slugs 0-Absent 1-Few 2-Many 1 -1
Mussell Shells 0-Absent 1-Few 2-Many 1 -1
Nassarid Gastropods (dog whelk) 0-Absent 1-Few 2-Many 1 -1
Other Invertebrates 0-Absent 1-Few 2-Many 1 1

b) Key features and scoring levels for video assessment.

Video Feature

Gas bubbbles
Black/grey sediment
Beggiatoa

Pellets and faeces
Farm-derived debris
Burrow density
Worm tubes/casts
Faunal tracks

Algal Cover

Brittle star

NZ screw shell
Nassarid gastropod
Side gilled seaslug
Heart urchin

Squat Lobster

Echiurans & Annelids
Other Crustaceans

Sea Stars
Other Fauna

Swarming epibenthic crustaceans

Fish / Other Vertebrates

0-Absent
0-Normal
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent
0-Absent

Scoring Levels Weighting Category
1-On disturbance 2-Spontaneous outgassing 10 -ve
1-Not normal (compared to reference) 1 -ve
1-Patchy 2-Thinmat  3-Thick mat 15 -ve
1-Few 2-Many 3-Feed spill 1 -ve
1-Present 1 -ve
1-Few 2-Many 3-Dense 15 +ve
1-Present 1 +ve
1-Present 1 +ve
1-Sparse 2-Moderate  3-Dense 15 +ve
1-Present 15 +tve
1-Few 2-Many 1 +ve
1-Few 2-Many 1 -ve
1-Few 2-Many 1 -ve
1-Few 2-Many 1 +ve
1-Few 2-Many 1 -ve
1-Few 2-Many 1 +ve
1-Few 2-Many 15 +ve
1-Few 2-Many 1 +ve
1-Few 2-Many 1 +ve
1-Few 2-Many 1 +ve
1-Few 2-Many 1 +ve

(Refer to Appendix 7.2.1/ 7.2.2 for clarification of terminology (i.e. sparse / moderate / dense & few / many)).




Guide to the assessment of sediment condition

Category — Degrading
44 (or recovering)

I (Unimpacted)

(4]
S 0
O
@ Il (Minor Effects) (or IX)
S 2-
o
IIl (Moderate Effects) (or VIII)
-4 1 IV (Major Effects (1))
(or VI
5 V (Major Effects (2))
_ V1 (Severe Effecty
-8
July Aug Nov Dec Jan
a)
15
Category — Degrading
(or recovering)
10 1 | (Unimpacted)

Il (Minor Effects) (or IX)
IIl (Moderate Effects) (or VIII)

Video Score
o

IV (Major Effects (1))
(or VII)

V (Major Effects (2))
h _ ne
July Aug Nov Dec Jan
b)

Fig. 15. Representation of relationship between a) photo scores and impact levels (example data used) and
b) video scores and impact levels (example data used).

iii) Redox Potential and Sulphide Concentration

Redox potential and sulphide concentration measurements are taken from sediment cores
(collected as previously described — 5.2.1.iii). Both redox and sulphide should be measured at 3cm
depth. There are a variety of redox probes available; single cell and combination electrodes. For
ease of sampling the combination electrodes are recommended. In CRC Project 4.1 a WTW
Combination Redox Probe was used. Prior to each set of measurements being taken the probe
should be calibrated. Pre-packaged calibration solutions can be purchased. As calibration is
sensitive to temperature it is important to note the temperature of both the calibration solution and
the sample at the time of sampling. It is best if these temperatures are comparable. To obtain a
measurement the probe is inserted into the hole in the side of the core tube (Fig. 13b).
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Redox potential values should be allowed to stabilise prior to recording. Depending on the sediment
condition the measurement may settle quickly or it may take a few minutes. Redox measures the
oxidation/reduction potential of the sediments by determining the availability of free hydroxyl ions.
Measurement will itself affect this level and therefore the reading on the meter will continue to
decline (albeit slowly) whilst the measurement is being made. Consequently it is not necessary for
the probe to stabilise completely before taking a reading, simply ensure that the rate of decline has
steadied. Note that an error level of +/- 10-20mV in the final reading is acceptable.

Sulphide concentration is measured using a silver/sulphide combination electrode. Once again there
are a variety of different probes available but a combination electrode is recommended. Each
manufacturer will have slightly different specifications regarding use, sensitivity and calibration and
these should be followed carefully. In Project 4.1 a Cole-Parmer 27502-40 silver/sulfide electrode
was used. Prior to each sampling occasion, a Sulphide Anti-Oxidant Buffer (SAOB) must be
prepared (see technique below & Appendix 7.4.3) and standard curves should be established for
calibration (technique described below & Appendix 7.4.3).

A sediment sub-sample (2ml) is extracted from the port in the side of the core tube (Fig. 13b) using
a 5ml syringe, and placed in a glass vial. SAOB (2ml) is added to each jar and sulphide
concentration measured (mV) by placing the probe into the jar, and slowly stirring the
sediment/buffer mix until the reading stabilises. The mV readings can be converted to sulphide
concentration using the calibration curve described earlier. The procedure for this is included in the
attached data analysis package (CD).

Preparation of Sulphide Anti-Oxidant Buffer Solution (SAOB) for Cole Parmer Electrode:

The SAOB solution can be purchased ready made or it can be prepared by adding 20.0g of NaOH
(Sodium Hydroxide pellets) and 17.9g of EDTA (Ethylenediaminetetra-acetic acid) in a 250m|
volumetric flask and diluting to volume with distilled water. This solution should be refrigerated (4°C)
until required. Just prior to use add 8.75g of ascorbic acid for every 250ml of solution required. Once
ascorbic acid has been added, the solution will only remain viable for approximately 3 hours.

Calibration of Cole Parmer 27502-40 Sulphide Probe:
The accuracy of the probe is established by checking the calibration with known standards.

To make up the primary standard (C1), weigh approximately 0.2402g of sodium sulphide
(NaS.9H,0) into a 100ml volumetric flask and fill to the mark with deionised water. Record the
exact weight of sodium sulphide used (refer recording sheet, Appendix 7.4.3). Extreme care should
be taken when handling and weighing sodium sulphide (gloves and safety glasses should be worn
and all procedures carried out in or adjacent to a fume cabinet).

To make additional standards, dilute the primary standard using 50ml volumetric flasks.
C2 =5mls of C1 in 50ml (make up to volume using DH,0)
C3 =5mls of C2 in 50ml (make up to volume using DH20)

Step 1 - Conduct a slope check.

Add 20ml SAOB to a small plastic beaker, and stir the solution with a magnetic stirrer. To this add
1ml of C1 and record the mV reading (A), then add 10ml of C1 and record the mV reading (B). The
difference between A and B should be 26 = 2 mV.

Step 2 - Determine the standard curve.
Add 15ml of standard (C3) to the same volume of SAOB solution (1:1 ratio). Stir the solution using a
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magnetic stirrer and record the mV reading. Repeat the procedure for the other standards, C2 and
C1, in that order. Once again, the difference in mV readings between C1 & C2, and C2 & C3, should
be 26 + 2 mV.

NB. The calibration requirements may vary depending on the type and make of the probe employed.
Please refer to manufacturers guidelines for specific details.

iv) Other Techniques

a) Lipid/ Fatty Acid / Sterol Assessment:

Fatty acids, lipids and sterol samples are collected from grab samples. A subsample from the grab
(approximately 50ml) is placed in a sterile glass jar and frozen for analysis. If any of these
assessments are required then samples should be sent to the CSIRO Marine Laboratories, Hobart.
Contact Dr J.Volkman, CSIRO Marine Laboratories for any further information (Phone (03) 6232
5222).

b) Microbiology (Bacterial enumeration):

Core samples are necessary for bacterial enumeration. The top 1-2cm of sediment are sliced into
three sections (0-2 mm, 2-5 mm and 5-10 mm) and these samples fixed in 4% formalin buffered in
0.2um filtered seawater. Samples should be stored at 4°C. Enumeration of bacteria is a complex
process, and will require specialised assistance.

For more information regarding this process, please contact Dr C. Burke, School of Aquaculture,
University of Tasmania (Phone (03) 6324 3801).

)] Data Management (SEAbase)

As part of this project a Sediment Environmental Assessment database (SEAbase) has been
developed to facilitate environmental data management and analysis. SEAbase provides a user-
friendly interface for data entry, storage and analysis, and for production of reports. When used
correctly, the system can provide useful insights into the relationship between the sediment
condition and farm production. Data can be input directly into SEAbase or extracted from existing
spreadsheets/databases. A full guide to using SEAbase can be found in Appendix 7.3.

a) Data Entry

Records can be entered directly or imported from Microsoft Excel or another database package (eg.
Access or Oracle). When importing data to SEAbase it is important that the data format matches.
Once data is entered into SEAbase, it is automatically saved. However, it is advisable to back up
the database regularly, particularly if using the system for primary data storage. Ensure that
SEAbase is backed up after entering any large amounts of data.

b) Data Analysis and Reports

With some techniques, i.e. redox potential, sulphide concentration, video assessment and visual
assessment, the raw data must be converted into meaningful units before the results can be
interpreted. There are specifically designed functions within SEAbase to both convert the relevant
raw data into meaningful measurements and to extract certain combinations of data. Once the data
has been entered, there is a command button on each of the relevant data entry forms that will
automatically convert your data. The data must be converted before undertaking any other
functions/ analyses.

A variety of reporting options are currently available in SEAbase. These can produce summaries of
the data and combinations of different results to give an overall picture of sediment condition.
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However, it is possible to tailor reports for particular needs. It is also possible to extract data for use
in further analysis, (e.g. univariate analyses (such as ANOVA's) or multivariate analyses) and
SEAbase contains several functions specifically for this purpose.

c) Data Interpretation

Aquafin CRC Project 4.1 indicated a strong relationship between farm management and the
condition of sediments. It was evident that changes to the farm production schedule, and in
particular changes to feed input and biomass, can influence the sediment condition, and hence the
time required to recover prior to restocking. SEAbase makes it possible to easily view sediment
condition data in combination with production data, by producing reports that combine production
data, farm environmental data (dissolved oxygen and temperature collected on farm) and sediment
condition data.

For any further information on SEAbase or data interpretation, please contact Ms S. Forbes or Ms
C. Macleod, TAFI, University of Tasmania (Phone (03) 6227 7277).

6 Important Notes

This field manual and SEAbase have been developed using a restricted dataset. In interpreting
sediment condition at farms where baseline environmental conditions differ markedly from those of
the original study sites (CRC project 4.1) it is important that the data and associated impact stages
be validated. Baseline benthic information is necessary to characterise the fauna of the system and
to determine key faunal and visual assessment indicators. Even where baselines have already been
established indicators should be revalidated regularly (i.e. biannually) to ensure that they continue to
be representative.

Although video assessment may appear to be very reliable, any assessment of environmental
condition based on a single factor/technique should be viewed with caution. Evaluation of sediment
condition is always more reliable when multiple approaches are employed or where the findings can
be tracked over time. For example assessment of video in combination with key benthic indicators
and measurement of redox potential will give a clearer picture than video assessment alone and the
assessment may be further enhanced if a data series is available over time and is able to be
considered in conjunction with farm production information.
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7 Appendices

7.1 Photo guide to key indicator organisms.

14.2mm

C)

Fig. 7.1. Key Indicator Organisms a) Ampelisca sp., b) Apseudes sp., ¢) Amphiura elandiformis (Brittle Star),
d) Echinocardium cordatum (Heart Urchin), e) Corbula gibba, f) Theora lubrica, g) Capitella capitata, h)
Nebalia longicornis.



Guide to the assessment of sediment condition

7.2 Visual characterisation criteria for Visual Assessments

7.2.1  Guide to Video Assessment Features

The video assessment features are detailed below, with scoring options and associated
photographs. When scoring groups of fauna, ‘few’ usually refers to one to five individuals, whilst
‘many’ refers to more than five individuals.

1. Gas Bubbles

Scoring: 0=Absent
1=Present on disturbance (pictured)
2=Spontaneous bubbling

2. Sediment Colour
Scoring: 0=Normal
1=Not normal (pictured —
grey/black as compared to reference)

)

4. Pellets / Faeces
Scoring: 0=Absent
1=Few
2=Many (pictured)
3=Feed Spill
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5. Farm Debris
Scoring: 0=Absent
1=Present (pictured)

6. Burrow Density
Scoring: 0=Absent; 1=Few (a); 2=Many (b); 3=Dense (c)

7. Worm Tubes
Scoring: 0=Absent
1=Present (pictured)

8. Faunal Tracks
Scoring: 0=Absent
1=Present (pictured)
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9. Algal Cover
Scoring: 0=Absent; 1=Sparse (a -few isolated patches); 2=Moderate (b -many isolated
patches); 3=Dense (¢ -continuous patches)

10. Brittle Stars
Scoring: 0=Absent
1=Present (pictured)

11. New Zealand Screw Shells
Scoring: 0=Absent
1=Few (<10 individuals)
2=Many (pictured)

12. Dog Whelks

Scoring: 0=Absent
1=Few (<10 individuals)
2=Many (pictured)
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13. Sea Slugs

Scoring: 0=Absent
1=Few (1-2 individuals)(pictured)
2=Many

14. Heart Urchins

Scoring: 0=Absent
1=Few (1-2 individuals)
2=Many (pictured)

15. Squat Lobsters

Scoring: 0=Absent
1=Few (1-2 individuals)
2=Many (pictured)

16. Swarming epibenthic crustaceans
Scoring: 0=Absent
1=Few (1-2 individuals) (pictured)
2=Many
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17. Echiurans / Large Annelids
(e.g. Echiuran proboscis (pictured)).

Scoring: 0=Absent
1=Few (1-2 individuals)
2=Many

18. Fish / Other Vertebrates
(e.g. Banded Stingaree (pictured)).

Scoring: 0=Absent
1=Few (1-2 individuals)
2=Many

19. Other Crustaceans
(e.g. Pebble Crab (pictured)).

Scoring: 0=Absent
1=Few (1-2 individuals)
2=Many

20. Sea Stars

Scoring: 0=Absent
1=Few (1-2 individuals) (pictured)
2=Many

21. Other Fauna
(e.g. Sea Urchin (pictured)).

Scoring: 0=Absent
1=Few (1-2 individuals)
2=Many
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7.2.2  Guide to Photo Assessment Features

The photo assessment features are detailed below, with scoring options and associated
photographs.

1. Introduced Bivalve (Corbula - individual photo shown in Fig. 7.1E)
Scoring: 0=Absent; 1=Few (a — 1-2 individuals); 2=Many (b)

2. Capitellid Worms (Capitella capitata —
individual photo shown in Fig. 7.1G)
Scoring: 0=Absent;

1=Few (a - 1-2 individuals);

2=Many (b);

3=Whole Sample (c)

3. Other Worms (scoring based on number of different types of other worms)
Scoring: 0=Absent; 1=Few (a — 1-2 individuals); 2=Many (b)
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4. Brittle Stars (e.g. Amphiura elandiformis - refer to Fig. 7.1C)
Scoring: 0=Absent; 1=Present (pictured).

5. Heart Urchins (e.g. Echinocardium cordatum — refer to Fig. 7.1D)
Scoring: 0=Absent; 1=Few (a - 1-2 individuals); 2=Many (b)

6. Sea Slugs
Scoring: 0=Absent; 1=Few (a — 1-2 individuals); 2=Many (b); c) Example of a sea slug —
Pleurobranchia maculata
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7. Mussel Shells

Scoring: 0=Absent;
1=Few (1-2 individuals) (pictured);
2=Many.

8. Dog Whelks (circled in insets — a & b)
Scoring: 0=Absent; 1=Few (a - 1-2 individuals); 2=Many (b); c) Example of a dog whelk -
Nassarius nigellus.

9. Other Fauna
(e.g. crabs, urchins, seastars)

Scoring: 0=Absent;
1=Few (1-2 individuals);
2=Many.

E.g. New Zealand Screw Shell (Maoricolpus roseus).
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7.3 Guide to using SEAbase

K Microsoft Access - [SEABase : Form] =151
JEHe Edit Wiew Insert Format Records Tools Window Help ;lilil‘
J [Main Menu | Site Info | Data Entry ~ ‘ Reports ‘ Quit ‘ R Help

SEAbase

Sediment Environment Assessment Database

Program loading....

Development of a field guide and associated training to facilitate
rapid transfer of the outcomes of CRC Project 4.1 to marine
finfish farms in Tasmania.

At Saiman CSIRD
AQUACULTURE e :: - .
SUBPROGRAM MARINE RESEARCH

B Microsoft Access - [frmMainMenu : Form] ==l x|
JEHe Edit iew Insert Format Records Tools Window Help == ll‘
J Main Menu | Site Info | Data Entry ~ ‘ Reports ‘ Quit ‘ R Help

Yiew Copyright Information

Welcome to SEAbase

Sediment Environment Assessment Database

View/Update Site Information

View/Update Data

Produce Reports

b)
Fig. 7.3 a) SEAbase Start up form; b) SEAbase Main Menu form.

7.3.1  Introduction

SEAbase is a form-based Access database designed for the Tasmanian Salmonid Finfish
Aguaculture Industry. The database can be used for data storage, manipulation, analysis and
reporting. The following information goes through the various forms within SEAbase, providing a
guide to how to use each form, the type of data required / produced and all possible analyses.
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E Microsoft Access - [frmFarmInformationMainForm]
J File Edit Wiew Insert Format Records Tools Window Help

J Main Menu ‘ Site Info | Data Entry - | Reports ‘ Quit | B Help

SEAbase

Site Information

Site ID ag o Add New
Site Name  [AguaFarm Site
Location  [Souther Tasmania

Details of Pen Positions / Monitoring Sites for above lease:

Position ID Cage ID Easting Northing =
AQPent -43.1066 147 6922
AQPen? -43.1064 147 6936
AQRet -43.1059 147 6962

Microsoft Access - [frmAddNewsiteMain]
J File Edit View Insert Format Records Tools Window Help

J Mair Menu | Site Info | Data Entry - | Reports | Quit | ? Help

donitoring S

Position Cage D Easting MNorthing

| | | |
b)

Fig. 7.3.1 a) SEAbase Site Information form; b) SEAbase Site Information, Add New Site form.

7.3.2  Site Information

The site information form can be used to view data on leases/sites and positions within sites. The
first step when entering data for a new site is to add the site to the database. All positions have a
unique ID/name, and there is the option to include easting/northing coordinates. Some farms have
differing position and cage ID’s. In SEAbase the position ID relates to the actual position where the
sediment was collected. A Cage ID, relating to the identification of the fish stocked at a position can
be added. To view data on different sites, select the required site from the drop down menu. To
enter data on a new site, click on ‘Add New Site’ command button. To enter data for a new position
within an existing site/lease, simply click on the row below the last entry for that site, and enter the
unigque position identifier, and if desired, the coordinates for that position.

Site Information (add new site)

Use this page to enter an entirely new site/lease by clicking on the ‘Add Site’ command button. You
can then enter a unique identifier for the site, the site’s full name and location. Positions and cage
ID’s can be entered simply by clicking on the first row under ‘position’ and typing in the unique
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position identifier. Easting and Northing coordinates can also be added. Once added, click the
‘Save’ command button.

bs - [frmSedimentCond : Form]

sert Format Records Tools Window Help

Info | Data Entry ~ | Reports | Quit | % Help

SEAbase

Analysis of Sediment Condition: Choose from the following techniques

Photo Assessment

Redox Potential Simple Fauna Measures

Sulphide Concentration Benthic Faunal Analysis

bs - [frmDataEntryMainForm : Form]

sert Format Records Tools Window Help

Info | Data Entry ~ | Reports | Quit | % Help

Data Entry Main Form

‘Sediment Condition Data

Production Information

Environmental data
(temperature, dissolved
oxygen)

Fig. 7.3.2. a) SEAbase Data Entry Main form; b) SEAbase Sediment Condition Data Entry form.

7.3.3 Data Entry

From the main data entry form you can navigate to all other data entry forms (you can also use the
customised toolbar at the top of the page to navigate). The main data entry form is separated into
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three categories — sediment condition data (for techniques recommended in the field manual),
production information (site stocking and feeding information) and water quality data (such as
temperature, dissolved oxygen and phytoplankton).

Sediment Condition Data

Six techniques for assessment of sediment condition are included in SEAbase. These are all
described in the field manual. Data entry forms for each of these can be accessed by clicking on the
relevant command button, or using the customised toolbar at the top of the page.

i) Video Assessment Data Entry

E Microsoft Access - [frmviideoDataEntry]
J Fle Edit View Insert Format Records Tools Window Help
J Main Meru ‘ Site Info ‘ Data Entry - | Reports | Quit | ® Help

Paosition m SEAbase

ach criteria, click on the criteria heading

W W isible Fauna
* D-Absent © (-Absent & D-Absent (-Absent | 1-Present/ | 2-Many
 1-Bubhl disturb f F Few
- ubbling on disturbance © 1Few © 1Present 10, Brittle Stars & o
2-Free hubblin [l X
9 2-Many 11. MZ Screw Shell & o
© 3FeedSpil 12.Doghelks @ ol o
13.Sea Slugs & el s
W w 14.Heart Urchins & « s
& D-&bsent & D-Absent 15. Squat Lobsters & s ©
' 1-Black/Grey © 1Present ' 1-Present 16. Swarming & ol ol
crustaceans
EEEEE 00 | O EEEE e c c
@ D-Absent © D-Absent © O-Absent 18. Fish & I (-.
© 1-Patchy © 1-Few C 1-Gparse 19. Other ® o o
Crusti
£ 9 Thin Mat C 2 hany © 2Moderate USTEEEENE
20. Seastars « sl s
' 3Thick Mat C 3Dense © 3Dense 21.OtherFauna & [ ©
Comments: Convert and view video score |

E - [frmVideoConversion] ]

Insert Format Records Tools Window Help

Reports | Quit ‘ @ Help

fo | Data Entry -

Converted Video Scores

Pasition ID Date Video Score Stage Position Status
m [TeFep0z]f [ wvarv [
[FhdPent | 11-Now-02 | A8 WMoVl |
|FMPen1 | DB*DEDDEI 25 | I % ar vl |
[FtPent [ 08-Jan-03 | 05 [ WMoVl |
[FtdPent | 03-Feb-03 | 05 | Il ar I |
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Microsoft Access - [frmVidExample_GasBubbles : Form]
J Fie Edt VWiew Insert Format Records Tocls Window Help
J Mair Men | Site Info | Data Entry - | Reports | Quit | ? Help ‘

1. Gas Bubbles

0 - Absent

1 - Present on disturbance
2 - Spontaneous bubbling

©)

Fig. 7.3.3.i. a) SEAbase Video Data Entry form; b) SEAbase Converted Video Data form; ¢) Example of Video
Feature form (Gas Bubbles).

The video features listed on the video data entry form are explained in full in the field manual, and
can be viewed in the ‘Video Cheat_Sheet.ppt’ on the attached CD. However, examples of the
features can be accessed simply by clicking on the blue title attached to each specific feature. To
enter new video data, first select the position ID from the drop down list. Today’s date will appear as
the default, change if necessary. The position status can be added as stocked, empty or reference.
Simply click on the relevant score for each feature (these are just check boxes) to complete the
scoring form. Enter comments if required. To calculate the video score click on the ‘Calculate and
view video scores’ command button. This automatically applies the weightings and calculates the
video score. It then opens the Video Converted form (Fig. 7.3.3.i.b) which shows the video scores
for each date that this position has been assessed, and applies the impact stages, as explained in
the field manual.
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ii) Photo Assessment Data Entry
Microsoft Access - [frmPhotoDiataMainFORMI |

J Ele Edit Wiew Insert Format Records Tools Window Help

J IMain Menu | Site Info | Data Entry = | Reports | Quit | R Help

SEAbase
Photo Data Entry Form
Position 'I Ci
Dale 30-Jun-04 Mo
Position Status 'I =

ent

Introduced
Bivalve Capitellid Brittle Heart Sea Mussel

Replicate (Corbula) Worms Stars  Urchins Slugs Shells Dog Whelks Ins
m i 2 m i1 2 3 m i o1 2 m i 2 m i 2 2

[ONE SN BN o EREE I S & [CN RN oRIRECI ol SRR RN ol o BERE CIN SN SERNICH

s - [frmPhotoConversion]

Insert Format Records Tools Window Help

Reports | QL | % Help

afo | Ciata Entry -

Converted Photo Scores

Fosition Date Replicate Fhoto Score Stage Position Status
[EEEN [oeanD3 [ a | - [ Warvi |
| FhdPeni IDB-Jan-03 | b | -3 | ol |

b)
Fig. 7.3.3.ii. a) SEAbase Photo Assessment Data Entry form; b) SEAbase Converted Photo Data form.

Data for photo assessments is added in a similar manner. Select a position ID from the drop down
menu, insert the date and position status. Feature scores can be entered. As photo’s are based on
single grab samples covering relatively small surface areas, there is the option to add more than
one replicate, to get a broader representation of the sediment condition. Replicates are usually ‘@',
‘b, ‘¢’ etc. For each replicate, the feature scores are added by clicking on the appropriate check
box. Comments can be added for each replicate. Any number of replicates can be included, the
overall photo score for that position on that day will be calculated as the average of all replicates. To
view examples of the features, click on the ‘View Example Photos’ command button. To convert the
data to a photo score, click on the ‘Convert/View Photo Scores’ command button. This runs a similar
query to that described for the video assessment, where weightings are applied to the feature
scores and the overall photo score calculated. The Converted Photo Score form opens
automatically, showing photo scores and impact stage for all replicates at that position on that date.
To view the photo scores for that position over all dates, go to reports.
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iii) Simple Fauna Assessment Data Entry

El Microsoft Access - [frmSimpleFaunaDataEntry ]
J Ble Edit Wiew Insert Format Records Tools Window Help

J Main Menu ‘ Site Info | Data Entry - | Reports | Quit ‘ R Help

T Simplified Faunal Assessment .
5 ew | converted to stage
ata

Simple Fauna Measures Key Indicator Organisms

Position ID -
Number of Species (Range) - Crustaceans (Apseudes)
Date 01-Jul-04 ‘
Position Stats l—_[ Number of Species (Actual) Crustaceans (Ampelisca)
osition atus - i ‘
No. of Individuals (Range) l—;[ Capitellid Worms

Crustaceans (Nebalia)

No. of Individuals (Actual) Brittle Stars

Bivalve (Corbula)

Comments: I ‘iew Fictures of | Divalve (Theora)
Key Organisms | Heart Urchins

I

E Microsoft Access - [frmSimpleFaunaGonverted]
J Fle Edit Wiew Insert Format Records Tools Window Help

J Main Meriul ‘ Site Info | Data Entry - | Reports | Quit ‘ 7 Help

SEAbase

Simplified Faunal Assessment - Summary

Paosition Im_

Date lm

Paosition Status l—

Number of Species (Actual) l— Stage l—
Number of Species (Categories) ISame as Ref Stage IWI or X

Number of Individuals {(Actual) Stage

Number of Individuals (Categories) |<EUUEI orsame a5 ref  Stage |WI or VI

Key Indicator Species - Stage I/l or IX

calculated from species present

b)

Fig. 7.3.3.iii. a) SEAbase Simple Fauna Assessment Data Entry form; b) SEAbase Converted Simple Fauna
Data form.

To enter simple faunal assessment data, select the position from the drop down list, enter the date
and position status. Not all options within the simple fauna assessment need to be completed. If
only the number of species has been recorded, simply add this data and leave the rest blank.
Similarly for the number of individuals, or key indicator species. For both the number of species or
number of individuals, there are two options; total number can be entered abundance and number
of species can be categorised. Key indicator organisms can be assessed and selected from a drop
down list. Comments can also be added. Pictures of key indicator organisms can be viewed by
clicking the ‘View Pictures of Key Organisms’ command button. ‘View data converted to stage’
command button opens the Simple Fauna Converted Data form Fig. 7.3.3.iiib), showing the
recorded data for that position on that date and the related impact stage.
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iv) Benthic Fauna Assessment Data Entry

K Microsoft Access - [frmFaunalataMainForm]
J Eile Edit wiew Insert Format Records Tools Window Help

J Main Meri | Site Info | Data Entry - | Reports ‘ it ‘ R Help

Full Benthic Faunal Analysis
Add New |
Data Pusition -| Position Status -
Date 01-Ju-04 ~ Sample Technique & ‘“anweenGrab ' DiverCore
Species ID Replicata: Scientific Name Number Caught
Record: 14 « 1 v v ]r#] of 1 « | |

Fig. 7.3.3.iv. SEAbase Benthic Fauna Data Entry form.

The option to enter data from analysis of the full benthic community structure has been included.
Many company'’s either already have this information from previous assessments or may wish to
store subsequent assessments. To enter benthic fauna data, select the position from the drop down
list, enter the date and position status. Select the sample technique — at present the options
available are van veen grab or diver core. Defining the sampling technique enables the database to
calculate the number of individuals per square metre for reporting purposes. Enter the Species
identification (either the scientific name and/or a species identification code), replicate and number
caught. As with the assessment of benthic photos any number of replicates can be added. The
results presented in reports are an average of all replicates for a position on any given date.

V) Redox Potential Data Entry

wiew Insert Format Records Tools Window Help

Site Info | Data Enfry - | Reports | quit | R Help

SFAbase

Redox Data Entry Ferm

Position ID I -

Date I D1 Convert data using
Puosition Status I -I calibration (and view

Redox Data i i

Feplicate Calibration 'H'Electrode Reference Temperature Cotrection Redox (in')

245 220

Record: 4] 4| 1 e wiles] of 1
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bs - [frmRedoxConversion]

Insert Format Records Tools Window Help

nif | Data Entry ~ | Reports | QLit | R Help

SEAbase
Redox Converted Data
Position 1D Date Replicate RedoxConverted Stage Position Status
AlPenl | INadeE | = | 1740 | [ |
| AQPenT | 04-Feh-03 | b | 190 | I |
| AQPenl | 04-Feh-03 | = | 172 | I |

b)
Fig. 7.3.3.v. a) SEAbase Redox Data Entry form; b) SEAbase Converted Redox Data form.

To enter redox potential data, select the position from the drop down list, enter the date and the
position status (stocked, empty or reference). Redox potential can be measured for one or more
replicate cores at any given time. For each replicate a unique identification (typically ‘a’, ‘b’ etc.) is
entered, followed by the calibration value (mV) and the uncorrected redox value (mV). Two other
values are also required — the correction for the ‘H’ Electrode reference and temperature.
Information command buttons (‘') above each of these fields describe how to determine these
values. In most instances, the default values will apply, these will only change if the temperature at
which sampling is undertaken changes markedly (for further information see the field manual). To
convert the uncorrected redox value to a meaningful measure, use the ‘Convert data’ command
button. This runs a query that applies the calibration and opens the Redox Converted form, showing
the converted redox (mV) and impact stage for all replicates at a given position on any specified
time.

Vi) Sulphide Concentration Data Entry

bs - [frmSulphideCalib]

Insert Format Records Tools Window Help

nfo | DataEntry - | Reports | Quit | % Help

Sulphide Calibration Data

are entering sulphide data,
must first create a

bration D, by entering the
hration data for those

lpo\ﬁss*'l'oon?;;e?: greo\i\lf S::& Calibration ID IAutuNumber) Add/View

T, Th_e calibrati_on D Wt Na?S used (g) I Sulphide Data [
et by et et c1 I

il onerte @2 -

nyou enteryour sulphide
ES

a)
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Access - [frmSulphideDataMainForm]

it View Insert Format Records Tools Window Help

u | Site Info ‘ Data Enty - ‘ Reports ‘ Quit ‘ ? Help

? SEAbase

Sulphide Data Entry Farm

Paosition ID I -

Date I 07-Jul-04
Position Status I -

Sulphide Data

Calibration ID Replicate Sulphide {mV)

2l

Convert Data
using Calibration
(and view)

Record: 14] « 1| deuir#] of 1

Access - [frmSulphideConverted]

it Miew Insert Format Records Tools Window Help

u | Site Info | Data Entry - ‘ Reports ‘ QuIt | % Help

SEAbase

Converted Sulphide Data

FositionlD: Date: Replicate: Sulphide Concentration (52(uM)) Stage

[EEEE [5Fes03 o [ 105 [ lar %
A0Fen EFeb-03 b 158 1411 or 13
| | | | |

|AQPen2 | 5-Feb-03 |c | 075 | I#1 or X

©)

Fig. 7.3.3.vi. a) SEAbase Sulphide Calibration Data Entry form; b) SEAbase Sulphide Data Entry form; c)
SEAbase Converted Sulphide Data form.

Sulphide is also recorded from cores and usually more than one replicate will be taken. When
determining sulphide concentration, calibration of the probe is necessary and this should be done
prior to each sampling event. Calibration values need to be recorded on the first of the sulphide data
entry forms. Calibration ID is an automatically generated number. This number is a reference and is
needed when entering the sulphide data. To add sulphide concentration values, click the ‘add/view
sulphide data’ command button. Select the required position from the drop down list, enter the date
and position status. Then select the appropriate calibration ID from the drop down list, add the
replicate (typically ‘a’, ‘b’ etc) and the raw sulphide value (mV). Any number of replicates can be
added. To convert the field sulphide values to meaningful measures, click the ‘convert data’
command button. This runs a query (SUQuery), linked to an excel spreadsheet. For this reason, the
table SUQuery must be linked to the database. If it is not an error message will appear.



Guide to the assessment of sediment condition

To link the table, simply follow these steps:

1. Open SEAbase

2. Goto File: Get External Data: Link Tables

3. Find the location of the Sulphide Excel File (make sure you have the ‘Files of Type' set to
Microsoft Excel)

Select FieldGuide_Sulphide.xls and click on ‘Link’

Select the worksheet SUQuery — click Next

Check that the ‘First Row Contains Column Headings' is selected - click Next

Accept default name - click Finish

~No ok~

After clicking the “convert data” command button, the converted sulphide form should open. This will
show the converted sulphide values for all replicates on any given position on the date entered, and
the associated impact stage. To view the average of the replicate sulphide values for this position
over time, go to the reports.

vii) Production Information

Access - [frmProductionDataMainForm]
it Wiew [nsert Format Records Tools Window Help

u ‘ Site Info | Data Entry = | Reports | Quit | B Help

SEAbase

PRODUCTION INFORMATION

Paosition 1D mm 'I

Production information for above position

Date Feed Input Biomass

[20-Feb-0z | 121 395095

[21-Feb-0z | BEl 39756

[2e-Fen-0z | 170 38076

[23-Feb-0z | 289 | 40055

|24-Feb—02 | 311 | 40313

|25-Feb—[l2 | 185 | 40454
Irmport data frorm
|25-Feb—[l2 | 312 | 40650 Excel/other

database

[27-Few-0z | 230 | 40829
| M= o1E [ ANAga LI
Record: 14| < | 1 Lri|v#] of 248

Fig. 7.3.3.vii. SEAbase Production Information Data form.

The second option in the data entry main form is production information. This option has been
included as it enables the viewing of production information in conjunction with sediment condition
data. Data can be entered in one of two ways, either directly using SEAbase or by importing the
data from another database or spreadsheet. To enter data directly select the appropriate position
then enter the date, feed input and biomass. To import data, the command button ‘import data’
needs to be linked to a macro, which will import data from the specified source. The only
requirement is that the table in the specified data source needs to match that identified in SEAbase.
Consequently this linkage should be set up by someone experienced in the operation of Access. If
you have any difficulty with this please contact Susan Forbes or Catriona Macleod (TAFI) (ph: (03)
6227 7277).
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viii) Water Quality Information

frmErvDataMainForm |
e

i+ Tools Window Help

Data Entry - | Reports | Quit| 2 Hep

orts | Quit

‘ ? Help
SEAbase
SEAbase VIR ORMATION
Water Quality Data = —
[oFez [ [ i I 7
: = § [Fetz [ [ [ & [ B
!-Temperature and Dissolved Oxygen; =l el w— = [ -
etz [ [ [ & [ B
OR s el o I 3 S
Uk Excel/othe:
[oFet [ [ [ B [ g detabose
Phytoplankt [Pemdt [ LI I
L [ [ | [ p
Record: 1a] o | v fnfe]

a) b)

mat Records Took Wiidow Help
Eriry - | Reperts | Que | ¥ Hep

SEAbase
Phytoplankton Data Entry

Date Time | Depth Species

r-r—r—r

©)

Fig. 7.3.3.viii. a) SEAbase Water Quality Data Main form; b) SEAbase Temperature and Dissolved Oxygen
Data Entry form; ¢) SEAbase Phytoplankton Data Entry form.

Currently SEAbase is set up to record and store temperature, dissolved oxygen and phytoplankton
information.

Temperature / Dissolved Oxygen Data Entry

The procedure for entering temperature and dissolved oxygen data in SEAbase is similar to that for
production data. Data can be entered by scrolling down to the next available line (once the site is
selected) (Note: individual positions are not available as this data is generally collected only for
entire sites/leases). Enter the specific time and depth on any given date. It is also possible to import
this data from an external data storage system, by linking the ‘import data’ command button to a
macro to import the data, in the same way that the production information can be imported.

Phytoplankton Data Entry

To enter phytoplankton data, select the lease and/or position from the drop down lists. Then enter
the date, time, depth and plankton species recorded.
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7.3.4  Producing Reports

licrosoft Access - [frmReportsHome : Form]
Fle Edit Wiew Insert Format Records Toolks Window Help
ain Menu | Site Infio | Data Enfry - | Reports | QLit | ? Help

SEAbase - REPORTS

You have three options for producing reports...

1. View All Positions from All Leases |2, Select Lease OR 3. Select Positions |

1. Produce a Report on All Positions

from All Leases Summary Report

Video Assessment Report

Photo Assessment Report

Simple Fauna Report

Benthic Fauna Repart

(or leave blank to show results for
all dates) Sulphicle Concentration Report

Redox Potential Report

Production Report

Wyater Cluality Report (DO/Temp)

Fhytoplankton Report

Reports | QLit | R Help

SEAbase - REPORTS

ain Menu | Site Info | Ciata Enfry -

You have three options for producing reports...

1. View All Positions from All Leases 2. Select Lease OR 3. Select Positions |

Summary Repor
2. Select a lease and date range IR

Date Range: Viden Azzessmer

Start date

{or leave blank to show results for
all dates)

Phata Assessmer

Simple Fauna Assess

Eenthic Infauna Reg
Redox Paotential Reg
Sulphide Concentration
Production Repor
Water Quality Report (DO
Fhytoplankton Repe
View Datasheets

b)

Fig. 7.3.4.i. a) SEAbase Report Form — produce a report on all positions from all leases; b) SEAbase Report
Form - produce a report on selected lease/positions.
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There are several options for producing reports. Reports can be produced for any of the available
data entry options, or for a combination or summary reports (e.g. combination of production
information and video scores).

Option 1. Reports for all positions in all leases. Any date range can be selected (the end date of the
range will be the current date by default). To view all available data, leave the start date blank and
use the command buttons to the right of the screen to produce the selected report.

Option 2. Report for all positions in a selected lease, or up to 6 selected positions from any lease (or
a combination of both). Click on the tab labelled 2. Select lease OR 3. Select Position’. A lease can
then be selected from the drop down list, or up to 6 positions can be selected using drop down lists.
If all positions in one lease are required, plus several positions from other leases, a combination of
the two can be used (e.g. Select lease ID and other position ID’s). It is also possible to enter a date
range. To view all data from all dates, leave the start date blank. Then use the command buttons to
select the required report. It is also possible to view the raw datasheets, by clicking on the ‘view
datasheets’ command button.

SEAbase REPORT
Video Assessment

Impact & Recovery Stages - Aquafin CRC Project 4.1
Stage

Stage Category [Stage Description - 0
| Unimpacted No evidence of impact Video Categones

Il Minor Effects Slight infaunal & community change observed Stage Video Score

1 Moderate Effects |[Clear change in infauna & chemistry | >5

v Major Effects (1) |Major change in infauna & chemistry

\4 Major Effects (2) |Bacterial mats evident, outgassing on disturbance Ilor IX 25105
VI Severe Effects  |Anoxic/abiotic, spontaneous outgassing 11 or VI 0to 25

VIl Major Effects Monospecific fauna, major chemistry effects .IV/V or VIl |0to-10

Vil Moderate Effects |Fauna recovering, chemistry still clearly effected
IX Minor Effects Largely recovered, although slight faunal/chemical effects still apparent \ <-10

Date Range Selected: 1/02/2002 to 1/03/2003
Lease: AQ
Position: AQPen2

=
o

o
8 s
2}
g s
e}
< -10

-15

Mar02 Apr02 May02 Jun02 Jul02 Aug02 Sep02 Oct02 Nov02 Dec02 Jan03 Feb03

Date Video Score Stage Gas Bubbles Beggiatoa Feed/Faeces
05-Mar-02 -8 IVIV or VII Present (on disturbance)  Patchy Beggiatoa Few
05-Apr-02 -12 VI Present (on disturbance) Thin Mat Few
05-Jul-02 -18.5 VI Present (on disturbance) Thick Mat Few
05-Dec-02 -4.5 IVIVor VI Absent Absent Absent

a) 05-Feb-03 45 Ilor IX Absent Absent Absent
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b)

SEAbase REPORT
Summary Report

Impact & Recovery Stages - Aquafin CRC Project 4.1

Stage|Stage Category |Stage Description

I Unimpacted No evidence of impact

1l Minor Effects Slight infaunal & community change observed

i Moderate Effects |Clear change in infauna & chemistry

v Major Effects (1) |Major change in infauna & chemistry

\ Major Effects (2) |Bacterial mats evident, outgassing on disturbance
\ Severe Effects Anoxic/abiotic, spontaneous outgassing

Vil Major Effects Monospecific fauna, major chemistry effects

VI Moderate Effects |Fauna recovering, chemistry still clearly effected
IX Minor Effects Largely recovered, although slight faunal/chemical effects still apparent

Date Range Selected: 1/04/2002 to 1/08/2003

Lease: AQ

Position: AQPen2
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Fig. 7.3.4.ii. Example Reports from SEAbase. a) Video Assessment Report; b) Summary Report, showing
production, video scores and photo scores.
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7.3.5  View Data Sheets

Microsoft Access - [rmOpenDatasheets : Form]
J Ble Edit Wiew Insert Format Records Tools Window Help

Reports | Quit | DataSheets | ® Help

SEAbase - DataSheets

J Main Meru | Site Info | Data Entry -

Open datasheets for any of the following:

Lease Information Yideo Assessment Data

Position Information Photo Assessment Data

Water Quality Data

Phytoplankton Data Sulphide Concentration Data

Redox Potential Data |

Production Data | Simple Fauna Assessment Data
Sample Details |

Fig. 7.3.5. SEAbase View Datasheet Main form.

Datasheets can be accessed either through the reports home or using the customised toolbar at the
top of the page. You can then access almost all the datasheets that make up SEAbase BUT be
careful as you can actually change data here.
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7.4 Data Recording Sheets

7.4.1  Field Data Recording Sheet

Required

Sample | processing
Equip.

DO
(mg/L)

D
(ppm)

Temp
(°C)

Depth
(m)

Time

Easting | Northing

Position

Lease

Date
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7.4.2 Video Assessment Data Recording Sheet

Date
Lease

Position

1. Gas bubbles

2. Sediment Colour
3. Beggiatoa

4. Pellet/sFaeces
5. Debris

6. Burrows

7. Worm Tubes

8. Faunal Tracks
9. Algal Cover

10. Brittlestars

11. NZ Screw Shell
12. Dog Whelks
13. Sea Slugs

14. Heart Urchins
15. Squat Lobsters
16. Epibenthic Crusts.
17. Echiurans

18. Fish

19. Other Crustaceans

20. Seastars
21. Other Fauna

. Gas Bubbles — Scoring: 0-Absent; 1-On disturbance; 2-Spontaneous outgassing.

. Black/Grey Sediment — Scoring: 0-Normal; 1-Not normal (grey/black as compared to ref).
. Beggiatoa — Scoring: 0-Absent; 1-Patchy; 2-Thin mat; 3-Thick mat.

. Pellets/Faeces — Scoring: 0-Absent; 1-Few; 2-Many; 3-Feed spill.

. Debris — Scoring: 0-Absent; 1-Present.

. Burrow Density - Scoring: 0-Absent; 1-Few; 2-Many; 3-Dense.

7. Worm Tubes / 8. Faunal Tracks — Scoring: 0-Absent; 1-Present.

9. Algal Cover - Scoring: 0-Absent; 1-Sparse; 2-Moderate; 3-Dense.

10. Brittlestars — Scoring: 0-Absent, 1-Present.

11 - 21 (all other faunal categories) — Scoring: 0-Absent, 1-Few; 2-Many.

ook, WM
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7.4.3  Photo Assessment Data Recording Sheet

Date

Lease

Position

Replicate

1. Introduced bivalve
2. Capitellids

3. Other Worms

4. BrittleStars

5. Heart Urchins

6. SeaSlugs

7. Mussels

8. Dog Whelks

9. Other Inverts

1. Introduced Bivalve — Scoring: 0-Absent; 1-Few; 2-Many.

2. Capitellid Worms — Scoring: 0-Absent; 1-Few; 2-Many; 3-Whole Sample.
3. Other Worms - Scoring: 0-Absent; 1-Few; 2-Many.

4. Suspension Feeders (e.g. Brittlestars) — Scoring: 0-Absent; 1-Present.
5. Heart Urchins - Scoring: 0-Absent; 1-Few; 2-Many.

6. Sea Slugs - Scoring: 0-Absent; 1-Few; 2-Many.

7. Mussel Shells — Scoring: 0-Absent; 1-Few; 2-Many.

8. Nassarid Gastropods (Dog Whelk) — Scoring: 0-Absent; 1-Few; 2-Many.

9. Other Invertebrates- Scoring: 0-Absent; 1-Few; 2-Many.
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74.4

Redox Potential Data Recording Sheet

Date

Lease

Position

Replicate

Calibration

H Electrode
Reference

Temp
Correction

Redox (mV) at
3cm
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Sulphide Concentration Assessment Data Recording Sheet

7.4.5
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7.4.6

Date:
Lease:
Position:
Replicate:

Sample Technique (Van veen grab or diver core / size):

Fauna Assessment Data Recording Sheet

ID code

Spp Name

No Caught
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7.4.7  Simplified Fauna Assessment Data Recording Sheet

No. Spp (range possibilities) No. Indivs (range possibilities)
a Same as ref a Same as ref
b >50% of ref b 20x ref
C <50% of ref C 50x ref
Simple Fauna Measures Key Indicator Organisms (present- yes or no)

Date Lease  Position

INo Spp (Range)

No Spp (Actual)

No Indivs (Range)

No Indivs (Actual)
[Crustaceans (Apseudes)
[Crustaceans (Ampelisca)
Capitellids

Crustaceans (Nebalia)
Brittlestars

Bivalve (Corbula)
Bivalve (Theora)

Heart Urchins
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8

CRC
CSIRO
DPIWE
EDTA
Eh
FRDC
GPS
ROV
S=
SAOB
TAFI

9

Glossary

Centre for Research

Commonwealth Scientific and Industrial Research Organisation
Department of Primary Industries, Water and Environment
Ethylene diamine tetra - acetic acid

Redox Potential

Fisheries Research and Development Corporation

Global Positioning System

Remotely Operated Vehicle

Sulphide Concentration

Sulphide Anti-Oxidant Buffer

Tasmanian Aquaculture and Fisheries Institute

Contact Details

For help, please contact the following:

Text/Database Assistance:
Susan Forbes or Catriona Macleod, TAFI, University of Tasmania (Ph: (03) 6227 7277);

Geochemical Biomarkers:
John Volkman, CSIRO (Ph: (03) 6232 5222);

Microbial Analyses:
Chris Burke, School of Aquaculture, University of Tasmania (Ph: (03) 6324 3801);

Copies of Final Report (Project 4.1):
Aquafin CRC (Ph: +61 8 82902303);

Additional copies of field manual / IP and Database application:
Aquafin CRC (Ph: +61 8 82902303).



Guide to the assessment of sediment condition

10  Bibliography

Black, K.D. 2001. Environmental impacts of aquaculture. Sheffield Academic Press Ltd, U.K.

Braaten, B. 1991. Impact of pollution from aquaculture in six Nordic ountries. Release of nutrients,
effects, and waste water treatment, pp79-102. In DePauw, N. and Joyce, J. (eds.) Aquaculture and
the environment. European Aquaculture Society Special Publication No.16, Gent, Belgium.

Brown, J.R., Gowen, R.J. and McLusky, D.S. 1987. The effect of salmon farming on the benthos of
a Scottish sea loch. Journal of Experimental Marine Biology & Ecology. Vol. 109 : 39-51.

Brooks, K.M., Stierns, A.R., Mahnken, C.V.W. & Blackburn, D.B. 2003. Chemical and biological
remediation of the benthos near Atlantic salmon farms. Aquaculture 219, 355-377.

Crawford, C.M., Mitchell, .M. & Macleod, C.K.A. 2001. Video assessment of environmental impacts
of salmon farms. ICES Journal of Marine Science 59, 433-463.

Crawford, C.M., Macleod, C.K.A. & Mitchell, .M. (2002) Evaluation of techniques for environmental
monitoring of salmon farms in Tasmania. TAFI Technical Report No.8. January 2002. Tasmanian
Aquaculture & Fisheries Institute — University of Tasmania, Hobart, Australia.

Cheshire, A., Westphalen, G., Smart, A. and Clarke, S. 1996. Investigating the environmental
effects of sea-cage tuna farming. II. The effect of sea-cages. Final report to Fisheries Research and
Development Corporation. Project number 94/091. Department of Botany, University of Adelaide,
Australia.

Findlay, R.H., Watling, L. & Lawrence, M.M. 1995. Environmental impact of salmon net-pen culture
on marine benthic communities in Maine: a case study. Estuaries 18 (1A), 145-179.

Gowen, R.J., Brown, J.R., Bradbury, N.B. and McLusky, D.S. 1988. Investigation into benthic
enrichment, hypernutrification and eutrophication associated with mariculture in Scottish coastal
waters (1984-1988). Dept. Biological Science, University of Stirling. p.289.

Hargrave, B.T., Duplisea, D.E., Pfeiffer, E. and Wildish, D.J. 1993. Seasonal changes in benthic
fluxes of dissolved oxygen and ammonium associated with marine cultured Atlantic salmon. Marine
Ecology Progress Series. Vol.96 : 249-257.

Hargrave, B.T., Phillips, G.A., Doucette, L.I., White, M.J., Milligan, T.G., Wildish, D.J. and Cranston,
R.E. 1997. Assessing benthic impacts of organic enrichment from marine aquaculture. Water, Air,
and Soil Pollution. Vol.99 : (1-4) 641-650.

Holmer, M. & Kristensen, E. 1992. Impact of marine fish farming on metabolism and sulphate
reduction of underlying sediments. Marine Ecology Progress Series. 80, 191-201.

lwama, G.K. 1991. Interactions between aquaculture and the environment. Critical Reviews in
Environmental Control. Vol.21 (2) : 177-216.

Johannessen, P.J., Botnen, H.B. & Tvedten, O.F. 1994. Macrobenthos: before, during and after a
fish farm. Aquaculture and Fisheries Management. 25, 55-66.

Karakassis, I., Hatziyanni, E., Tsapakis, M. & Plaiti, W. 1999. Benthic recovery following cessation
of fish farming: a series of successes and catastrophes. Marine Ecology Progress Series. 184, 205-
218.



Guide to the assessment of sediment condition

Levings, C.D., Helfield, J.M., Stucchi, D.J. & Sutherland, T.F. 2002. A perspective on the use of
performance based standards to assist in fish habitat management on the seafloor near salmon net
pen operations in British Columbia. DFO Canadian Science Advisory Secretariat Research
Document 2002/075. pp.59 [On line]. Available: http://www.dfo-
mpo.gc.ca/CSAS/CSAS/English/Research_Years/2002/2002_075e.htm [18 March 2003] Ottawa,
Canada.

Love, G. and Langenkamp, D. 2003. Australian Aquaculture: Industry profiles for selected species.
ABARE Report. .http://www.abare.gov.au/pages/products/products.htm.

Lu, L. and Wu, R.S.S. 1998. Recolonization and succession of marine macrobenthos in organic-
enriched sediment deposited from fish farms. Environmental Pollution. Vol.101 : 241-251.

Lumb, C.M. 1989. Self-pollution by Scottish salmon farms? Marine Pollution Bulletin. Vol.20 (8) :
375-379.

Macleod, C.K. 2000. Techniques for farm-based assessment of sediment health associated with the
commercial culture of Atlantic salmon (Salmo salar L.) in Tasmania. MSc Thesis, University of
Tasmania, Australia.

Macleod, C.K.A., Mitchell, .M., Crawford, C.M. & Connell, R.D. 2002. Evaluation of sediment
recovery after removal of finfish cages from marine farm lease no.76 (Gunpowder Jetty), North West
Bay. TAFI Technical Report No.13. January 2002. Tasmanian Aquaculture & Fisheries Institute —
University of Tasmania, Hobart, Australia.

Macleod, C.K., Crawford, C.M., & Moltschaniwskyj, N.A. 2004. Assessment of long term change in
sediment condition after organic enrichment: defining recovery. Marine Pollution Bulletin (in Press).

McGhie, T.K., Crawford, C.M., Mitchell, .M. & O'Brien, D. 2000. The degradation of fish-cage waste
in sediments during fallowing. Aquaculture. 187, 351-366.

Morrisey, D.J., Turner, S.J. & MacDiarmid, A.B. 1998. Subtidal assemblages of soft substrata. In
Kingsford, M. & Battershill, C. (eds) Studying Temperate Marine Environments. A Handbook for
Ecologists. 194-226. CRC Press LLC, Boca Raton, Florida.

Pearson, T.H. and Rosenberg, R. 1978. Macrobenthic succession in relation to organic enrichment
and pollution of the marine environment. Oceanography and Marine Biology: an Annual Review.
Vol.16 : 229-311.

Ritz, D.A., Lewis, M.E. & Ma Shen, 1989. Response to organic enrichment of infaunal macrobenthic
communities under salmonid seacages. Marine Biology. 103, 211-214.

SEPA. 1998. Regulation and monitoring of marine cage fish farming in Scotland. A Procedures
Manual. Version 1. Scottish Environmental Protection Agency, Stirling, UK.

Snelgrove, P.V.R. and Butman, C.A. 1994. Animal-sediment relationships revisited: cause versus
effect. Oceanography and Marine Biology: an Annual Review. Vol.32 : 111-177.

Weston, D.P. 1990. Quantitative examination of macrobenthic community changes along an
enrichment gradient. Marine Ecology Progress Series. 61, 233-244.

Wildish, D.J. & Cranston, R.E. 1997. Assessing benthic impacts of organic enrichment from marine
aquaculture. Water, Air, and Soil Pollution. 99 (1-4), 641-650.


http://www.abare.gov.au/pages/products/products.htm

Guide to the assessment of sediment condition

Wildish, D.J., Akagi, H.M., Hamilton, N. & Hargrave, B.T. 1999. A recommended method for
monitoring sediments to detect organic enrichment from mariculture in the Bay of Fundy. Canadian
Technical Report of Fisheries and Aquatic Sciences No.2286. p.31.

Woodward, I.0., Gallagher, J.B., Rushton, M.J., Machin, P.J. and Mihalenko, S. 1992. Salmon
farming and the environment of the Huon estuary, Tasmania. Technical Report No.45. Department
of Primary Industry, Fisheries and Energy, Tasmania, Australia. p.58.

Wu, R.S.S. 1995. The environmental impact of marine fish culture — towards a sustainable future.
Marine Pollution Bulletin. 31, 159-166.



	Edited by Catriona Macleod & Susan Forbes
	SEAbase developed by Susan Forbes

	Minimum Hardware / Software Requirements for SEAbase CD
	1 Introduction
	1.1 Background To Original Study
	1.2 Previous Research on Sediment Recovery

	2 Aims & Scope of the Original Study
	3 Findings & Recommendations
	3.1 Benthic Community Assessment
	3.2 Comparison of Other Techniques
	3.3 Site Specific Conclusions (Regional variability)
	3.4 Integrated Management Model

	4  Summary of Key Findings and Recommendations
	5 Recommended Techniques
	5.1 Overview of Techniques
	5.2 Methods and Application
	5.2.1 Field Sampling
	i) Benthic Sediment Sample Collection
	ii) Video Assessment
	iii) Sediment Core Collection

	5.2.2 Laboratory/Shore Based Processing of Samples
	i) Faunal Assessments
	ii) Quantitative Visual Assessment
	iii) Redox Potential and Sulphide Concentration
	iv) Other Techniques
	v) Data Management (SEAbase)



	6 Important Notes
	7 Appendices
	7.1 Photo guide to key indicator organisms.
	Visual characterisation criteria for Visual Assessments
	7.2.1 Guide to Video Assessment Features
	Guide to Photo Assessment Features

	7.3 Guide to using SEAbase
	7.3.1 Introduction
	7.3.2 Site Information
	7.3.3 Data Entry
	i) Video Assessment Data Entry
	ii) Photo Assessment Data Entry
	iii) Simple Fauna Assessment Data Entry
	iv)  Benthic Fauna Assessment Data Entry
	v) Redox Potential Data Entry
	vi) Sulphide Concentration Data Entry
	vii) Production Information
	viii) Water Quality Information

	7.3.4 Producing Reports
	7.3.5 View Data Sheets

	7.4 Data Recording Sheets
	7.4.1  Field Data Recording Sheet
	7.4.2  Video Assessment Data Recording Sheet
	7.4.3  Photo Assessment Data Recording Sheet
	7.4.4  Redox Potential Data Recording Sheet
	7.4.5  Sulphide Concentration Assessment Data Recording Shee
	7.4.6  Fauna Assessment Data Recording Sheet
	7.4.7  Simplified Fauna Assessment Data Recording Sheet


	8  Glossary
	9  Contact Details
	10 Bibliography

