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Introduction

On the 19" July, 2006, the Marine Futures team, along with over 40 marine
scientists and resource managers, participated in a workshop to find what has often
been referred to as the Holy Grail of marine resource management. The ‘quest’, or
objective of the workshop, was essentially to (i) identify a range of candidate
biodiversity attributes that could be used as indicators and (ii) examine the various
methods of sampling marine biodiversity in relation to these indicators. The
participants brought significant expertise with respect to their knowledge of WA's
marine biodiversity and all participants were also provided with workshop briefing
documents’. The information gathered from the workshop was primarily aimed at
assisting the Marine Futures team in designing the biodiversity sampling regime and
facilitating the development of habitat-biodiversity models within the Marine Futures
project. The other key function of the workshop was to enable an exchange of
information between key researchers in WA, which will now enable information/data
from Marine Futures to ‘feed into’ / collaborate with a number of other existing and
future projects and research and management institutions relating to marine resource
use in WA.

The Marine Futures team is now using the outcomes from this wor kshop to

develop a biodiversity sampling plan.

The Marine Futures Project
The Marine Futures project is a partnership between Natural Resource

Management (NRM) regional councils, Australian and Western Australia State
Governments, university researchers and industry. The project’s focus is on mapping
the dominant marine habitats and conducting biodiversity surveys in order to
enhance and expand our understanding of the marine environment. It is the largest
marine resource management investment by the Natural Heritage Trust in Western
Australia to date, and has an array of outcomes which will be useful for many key
stakeholders.

First, using state-of-the-art technology, the Marine Futures project is
producing detailed maps of the seafloor at the selected sites. Each map will be state-
of-the-art, and will provide information on the distribution and extent of the different

habitats and the organisms associated with them. To produce these maps, the team

! Available from Heather Taylor by request (marinefutures@uwa.edu.au)



undertakes a series of hydroacoustic, towed video and biodiversity surveys at sites
scattered down the west and south coast of WA. The project expects to generate
maps for approximately 1,000 km? of WA’s marine environment.

The habitat maps and biodiversity information will be used to develop a
practical and cost-effective “how-to” guide for monitoring the condition of key marine
resources based on a strong understanding of what the identified indicators tell us
about the marine environment and the influence of human activities has upon marine
systems.

In addition to these information outcomes, community capacity for marine
resource management will be increased by the project through awareness building
programmes that form a key part of the study. There will also be a focus on
community participation in the priority setting and research as well as the collection of
data.

These outputs will form the basis for identifying key marine indicators and
supporting regional NRM groups in establishing targets for maintaining the quality of
their marine ecosystems. Upon its completion in June 2008, this project will produce
the first comprehensive cross-regional assessments and maps of key southern and

western WA marine habitats.

Biodiversity and Marine Futures

There are literally thousands of marine species living in the depth range of 10
to 100m in the Marine Futures study areas. Many of the larger of these species, such
as commercial targeted fish, are reasonably well known and readily identified.
Others, such as sponges, have been little studied and there are large gaps in our
knowledge. Smaller species (one to several centimetres) are very poorly known
generally. The Western Australian series of international marine biological workshops
has documented thousands of species at the five sites at which workshops have
been held. Which to choose as potential indicators?

As highlighted in the previous section, a significant outcome of the Marine
Futures project is to provide benchmark data for key marine habitats and resources
between Eucla and Kalbarri. The project is generating two base sets of data :

(1) Detailed habitat maps at the selected sites and
(2) Biodiversity attribute(s) associated with these sites.

The habitat data set is well specified with respect to the types of information

included. However, the choice of biodiversity attributes, which may related to species

or higher taxa and functional groups (abundance, size etc.), or communities



(diversity, trophic index), is more complex. Hence the workshop was used as a
means to tease out all of the main issues and key indicators — both good and bad —
which could be used in the project to provide the Marine Futures team (and the
associated team partners) with an understanding of the marine environment (i.e.
developing benchmarks).

The purpose of collecting these data, in addition to the provision of
benchmarks, is to identify candidate resource condition indicators and support the
development of resource condition targets. As Marine Futures is funded from the
Natural Heritage Trust, there is a requirement for the project to be consistent with the
nationally agreed standards and targets terminology?.

As candidate indicators, biodiversity attributes effectively fall into three
categories for the purposes of the Marine Futures project. These are:

(1) Biodiversity attributes that are strongly correlated w ith other
biodiversity attributes . Such correlations might include species or functional groups
that predict assemblage diversity or higher level taxa or correlations across
taxonomic groups (e.g. relationships between urchins and fish). Such correlations
provide compositional indicators by reducing the amount of effort / cost required to
fully characterise marine communities of interest.

(2) Biodiversity attributes that are strongly correlated with habitats. Such
correlations provide compositional indicators of what species, assemblages,
functional or structural groups are associated with specific habitats. Related to these
correlations are biodiversity attributes that signal natural environmental variability and
thus indicate either temporal or spatial structure in the attribute of interest.

(3) Biodiversity attributes that are strongly correlated w ith human
activities. Such attributes may include any of the biodiversity attributes of interest in
(1) and these correlations provide conditional indicators  of the influence of human
activities on the marine environment.

2 This terminology is described in the National Standards and Targets Framework as discussed below. A
copy of the Framework can also be found at http://www.nrm.gov.au/monitoring.




The Workshop Process

(1) A General Introduction by Dr Jessica Meeuwig on the
Marine Futures project;
An overview of biodiversity indicators; and

Objectives (and process) for the day

(2) Working Group Session 1: Participants broke down into four working groups:
Benthic primary producers
Macro-invertebrates
Finfish
Habitat/ Community Metrics
All workshop participants had nominated a group in which their expertise/ interests lie
prior to the workshop. Also, each of the groups had its own team/ group leader and
scribe to facilitate the table conversations. Each team leader fed key points back to

the whole workshop at the end of the session.

(3) Working Group Session 2 : Following on from the group work in the morning,
participants returned to their groups to identify appropriate biodiversity sampling
methods. Once again, team leaders shared the key finding with the broader

workshop group at the end of the session.

Identification of Indicators: Key Guiding Principle S

(1) General Categories of Indicators
As a guide for workshop participants, general categories of indicators were provided

from the literature reviews. These were:

1. Compositional indicators aim to characterise specific associations of
species and habitats. These indicators can be used to characterize assemblages,
guilds, communities, ecosystems, and abiotic structures (salinity, temperature,
nutrients, production) but are considered independently of anthropogenic influences
such as extraction, pollution, habitat loss and global climate change.

2. Conditional indicators aim to demonstrate anthropogenic influences. These
may be negative influences such as pollution or positive influences such as the
effects of management interventions. These indicators are most effective when

applied to a specific habitat or community.



3. Habitat indicators are defined by geomorphology, ecology, and geological
history. Consistent terminology is critical since habitats encompass broad-scale
processes and cross political boundaries. Hierarchical classification is recommended,
including dominant species which influence and discriminate between habitats.

4. Indicators based on functional groups can be used to pool species into
trophic levels or size classes to track changes in community structure.

(2) Selection Criteria Provided for Biodiversity At tribute of Choice

The below set of selection criteria were drawn from a literature review as a guide for
discussions during the workshop. These relate to ecological, social and practical
considerations. They were not exhaustive or prescriptive but were meant to prompt

consideration with respect to biodiversity attributes proposed as candidate indicators.

ECOLOGICAL CRITERIA:
Is the attribute biologically and ecologically relevant?
Would rare species be relevant?
Would ubiquitous species be relevant?
Is there ecological theory to support the use of the attribute as an indicator?
For ‘emergent properties’ metrics, does the model (e.g. food web models,
mass balance models) represent the ecosystem? Are the assumptions
acceptable?
Is/Are the responses of the attribute interpretable and predictable?
Does the attribute represent a biodiversity value that cannot be expressed by
other means?
Is the attribute an indicator of a specific environment?
SOCIAL CRITERIA:
Is the attribute socially relevant (are they important to the public)?
Is the attribute relevant to management policy / regulations?
Is the attribute non-destructive to the system?
Is the attribute sensitive to defined stressor or impact?
Is a change in the attribute a harbinger of unacceptable environmental
change, or are they present when it is ‘too late’ to restore conditions?
PRACTICAL CONSIDERATIONS:
Can the attribute be measured efficiently, accurately, and cost-effectively?
What is the bias and variance when sampling for the attribute?

Do monitoring programs exist where the attribute is currently being sampled?



Is there a data base of the organism(s) that can be used to track historical
changes and define ranges in natural variation?

Can the attributes be measured in managed area and through time?

(3) Characteristics of Successful Indicators

The team also provided participants with some characteristics of useful indicators. A

sample includes:

Indicators should maximize information gathered , be cost effective, and
be directly observable within time scales  that are relevant to objectives.
Compositional indicators should be associated with a suite of species and
habitats in a predictable manner .

Conditional indicators should demonstrate a stress in a defined manner.

A set of complementary indicators can perform better than a single
indicator, given sampling error and natural variability.

Indicators should be tested first before being adopted by managers to
assess whether they are sensitive and relevant to objectives. Sensitivity

should be a function of power.



Introducing Indicators: Literature Review Summary

Primary producers
Marine primary producers, as considered within the Marine Futures project, include

seagrasses and macroalgae. Primary producers are food for a wide range of
herbivores, and provide a physical habitat for other sessile and mobile organisms.
They are limited to the photic zone, however, in Western Australia, the high water
clarity means primary producers may be found in depths greater than 50m.
Seagrasses are restricted to sediments in which they can spread rhizomes while
macro-algae are found typically on hard substratum that can be native (e.g. naturally-
occurring reefs) and artificial (e.g. oil platforms, groynes and seawalls), with some

groups such as rhodoliths found on sandy substrata.

Invertebrates
Within the Marine Futures project, both sessile and mobile macro-invertebrates are

being considered. Marine macro-invertebrates include molluscs, ascidians,
bryozoans, sponges, echinoderms, crustaceans and corals, among others. Like
primary producers, marine macro-invertebrates can be considered as organisms, and
as habitats in the case of sessile or attached species. Sessile invertebrates are
found in soft sediments and attached to hard substrata. Mobile invertebrates are
found across a range of habitats and depths Macro-invertebrates play important
ecological roles in marine communities in that they are represented in every trophic
group, including filter feeders, herbivores, omnivores, detritivores and carnivores.
Because they are integral components of trophic webs and contribute to nutrient
cycling, macro-invertebrates may be useful indicators of community composition.
Significant knowledge already exists for socially or economically important species

such as the Western rock lobster and species of abalone.

Fish

The marine finfish community of the areas in which the Marine Futures project is
working is a diverse assemblage found in a variety of habitats. Strong habitat
preferences and strong ecological links to other taxa, also make some species of fish
good indicators. Fish fill a number of ecological roles as herbivores, omnivores and
piscivores. As such, individual species have the potential to vary in abundance, size
structure etc. in response to changes in community structure. Fish are especially

important as indicators given the interest and impacts by the commercial fish and



recreational community. Substantial knowledge exists for commercial species in

addition to supporting ecological theory.

Habitat
Habitats are ideal candidates as compositional/conditional indicators because their

attributes are relatively easy to collect and interpret. Habitat attributes that show
potential include physical structure and relative complexity, bottom type, salinity,
exposure to wave energy, and water depth. Population-, assemblage- and
community-level attributes have been shown to be strongly correlated with habitats.
Habitat size can possibly serve as an indicator of species relative abundances. In
addition, physical attributes would show less natural variability than indicators based

on organism attributes.
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Summary of outcomes from the indicator/methods
tables

The outcomes from the working groups are presented in the tables that were used at
the workshop and include a table for nominating indicators and a table for methods
appropriate for these indicators. These outcomes are presented in Appendices 2-5. A
summary of the key points and outcomes as presented in these tables and by the

group leaders during the feedback is provided below.

Primary producers

Compositional indicators
Separate indicators were identified for seagrasses and macroalgae. Genus- or

species-level sampling of seagrass was proposed, including density, extent, and
edge to area ratios. Growth rates and associated abiotic variables were raised as
important indicators for seagrass health. For algae, functional groups were
considered the most effective indicator, with predictive capacity across a range of
depths and locations. The relative abundance of dominant, functional groups was
advocated because taxonomic expertise would be necessary to identify species.
Functional groups include dominant algae such as canopy taxa, and understory
groups. These groups have been shown to give signals with habitat variables such
as depth and exposure to wave energy. In addition, the density of the kelp Ecklonia
radiata was suggested in order to estimate fragmentation and changes in patch size.
As with seagrasses, the areal extent and edge to area ratio of patches were identified

as important compositional indicator of fragmentation.

Conditional indicators

Fragmentation of seagrass meadows and Ecklonia beds can also serve as a
conditional indicator of loss or gain in areal extent and patch size. Relative
abundance of seagrass epiphytes (classified by functional groups) were also
identified as a conditional indicator, with shifts in relative abundance providing
valuable environmental-health information. The spread of invasive species would
need to be monitored. Other conditional indicators were proposed (distributions of
temperate versus tropical species, isotope ratios, carbohydrate values) but were
given less importance because of greater associated effort and cost.

11



Indicator-related issues raised in group discussions

0] Impacts on primary producers need to be first identified in order to choose
the most effective indicator (what's the stressor?).

(ii) Coastal impacts that were identified include eutrophication, siltation, while
fishing was identified as the pervasive pressure at greater depths. For
example, suggested indicators may respond differently to press versus
pulse impacts by either responding quickly or slowly.

(i) Functional-level indicators were identified for macroalgal taxa, but have

not been identified for seagrasses.

Indicators not raised in workshop but used in published studies
Indices (e.g. Ecological Evaluation Index) to summarize assemblage-level
attributes
Relationships between primary producers (e.g. coverage, complexity, relative
abundance) and fauna
Population-level attributes: life history characteristics besides growth rate and

density

Methods
Remote techniques were considered the most appropriate because divers would not

be able to sample at deeper depths. However, video transects were advocated to
measure seagrass and macroalgal broadscale extent, edge to area ratios across a
range of depths. High resolution photoquadrats can be used to estimate density and
epiphyte abundance. Destructive sampling techniques by grabs and divers can be
used for ground-truthing and to collect specimens for isotope and carbohydrate
analyses. Divers would be necessary to measure seagrass growth rates with
techniques such as rhizome marking, hole-punching, or internode distance. Case
studies with site-specific methods were proposed to monitor the recovery of

degraded habitats.

Invertebrates

Compositional indicators
Assemblage-level data are typically costly to collect and require substantial

taxonomic expertise. Thus, the emphasis was on choosing major groups such as
structure-forming sessile invertebrates (e.g. sponges), and mobile species such as
echinoderms. Structural species were identified as important because they provide

habitat for other organisms and changes in their abundance would have community-

12



level effects. Echinoderms such as holothurians can vary significantly with
environmental factors and may serve as a possible compositional indicator.
Community-level metrics such as isotope ratios were raised as potential indicators

but would require substantial effort and cost.

Conditional indicators

Commercial species were highlighted as important conditional indicators because
they are valued by the community, their extraction can have impacts on other
organisms, and fisheries data permits temporal assessment of population-level
changes. Attributes of commercial species (e.g. crabs, prawns, lobster, and abalone)
reflect fishing activities. Examples of attributes include abundance, size structure
etc. Other strongly conditional indicators are the presence/absence of Invasive

species such as the Pacific seastar.

Indicator-related issues raised in group discussions
i. Assemblage-level (within taxonomic expertise available) indicators were
considered highly desirable but can be difficult to do without taxonomic
expertise.
ii. Other taxa (e.g. polychaetes, ascidians and bryozoans) were not considered

due to difficulties with collection and identifications.

Indicators not raised in workshop but used in published studies
Functional groups based on morphotypes and behavior traits
Higher taxonomic grouping
Subset of taxa to represent invertebrate assemblages
Relationship between habitat use/habitat envelopes/habitat complexity and
invertebrate assemblages

Relationships between invertebrates and other organisms

Methods
A combination of methods was proposed to span a variety of depths and habitats

(e.g. soft and hard bottoms). However, one method should be used across the range
for comparison purposes. Destructive methods such as trawls, dredges, traps, and
pots were identified as a means to collect substantial quantities of invertebrates,
resulting in comprehensive data sets. In addition, trawls and dredges can be used to

collect deeper, smaller, and more cryptic species. Large mobile invertebrates and

13



patchily-distributed organisms can be sampled with underwater visual census
techniques and with video. Photoquadrats and video have been used to sample for
seagrass invertebrates, abalone, sessile species, and lobster. Natural variability
would need to be estimated given the lack of background information for many

invertebrate taxa. Divers can be used to sample specific communities.

Fish
Compositional indicators
A combination of assemblage data and key species that are indicative of particular

communities or habitats was recommended. Key attributes are species composition,
relative abundance/abundance, biomass, and size structure of species within the
assemblage. Sampling for juveniles and adults can give indication of nursery areas
and habitat attributes (e.g. seagrass). Initial comprehensive sampling may also help
identify the most effective compositional indicators with respect to species or

taxonomic groupings.

Conditional indicators

Commercial species and iconic species were highlighted as especially easy to
communicate to the public. Attributes of commercial fishing that were identified and
recommended include catch composition, relative abundance and biomass. These
attributes can be considered at the “total catch” level or with respect to particular
species such as dhufish and snapper have substantial background data. Changes in
trophic and functional groups can be used to monitor the effects of impacts (e.g.
extraction of commercial and bycatch taxa) on assemblage-level processes. In many
cases, there may be insufficient resolution in fisheries data to detect changes
associated with habitat or to understand factors likely responsible for observed

changes.

Indicator-related issues raised in group discussions
i. A range of techniques was recommended to allow for sufficient power to detect
changes in fish attributes given that natural variability is not well understood for
most species.
ii. In addition, temporal sampling was strongly recommended to better understand
natural variability. A lower level of sampling was suggested in each of the two

years that are left of the project rather than one large sampling effort. Sampling

14



in relevant seasons may capture indicator species but also give different results
(e.g. spawning aggregations, migratory species etc.).
iii. Trophic groups were identified as a useful indicator of process-level changes

but do we understand the underlying processes?

Indicators not raised in workshop but used in published studies
Relationship between habitat use/complexity and fish assemblages
Functional groups based on morphology
Relationship between seagrass/macroalgae relative abundance and fish
richness/diversity
Higher taxonomic grouping
Indices to summarize assemblage-level attributes and relationships with

habitat use

Methods
Trawls and baited remote underwater video were identified as the most effective

methodologies across a range of depths and habitats. Underwater visual census
was also raised as a method to sample for fish data in shallow waters. Trawling may
be the best option to maximize initial data collection and to identify effective
indicators. It may also be the only option for some groups. The relative benefits of
destructive and non-destructive sampling techniques need to be weighed for long-
term monitoring activities. Sampling designs need to include sufficient replication at
the habitat level. Analyses should incorporate multivariate data. Sampling gear must

not confound data interpretation.

Habitat

Compositional and conditional indicators
Fish trophic groups were identified as a valuable conditional and compositional

attribute, as were population attributes within each trophic group (e.g. ratio of juvenile
and adults). Molluscs, abalone, and holothurians were also identified as providing
habitat-associated information. Filter-feeding invertebrates enable the monitoring of
processes such as benthic-pelagic coupling. Gross groups of epifauna (e.g. corals,
soft corals, ascidians, and sponges) make useful compositional/conditional indicators
by measuring attributes such as relative abundance and bio-volume. Important
broadscale habitat attributes include the extent of seagrass, macroalgae, reef, gravel,
and sand. Monitoring of broadscale habitat attributes provides information regarding
fragmentation, edge to area ratios, and edge effects. Important mesoscale attributes

(e.g. the relative abundance of seagrass and macroalgae) can be used to detect

15



changes. Fine scale attributes such as taxonomic distinctness indices may serve as

indicators of change across habitats, depths, and locations.

Indicator-related issues raised in group discussions
Sampling should aim to identify fragmentation. What organisms constitute a patch
and are the patches growing or shrinking? Fragmentation indices can be measured

spatially, including edge effects (e.g. seagrass beds) and interface zones.

Indicators not raised in workshop but used in published studies
Continuous habitat variables may be more appropriate than categorical

variables

Methods
Acoustics and videography (e.g. BRUVs and stereo-video) provide habitat and

community-level information that can be extrapolated to broad scales. Limitations to
videography were raised. BRUV will not capture cryptic fish species, and species
identifications are difficult with increasing depths using video techniques. Destructive
methods (e.g. grabs, dredges, and trawls) were recommended as tools to collect
data regarding biotic structure, including fish and invertebrate relative abundances.
Photoquadrats were also identified as a method to gain finer-resolution data than can
be collected from video. However, it is difficult to sample a specific point on the
seafloor in order to confirm habitat identity from bathymetry maps, precision is
generally within about 10 m. Trawls were recommended for sand and seagrass
habitats, and traps for reef habitats. A video attached to nets was also suggested to
maximize the information collected. Cryptic species of fish, invertebrates, and
cephalopods remain a challenge due to costly, fine-scale, and time-consuming
methodologies (e.g. rotenone and clove oil).

Innovative technologies were discussed, but may not be suitable for Marine
Futures. For example, new multibeams can pick up biomass in the water column
such as fish swim bladders. Underwater video profilers (UVP) can measure bio-
volume. Gliders coming to WA can monitor the water column. Autonomous
submersible vehicles have CTD probes, can be loaded with other sensory

equipment, and can go for 6-7 weeks at a time.

16



Shared considerations raised across groups

There were a number of considerations and issues raised across the groups. These
include:

(1) Condition / pressure: Attributes of a ‘healthy habitat’, including associated
organisms, need to be defined. Similarly, threats should be identified and
incorporated to understand cause-effect patterns. Two types of sites were identified
from the site-selection workshop: those with high intrinsic value and those of high

risk. Sampling effort will change depending upon which type of site is surveyed.

(2): Sampling design: In particular, it is important to justify fixed versus random
sampling. Nested hierarchical sampling designs were recommended and ideally
would complement with existing research programs. In-depth studies in certain /sites
regions would be valuable. A hierarchical sampling design was raised by the habitat
group: examine range of habitats at the 10000 sq km; look at the marine park scale
(e.g. 1000 sq km), including physical extent of habitat and health in a broad sense;
sample at the scale of 1 sq km for diversity and abundance of communities and
species.

The need for sufficient replication to allow for statistical power was raised.
Sufficient replication at the habitat level is necessary to allow for statistical

comparisons. Statistical analyses should be investigates prior to sampling.

(3) Methods: A suggested methodology was proposed for both deep and shallow
areas for fish but may also be appropriate for other groups (Appendix 5): on reefs
use stereo BRUVS and diver-operated video; and for sand and seagrass use, trawls
and BRUVS. Video and stills were proposed as useful non-destructive sampling
techniques. Stills allow for higher resolution than video. Trawling, grabs, and traps
were identified as useful but destructive sampling techniques, particularly if sampled
repeatedly over time. A camera on every trawl would give finer details and estimate
of patchiness. Trawling will also give more detailed information than is possible from
video sampling. Traps could also be used on the reef to compare with trawls over
sand.

Cross calibration of methods is needed between habitats. Confounding
effects of habitat with gear should be avoided. In addition, videography and trawls

sample for different species and these differences should be understood.

17



Next Steps

The next steps with respect to the development of a biodiversity sampling plan for

Marine Futures are as follows:

(1) Building on the recommendations from the workshop, the literature reviews, and
the information with respect to complementary, existing research in the State, and
outcome from trawl review panel; develop a biodiversity sampling plan along with
methods. Critical to this will be an assessment of resources and the potential to
integrate across groups.

(2) Circulate the draft sampling plan to group leaders and other key researchers for
their comments.

(3) Circulate the draft plan to key marine resource managers for their comments on
the degree to which the plan reflects resource management needs.

(4) Circulate the draft plan to the trawl review panel for their comments on the
appropriateness of trawling within the plan.

(5) Revise the draft for presentation to the Steering Committee endorsement for 31

October .

18



Appendix 1 — List of Participants

List of invitees by group with ** denoting grou

leaders and * denoting group scribes.

Invitee Association Invitee Association

Primary producers Fish

Nisse Goldberg** UWA Russ Babcock** CSIRO

Jon Statton* UWA Di Watson* UWA

Renay Hovey* UWA Euan Harvey UWA

Chris Simpson DEC Andrew Cribb Fisheries WA
Frances De stuza Department of Water Glenn Hyndes ECU

Jo Hughes dit Ciles | SWCC (NRM) Mark Westera UWA

John Huisman Murdoch University Mike Mackie Fisheries WA

Julia Phillips CSIRO Norm Hall Murdoch University
Karen Hillman Oceanica Peter Millington Fisheries WA
Kieryn Kilminster UWA Sue Morrison WA Museum
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Appendix 2 — Primary producer working tables

Table A: Candidate indicators — primary producers

Ecological Justification

Primary Candidate Metric Depth Range
producer Indicators
Algae dominant some as far as provides lots
functional estimate of | algae/seagrass | of information:
groups: relative extend change in
canopy abundance distribution
(Ecklonia, (e.g. cover) can be a
fucalean, function of
mixed beds) location,
assemblage, depth, wave
understory energy,
layer substratum,
dredging
plumes,
eutrophication,
nutrients,
sedimentation

natural
variability
(too noisy?)

Social Justification

provide
habitat,
benthic-
driven
primary
productivity

Kind of Overall Other
Indicator | ranking | comments
(Comp, (TOP 7
Cond or | - atthe
BOTH) end)
both 1




Primary Candidate Metric Depth Range Ecological Justification Social Justification Kind of | Overall Other
producer Indicators

Indicator | ranking | comments
(Comp, (TOP 7
Cond or | -atthe
BOTH) end)

Algae Ecklonia density

provide both 1
information

regarding
changes in
patches: gaps,
fragmentation-
can be a
function of
stress

Algae Patches Edge to area Provides both

ratio information
regarding
changes in
patch size,

gap formation,

fragmentation

Algae Algal broadscale distributional
assemblages extent information,
(coverage) changes can
be associated
with
environmental
(natural,
anthropogenic)
disturbance

both 1
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Primary Candidate Metric Depth Range Ecological Justification Social Justification Kind of | Overall Other
producer Indicators Indicator | ranking | comments
(Comp, (TOP 7
Cond or | -atthe
BOTH) end)
Algae Invasive abundance, monitor spread cond 1
species distribution and removal
strategies
Algae Species abundance, temperate/ time both low
distributions distribution tropical consuming,
species requires
distributions taxonomic
may change expertise
as a function
of
environmental
change
Algae "Food web" isotope identify technical, cond low
analysis sources of costly
nitrogen (land
VS. marine
sources)
Algae Physiology PAM indication of technical, cond low
fluorescence stress costly
Algae Physiology carbohydrates indication of technical, cond low
stress costly
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Primary Candidate Metric Depth Range Ecological Justification Social Justification Kind of | Overall Other
producer Indicators Indicator | ranking | comments
(Comp, (TOP 7
Cond or | -atthe
BOTH) end)
Seagrass genus/species presence/ measure natural both 1
absence, changes in variability
cover extent, (too noisy?)
distribution,
ephemeral to
perennial
relative cover,
variable with
depth and
location
Algae epiphytes- percent cover, shifts in may be too both 1
functional biomass assemblage hard,
groups are important natural
variability
noisy
Seagrass species-level growth rate anthropogenic natural both 3
signal, need to | variability
measure (too noisy?)
abiotic
(sediment)
variables
Seagrass assemblage extent easy to map costly? both 1
loss and gain
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Primary Candidate Metric Depth Range Ecological Justification Social Justification Kind of | Overall Other
producer Indicators Indicator | ranking | comments
(Comp, (TOP 7
Cond or | -atthe
BOTH) end)
Seagrass species-level density indication of both 1
stress,
environmental
variability
Seagrass species-level | fluorescence easy to do expensive, both low
'too late'
signal
Seagrass/Algae | assemblage edge to area provides both 2
ratio information
regarding
changes in
patch size,
gap formation,
fragmentation
Seagrass species-level | carbohydrates indication of technical, both low
stress, easy to costly
do
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Table B: Methods associated with primary producer c

Indicator

Collection method

andidate indicators
Pros

Cons

Seagrass growth rate

rhizome marking, hole
punching, internode distance

easy to collect, process
understood, shows difference
between ephemeral and
perennial species

can only work with divers (e.qg.
shallow depths)

Extent and edge to area ratio
of seagrass and algae

remote video: transects, drops

only get information regarding the
top layer (canopy), dominant taxa,
patch size, retain record

resolution may be compromised
with technique, issues with data
management and processing,
limited areal coverage

Fine scale sampling of
seagrass and algae

destructive sampling
techniques (e.g. grabs, diver
sampling)

fine scale groundtruthing

destructive

Extent of seagrass and algae

acoustics

easy to collect, broad scale
information, retain record

technology/resolution being
developed

Density of Ecklonia

photo-quadrats, diver does
counts

fine scale resolution, retain record

time consuming

Epiphytes

photo-quadrats

fine scale resolution, retain record

time consuming

Productivity estimates

grab samples, diver sampling

can extrapolate information to
broad scale

PAM, isotopes, carbohydrates

grab samples, diver sampling

easy to collect

costly, time consuming

Recovery of degraded areas
due to human use, etc

fine scale methods, case
study

can include recruitment
processes
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Appendix 3 — Invertebrate working tables

Table C: Candidate indicators — invertebrates

Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking | comments
(Comp, Cond | (TOP 7
or BOTH) - at the
end)
Inverts in not known overview costly, difficult high
general
Assemblage abundance, foundation/ structural | costly, difficult high
level measures frequency of species; sessile fauna
occurrence (sponges, crabs,
ascidians,
cnidarians); habitat
formers; dominant
taxa, detect changes
above species level
Crustacea size, 10-100 | cover many habitats; cryptic Conditional: high
(Crabs/ abundance, m visible in most species not siltation on
Brachyura) distribution habitats; speciose; on video reefs and
easily identifiable; diversity goes
good compositional down;
indicators (family?); commercial
cover many trophic group
levels
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking | comments
(Comp, Cond | (TOP 7
or BOTH) - at the
end)
Prawns (need size, 10-100 evaluate trawling not speciose trawling- both- tracks high
species id); abundance, m (Capes region, so limited social changes with
echinoderms distribution Abrolhos); soft compositional perception, environment
(seastars, substrata; habitat indicator
holothurians), specific- infraorder
Portunid crabs changes with depth;
fish vs. non-fished;
bycatch- crabs most
abundant (Portunids),
few species most
abundant
Lobster abundance, 0-30 0-100 m, more work Comp- high more work
size/frequency, m, juveniles/adults needed and human use needed
all life cycle inshore | easiest, strong habitat | repeat earlier adults, and repeat
stages reef link; puerulus and studies juveniles; earlier
other inverts change in studies
collectors- Port Greg- habitat
Capes- spatial structure
distribution, limestone could be
holes; 2 spp west and detected

south coast (no
puerulus collectors for
the latter);
environmental issues-
Leeuwin Current
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Candidate

Metric

Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking | comments
(Comp, Cond | (TOP 7
or BOTH) - at the
end)
Scallop (see (see prawns and sand, soft sediment; natural commercial conditional;
prawns and Portunids) bycatch less than variability; species; end of range
Portunids) prawn, larger mesh general intermittent for south
size; sensitive to distribution; fishery: 2-4 coast and for
environmental high noise to days to 3 western
change fishery weeks range
Urchin/ abundance, multiple habitats;
seastars sizelfrequency species change
across habitats; easy
to sample
Octopus/Squid/ abundance baited video; bycatch taxonomy
Cuttlefish lobster fishery- 30
years data for
octopus; multiple
habitats
Sessile % cover, structural habitat; limitation of
invertebrates biomass, indicates fishing expertise
abundance, impact (removed or
species richness not); dominant large
species; associations
Corals better known taxa;

important in Abrolhos/

Rottnest; associations
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking | comments
(Comp, Cond | (TOP 7
or BOTH) - at the
end)
Molluscs in richness, a few species;
seagrass; abundance, associations
Phasianella presence/
absence
Community stable isotopes,
level metrics; bioturbation,
taxonomic secondary
focus production,
processes
Polychaetes,
ascidians,
bryozoans
Molluscs

across all habitats;
need broader

species; variety of
trophic levels
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Abalone

0-10 m

existing studies; hard
substrate; 3
commercially fished
species; baseline
stations established
for the past few
years; abundance/
size structure

commercially
fished
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking | comments
(Comp, Cond | (TOP 7
or BOTH) - at the
end)
Mussels 1 species; hard forms in parts
substrate; channel of study area:
markers; harbour Cockburn/
environment; natural Warnbro/
distribution in study Albany
site
Echinoderm abundance, size Holothurians: multiple cond-
frequency habitat; clear habitat sensitive to
associations; good siltation and
compositional nutrients
indicators; adults/
subadults; easy to
sample
Seastar- North introduction of pests; | data exists for introduced conditional-
Pacific, pest ballast water; Albany/ pests and pest species;
species harbours; Fremantle/ management management
Geraldton/ processes;
Esperance/ e.g. ballast
Bunbury; not water
worked up

31




Table D: Methods associated with invertebrate candi

Indicator

Collection method

date indicators
Pros

Cons

Notes

Holothurians

soft sediment deep trawl,
bycatch, regular trawl <10
min, stereo towed video?

non destructive, length
measurement/ visible overview

video- identification not possible;
water clarity; <2 m swell, <15 knt
swim; lot of movement in video

Mat Vanderklift-
Jurien Bay, 800
transects on reef,
diver transects,
<10 m, Glenn
Scheill

Holothurians

deepwater divers, swim
transects 30 min to 100 m,
video, collect specimens

steadier video, quantitative,
collect specimens

see above

All biota all depths, soft substrate stratified sample/ subsample/ not random sample
areas of interest
All biota commercial trawl: 50 mm for exact spatial location; replicates; might miss aggregating/ mobile Merv Kangas-
prawns/crabs/scallops, 100 area defined; mobile species; species; noisy, natural variability Exmouth/ SB.; SW
mm for scallop/small demersal | data generation; deeper animals; | high; diurnal differences trawl fishery
fish/ echinoderms/ molluscs; smaller size animals
some sessile benthos, 5-10
mins (250 m) for quantitative
#s/weights/length-frequency
All biota dredging- standard size, 1 m quantitative #s/weights/length- use stereo towed

wide, 10 mm mesh, 10

frequency; molluscs/crustaceans/

video with trawl

minutes, need to check echinoderms/ some fish/ other and dredge
distance taxa
Assemblage large transects 20 m (6x), 2 divers 1 | captures patchy organisms; no size measurements Kylie Ryan-
mobile inverts >5 mm, | m each side (40 min), shallow | abundance; species level X 15 Marmion

only crustaceans/

molluscs/ echinoderms

<30 m, reefs pavements

species; >5 mm
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Indicator Collection method Pros Cons Notes
Lobster 200 m* transect cryptic during the day, use torch Kylie Ryan-
Marmion
Lobster transects 5 m (5X) 0.5 m each Mat Vanderklift-

side

Jurien Bay, WA
Museum

guadrats, video, traps, pots

visual

standardize across
habitats

deep >30 m: traps/pots- some
baiting

cost effective; collect cryptic
species

standardize across
habitats;
commercial
species- see Fish
WA

divers- transects/quadrats,
video/stills, 30 min

standardize across
habitats; Lynda
BellChambers- see
Fish WA

guantitative towed video with
stills, georeferencing, sled?
ROVs? Submersible?

risk with equipment

standardize across
habitats

Abalone, puerulus

divers- transects/quadrats,
video/stills, 30 min

Seagrass inverts

can use quadrats, video, etc.
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Appendix 4 — Fish working tables

Table E: Candidate indicators — fish

Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7
or BOTH) - at the
end)
Community/ presence/ 10-100 rich data set to work taxonomic spatial variability; time; 1
Assemblage absence, m from given we don't expertise; high management; expertise;
structure; relative know what is likely to level of noise/ need to have distinguishing
Demersal/ abundance, be present a priori, signal; need a community predictive
low mobility | size structure start at species level lot of work to level for factors; hard to
(not pelagic) resolution and work to | get cause and planning and communicate
higher level effect zoning
biodiversity
conservation;
preserving
diversity-
diversity; range
of species
Trophic, relative tells something about what scale flow on effects hard to 1
functional abundance, process on overall relevant; communicate
groups density, impacts; functional defining trophic
population group- robust; less groups; low
studies, sex information required weight; may
rations miss specific
effect
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7
or BOTH) - at the
end)
Single presence/ " focus effort; greater data intensive | focused relative | may miss out 2
species absence, precision for same to impacts, on some
density, attribute (e.g. easy to effects
population age, communicate
structure, sex reproduction)
ratios
Iconic " " simple; collected hard to define; easy to hard to define 2
species; along with other data | alot of effortto | communicate;
rare/ get all of it; community very
endangered taxonomic interested
level;
underlying
biology
Juvenile abundance, ? key importance lot of biology " wrong depth 3
size and habitat info strata, hard to
needed communicate
Egg surveys density ? " " direct hard to 3
management communicate
implication
Diversity presence/ simple; collected need a lot of outreach;
absence along with other data effort and baselines
different needed
methods to get
all of it; ? what
taxonomic level
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7
or BOTH) - at the
end)
Presence of species key part of life history temporal easy to sell to ? Cumulative
juveniles variability; folks impacts
and nursery biology needs
habitats to be known
Rare and presence/ simple labor intensive
endangered absence
Pelagic diversity; more focused not associated pelagics
species sizelage; with habitats
population
structure
Iconic population spatial habitat fishing value; crude but
species; diversity; use/ migration | community buy | robust, is better
snapper; population has to be in than fancy
dhufish structure known; need
reference
points
Daily egg egg density expensive " intensive 3
production
Total low
biomass
Total catch kg quick and easy Fisheries
dependent
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Community presence/ all don't know what is responses may spatial variability both baseline data
structure, absence; likely to be presenta | vary by 'region’, | management to (time); can define
demersal relative priori; start higher by habitat, by species of distinguishing other

species (low | abundance; resolution, want loose community interest; retain | factors that are indicators;
mobility) size resolution by going to trophic predictive; greater

structure; higher taxonomic level structure; ethics?; flexibility;
habitat biodiversity taxonomic NB: indices
specificity; composition expertise for
geographic change in collaboration,
range- available record log
context species; types books
of sites: high
value, high risk
Physical linked to all richer data set less precision; comp
and habitat need to get to
chemical dynamic; cause/effect
(habitat) chlorophyll a;
correlates sea surface
and co- temperature;
variables currents
Trophic assemblage: all tells what are overall know what Does taking top cond
structure richness; impacts on community scale is level predators
size; biomass despite drawbacks relevant; have flow-on
defining trophic | effects? Does
groups; length/ coastal

weight data; development

may miss have effects
species-
specific
response
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7
or BOTH) - at the
end)
Single age all species of particular data intensive focus on 2
species composition; importance species of
sex rations; particular
reproductive importance for
output fishing, other;
easy to
communicate
and justify
Functional | assemblage: all more robust than need to know Do impacts may need to cond
groups relative trophic (less movements have flow know less
abundance; knowledge required); and scales of effects? about cause/
biomass relative changes the | these; changes effect
important thing in diet
Ecological migration? hold systems together depends on Fisheries:
processes high level of spatial extent of
biological various habitat
information types; IMCRA-

linked spatially;
point source
anthropogenic
influence
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Table Fa: Methods associated with fish candidate in  dicators
Collection reef <25 m sand <25 m seagrass reef >25 m sand >25 m seagrass Notes
method <25m >25m
Divers UVC Good: rank of | No Some merit; Good No Merit Density; habitat specificity; habitat
2; depth ranking of 3 specificity; visibility dependent
synergy
Drift stereo video | Good: rank of | No Some merit Good: rank of | No: rank of 3 | Merit: rank of | Position-distance (GPS);

3; sampling 2; depth 3 calibration/ development needed
efficiency: 1 synergy of 2
BRUV Good: rank of | Good: rank of | Good: rank of | Good: rank of | Good: rank of Subset (carnivores) (big); iconic
1, depth 2; cross 2; cross 1; cross 2; Cross target species-basis- more species
synergy of 1 calibration calibration calibration calibration data; visibility dependent; not
with trawl- 2 with trawl- 2 with trawl- 1 with trawl- 2 density
RUV X X, efficiency: | X, efficiency: | X, efficiency: | X, efficiency: | X, efficiency: | X; visibility dependent
2 2 2 2 2
Diver operated Good: rank of | No Merit: rank of | X X X Repeatable c.f. UVC; permanent

video

2, depth
synergy of 2

3

c.f. UVC; ? Comp drift; more post-
processing; habitat specificity
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Collection reef <25 m sand <25 m seagrass reef >25 m sand >25 m seagrass Notes
method <25m >25m
Trawls (otter, Not good; Good: rank of | Merit: rank of | Not good Good: rank of | Merit: rank of | Better for cryptic species; less post-
beam) can do 1; efficiency 1, depth 1, depth 1, depth processing; biological data; get
special gear of 1 synergy of 1; synergy of 1; | synergy of 1; | inverts; ? Ethical paperwork; post-
efficiency of 1 efficiency of 1 | efficiency of 1 | processing handling can minimize
trauma; expensive vessel
Gill nets, beach No No No No No No Not quantitative; wrong scope; not
seines, traps quantitative
Rotenone/clove Good Possibly Merit No No No Negative community perception;
oil semi-quantitative at best; ? Specific
group not collected by other
methods/ questions
Hook and line Good Good Good Good Good Good Labor intensive; predatory fish bias,

age class bias; semi-quantitative;
habitat- specificity

Commercial data

Complimentary; crude but large-
term data

40




Notes

Collection reef <25 m sand <25 m seagrass reef >25 m sand >25 m seagrass
method <25m >25m
Recreational
data
Acoustic- X X X X X X needs specific behaviors; a lot of

developmental

development
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Table Fb: Method summary for fish candidate indicat ors

Shallow water Option 1 Option 2 Option 3
Reef: Diver operated video/UVC BRUVS

Sand: BRUVS Trawls

Seagrass: Trawls

Deep water: (no UVC or diver-

operated video)

Reef: BRUV Drift video (?)

Sand: Trawl BRUV Drift video
Seagrass: Trawl BRUV Drift video

If you have to choose a single
technique that can be used
across both depths:

BRUVS, Trawls
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Appendix 4 — Habitat / community working tables

Table G: Candidate indicators — habitat / community

Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7 - at
I B N B e v I
Fish trophic family- ease of basis for mobility of both high integration of
groups, rapid | biomass; size identification; interest by fish data sets
assessment frequency; extent of commercial would be
approach sex, Dept of existing data; fish and valuable
Fisheries existing recreational
indicators: monitoring by community
dhufish, Dof F
groper;
snapper
Within See above;
trophic population
groups; attributes;
species proportion of
juveniles to
adults
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7 - at
or BOTH) the end)
Inverts: abundance water column possibly
molluscs, and size feeders and good for
abalone structure benthic shallows and
populations feeders, south coast
and add in habitat
other data, association
scallops?,
holothurians
Broad scale: % cover; ease of comp
broad extent | spatial metrics identification
of habitat, of habitat; into
seagrass fragmentation; categories
<50 m, perimeter to
macroalgae | surface ratio;
<50 m, edge effects
sand, gravel
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Candidate Metric Depth Ecological Justification Social Justification Kind of Overall Other
Indicators Range Indicator ranking comments
(Comp, Cond (TOP 7 - at
or BOTH) the end)
Mesoscale: biomass, cond
seagrass condition, %
species, cover
macroalgae,
rhodolith
beds, GBR:
red, greed,
Sargassum
<20 m,
rhodoliths
deeper
depths
Gross groups presence/ easy to
of epifauna, absence; % obtain from
flora, soft cover; bio- acoustics;
corals, volume?; greater detail
corals, area; volume from video;
sponges, filtered benthic-
ascidians: pelagic
fast then coupling
slow tows
Fine scale: taxonomic composition
across distinctness and diversity
groups of community
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Table H: Methods associated with habitat / communit

y candidate indicators

Indicator Collection method Pros Cons Notes
Acoustics and video- potentially stereo video covers wide range of depth areas; | possible to classify to broad groups | archiving of data
identify biotic structure provides basis for extrapolation to | only: corals, soft corals, ascidians, sets and
and volume broad areas algae collections

Biotic structure and
volume

grabs, dredge, photos

good species identify and
collection, non destructive
(photos)

destructive- grabs, dredge

Large finfish,
invertebrates,
molluscs in sand and
vegetation

trawls and video on net

many comparable studies, identify
of species, specimens for
biological sampling

may not be treated every survey;
destructive sampling for the
identification of specimens

Reef

traps, BRUVS, stereo video

see above, non-destructive

selective for carnivores

Pelagic fish

pelagic trawl

difficult to link to benthic features

Fish, cephalopods

rotenone, clove oil (10-30 m)

cryptic species

small scale, labour intensive

Invertebrates

copper sulphate

cryptic species

small scale, labour intensive
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Appendix 5 — Method summary

Table I: Method summary across groups

Collection method Depth: shallow (< 20 m) Primary Invertebrates Fish Habitats
versus deep producers
Video (remote and in situ, Diver-operated: shallow or
baitec_i and not-baited) greater d(_apth_s if using X X X X
techniques commercial divers; Remote:
all depths
Photoquadrats see above X X
UVC and other diver sampling | Shallow
techniques X
Trawls All depths X X
Grabs All depths X X X
Dredge All depths X X
Traps All depths X X
Pots All depths X
Diver collection techniques Shallow; greater depths if X N

using commercial divers
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