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1. [bookmark: _Toc48895893]Aim/objective 
To assess the impact (extent, severity, and persistence) and subsequent recovery of subtidal benthic habitats and associated biological communities in response to a hydrocarbon release and associated response activities. 
The specific objectives of this SMP are as follows: 	
· Collect quantitative data to determine short-term and long-term (including direct and indirect) impacts of hydrocarbon (and implementation of response options) on benthic habitats and associated biological communities, post-spill and post-response recovery
· Monitor the subsequent recovery of benthic habitats and associated biological communities from the impacts of the hydrocarbon release. 
[bookmark: _Toc48895894]Rationale 
This SMP focuses on the subtidal zone—habitats seaward of the Lowest Astronomical Tide (LAT), separated into nearshore (shallower than 20 m depth) and offshore (greater than 20 m depth) environments. Habitats landward of LAT (e.g. the intertidal zone) are included in SMP: Intertidal and Coastal Habitat Assessment, which should be consulted when finalising the monitoring design for this SMP.
Soft and hard substrate benthic habitats and their associated organisms covered by this SMP include:
· Hard (scleractinian) corals, turf and coralline algae;
· Sponges and other filter feeders;
· Macroalgae (including turf and encrusting coralline algae) and seagrasses; 
· Kelp beds; and
· Large and conspicuous (i.e.ie. epifaunal) motile invertebrates (e.g. crustaceans and molluscs). 
Impacts on benthic habitats vary according to the species present, oil type and response options used. As with most species, benthic species are most vulnerable during their larval and juvenile life stages. Impacts arise from direct contact via coating, smothering, absorption and/or ingestion. These impacts can be short (acute) or long (chronic) term. Indirect impacts include shading from surface oil, hydrocarbon accumulation in sediments, loss of keystone species and reduced food availability. The relationship between exposure levels and degree of impact should be investigated through the final monitoring design. 
Water depth can influence the level of exposure and risk to marine benthos, with shallow water communities (e.g. <30 m) potentially at a greater risk of exposure from surface spills than deep water communities. However, deep water habitats are still at significant risk from subsea blowouts.
The final scope of the subtidal benthic habitat monitoring plan depends on the habitats identified within the area affected by hydrocarbons, as well as identified reference sites outside the affected area. This SMP will provide information to help understand the impacts to benthic habitats from hydrocarbons and/or associated response activities and should inform any restoration or remediation activities that may need to be implemented. 
[bookmark: _Toc504832171]

[bookmark: _Toc48895895]Initiation Criteria and Termination criteria
[bookmark: _Ref509228138]The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Benthic Habitat Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	· Spill trajectory modelling, surveillance or monitoring predicts or confirms exposure of benthic habitats or communities to hydrocarbons.
	· There has been no impact to benthic habitats and associated biological communities (confirmation that benthic habitats were not exposed to hydrocarbons); or
· Measured parameters of benthic habitats and associated biological communities impacted by hydrocarbons spills have returned to within the expected natural dynamics of baseline state (taking into account natural variability) and/or control sites; and
· Agreement has been reached with the relevant stakeholders and Jurisdictional Authorities to cease monitoring this receptor.  



[bookmark: _Ref509490803][bookmark: _Toc48895896]Data and information requirements
 [The following points, in addition to best practice documentation (e.g. Australian/industry standards/guidelines and literature) should be considered by the Monitoring Provider in the review and finalisation of the monitoring design.]
[bookmark: _Ref505255428]Table 4‑1 lists the inputs relevant to planning for the implementation of this SMP, once the notification to commence is initiated. 
[bookmark: _Ref509231104]Table 4‑1: Data Requirements Summary 
	Baseline Information
	Operational Information
	Scientific Monitoring 

	Access to consolidated project-specific baseline data and baseline summary report/data/maps/models, where available, for the relevant study area
External datasets (e.g. DEE, DoF etc.), information, including access to raw data and metadata statements outlining data collection methods
Oil Spill Response Atlas (OSRA) provided by AMSA
Additional metadata records may identify existing baseline data  available from I-GEMS (Western Australia only)
	Outputs from surveillance and response operations activities including:
· Spill type
· Spill volume and duration
· Details of dispersants used, volumes, locations, and methods of application
· Observed and/or recorded spatial extent and movement of the spill
· Metocean data (e.g. Currents, wind, sea state)
Consolidated water quality and chemical characterisation data from Operational Monitoring, including locations of exceedances of benchmark levels, where available.
	Results from implemented scientific monitoring, if available (primarily SMP: Water Quality Impact Assessment, SMP: Sediment Quality Impact Assessment and SMP: Intertidal and Coastal Habitat Assessment)


[bookmark: _Ref508716221]
[bookmark: _Toc48895897]Monitoring Design 
The exact nature of the monitoring activities should depend upon each Titleholder’s specific circumstances, including the area of operation, availability of baseline data and the nature and scale of the spill. 
[The following points, in addition to best practice documentation (e.g. Australian/industry standards/guidelines and literature) should be considered by the Monitoring Provider in the review and finalisation of the monitoring design, including sampling techniques and standard operating procedures.]
[bookmark: _Hlk508698948][bookmark: _Toc453687414][bookmark: _Toc470102182]Benthic habitats may support various biological communities during all, or part of, the year. To help inform scientific monitoring, it is important to first determine what benthic habitats are at risk and what biological resources inhabit these areas. This can be achieved by assessing pre-impact baseline data (if available) or inferring from reference sites that are considered comparable to impact locations.
Monitoring to identify an impact on benthic habitats can be achieved by assessing commonly monitored ecological, population, and community parameters. As far as practicable, monitoring should also be carried out on the health and condition of sensitive receptors, such as corals, seagrass, macroalgae, and non-coral benthic macroinvertebrates.
The monitoring approach needs to consider the data collected during surveillance and operational monitoring activities. The geographic extent of the area to be monitored should be based on the hydrocarbon distribution and predicted movement of the hydrocarbon spill, as determined through surveillance activities, and measured hydrocarbons within the water column, sediments, and shoreline, as determined through the relevant OMPs and SMPs (as data becomes available). These outputs should identify potential impact areas and reference areas to be sampled, which will allow for flexibility in the interpretation and tracking of impact assessment . 
The number of sites that can be monitored each day depends on the travel distance between sites, the monitoring design and equipment, number of replicates required, depth of water and weather conditions. 
Table 5‑1 summarises the monitoring designs recommended for various outcomes. Detailed information on design approaches can be found in Section 8 of the OSMP Framework.
[bookmark: _Ref509231166]

Table 5‑1: Potential Monitoring Design Approaches for Different Spill Outcomes
	Surveillance and OMP Outcomes Indicate
	Recommended Monitoring Design
	Recommended Replicate Sites 

	Spill Extent
	
	

	Hydrocarbon plume concentrated around source, dissipating with distance
	Gradient Approach
	Two replicate sites at each distance from source

	Hydrocarbon plume has dissipated away from source
	Gradient Approach (with repositioned centre point, aligned with results from operational monitoring and/or modelling), and/or Lines of Evidence Approach.
	Two replicate sites at each distance from the centre point

	Nearshore spill or spill reaches shoreline
	BACI, IvC, Gradient Approach, and/or Lines of Evidence Approach
	Three replicate sites at each impact and reference site (BACI and IvC); or two replicate sites at each distance from source (Gradient); and/or multiple replicates depending on Line of Evidence type

	Spill interacts with area of biological importance (bay/shoal/island)
	BACI, IvC, and/or Lines of Evidence Approach
	Three replicate sites at each impact and reference site (BACI and IvC); and/or multiple replicates depending on Line of Evidence type



[bookmark: _Ref505590829][bookmark: _Ref505602800][bookmark: _Hlk505942542][bookmark: _Toc48895898]Sampling Techniques and parameters
[bookmark: _Hlk503175938]Sampling techniques will vary depending on the objectives of the monitoring design. Titleholders, in consultation with the Monitoring Provider, should make the final decision on the appropriate sampling technique(s) and parameters that apply to the individual spill.
A summary of sampling types and techniques are provided in Table 5‑2. The final monitoring design should use a combination of these techniques. 
[bookmark: _Ref509319024]

Table 5‑2: Summary of Monitoring Types and Techniques for Benthic Habitat Assessment
	Monitoring Type 
	Purpose 
	Monitoring Technique/s 

	Physical 
	To provide observations and measurements used to describe the physical environmental conditions during benthic surveys
	Water Quality Sampling (as per SMP: Water Quality Impact Assessment) and physical parameters as shown in Table 5‑3

	Biological
	To determine the extent, severity, and persistence (including recovery) of impacts on benthic habitats and associated biological communities.
	Vessel-based benthic surveys (e.g. including video and still photography)
Remote sensing 
Infauna sampling 

	Chemical
	To identify contamination and attribute cause and effect relationships to the impacts of a hydrocarbon spill.
	Water quality sampling
Sediment quality sampling 
Biota tissue sampling 



5.1.1 [bookmark: _Toc48895899]Physical Monitoring 
Physical monitoring should be undertaken to complement biological monitoring to describe the physical environment during benthic surveys. Physical monitoring should be conducted at all biological monitoring sites, where practicable.
The physical character of benthic sites should be described by recording the parameters in Table 5‑3. 
[bookmark: _Ref438203750][bookmark: _Toc453687644][bookmark: _Toc470102437]Table 5‑3: Physical Parameters and Methods
	Parameter
	Method

	Sea state and weather conditions
	Visual observation i.e. Beaufort Scale

	Observations of hydrocarbon slicks on surface
	Visual observation (see AMSA [Ref. 1], Guideline M.3)

	Depth, bathymetry, and bottom profiles
	Vessel depth sounder

	Habitat structure (e.g. substrate type)
	Remotely Operated Vehicle (ROV) video/drop camera observation

	Water quality
	Refer to data collected from SMP: Water Quality Impact Assessment 


5.1.2 [bookmark: _Toc48895900]Biological Monitoring Parameters
[image: 0104_Media_Release_Template_2]

Cause-effect relationships based on existing literature should guide the selection of monitoring indicators that are likely to show a response in the target receptor for the benthic habitat(s) surveyed. The potential biological indicators, monitoring methods and parameters are listed in Table 5‑4.


[bookmark: _Ref438204381][bookmark: _Toc453687645][bookmark: _Toc470102438]Table 5‑4: Potential Biological Survey Methods and Parameters within Benthic Habitats
	Habitat
	Method
	Biological Community
	Suggested Biological Survey Method
	Community Parameters
	Population Parameter
	Individual Parameters

	Coral Reef
	Fine-scale benthic surveys
	Coral reef
	Stratified haphazard transects (e.g. within zones of: lagoon, reef flat, crest, and slope as applicable) using towed camera, drop camera, ROV camera, or diver-based camera surveys. Divers for collection and deployment of coral reproduction parameters
	· Percentage cover of taxa
· Diversity
· Distribution
· Dominant taxa
· Percentage cover of other benthic organisms
	· Population dynamics
· Coral recruitment (recruits)
· Juvenile coral counts
· Recent (whole colony) coral mortality
	· Signs of bleaching, partial mortality, number of breaks
· Colony and polyp level fecundity

	
	
	Coral reef
	Remote sensing
	· Large-scale distribution and extent (coastal zone)
	N/A
	N/A

	Macroalgae and seagrass
	Broad-scale benthic surveys
	Macroalgae
Seagrasses
	Stratified haphazard transects using towed camera, drop camera, ROV camera, or diver-based camera surveys. and benthic grab for seagrass
	· Percentage cover of taxa
· Diversity
· Distribution
· Dominant taxa
· Other benthic organisms
	· Abundance (seagrass/algae)
· Shoot density (seagrass)
· Holdfast density (macroalgae)
· Biota tissue sampling (where possible and appropriate) (macroalgae)
	· Blade condition (signs of blackening and defoliation)
· Growth rates

	
	
	
	Remote sensing
	· Large-scale distribution and extent (coastal zone)
	N/A
	N/A

	Subtidal pavement, rocky reef, or hard substrate
	Broad-scale benthic surveys
	· Macroalgae
· Filter feeders (sponges)
· Corals
· Hydroids
· Soft corals
	Stratified haphazard transects using towed camera, drop camera, ROV camera, or diver-based camera surveys.
	· Percentage cover/ density
· Diversity
· Distribution
· Dominant taxa
	· Biota tissue sampling 
	N/A

	Soft-bottom
	Broad-scale benthic surveys
	Infauna
	Sediment sampling using sediment grab
	· Density
· Diversity
· Distribution
· Dominant taxa
	· e.g. ratio of polychaetes/ amphipods
	N/A










5.1.2.1 Remote Sensing 
Remote sensing can be used initially to determine potentially impacted habitats, habitats at risk, and reference areas (the outputs from surveillance activities and OMP: Water Quality Assessment and OMP: Sediment Quality Assessment may also be suitable). Remote sensing may, if practicable, also be used to assess biological parameters for some habitat types within the study area to measure the condition of those habitats during scientific monitoring. 
The remote sensing technique used (e.g. infrared thermal imaging, synthetic aperture radar, side-looking airborne radar, satellite images) will depend on the intended parameter to be collected (e.g. presence/absence, percentage cover), and evaluating the pixel size required (i.e. coarse, medium, fine), as well as cost. A guideline for implementing remote sensing monitoring equipment is provided in by the Remote Sensing Research Centre (Ref. 2). 
To correctly calibrate remote sensing imagery, field surveys will be required to ground-truth or validate field measurements from the target area to be monitored. Remote sensing techniques are not always practicable and will probably not be suitable to characterise benthic habitat within turbid nearshore waters or substrate beyond the coastal zone (>20 m depth).
5.1.2.2 Benthic surveys 
Subtidal benthic habitats are highly complex and natural spatial and temporal variation in physical and biological structure is almost always high. Biological monitoring must target the main ecological components of benthic communities that reflect the particular sensitivities of the subtidal location and that can be used as an indicator for wider community health. 
Marine Flora and Epifauna Surveys
Benthic surveys are intended to enable broad-scale but detailed observations of the physical and biological structures of benthic habitats. The survey methodology consists of recording imagery from transects for real-time and later analysis (e.g. stills and video footage from handheld camera, towed video, drop-down camera, or ROV) or surveys by divers (where habitats are shallow enough). However, remote method based image capture are preferable where good quality data is obtained, as these are typically more versatile (e.g. cover a wide range of depths). 
Surveys can be completed using continuous digital video, or on a regular basis still image capture, taken along a series of transects across the benthos. For video, downward facing cameras should be positioned at a standardised height above the substrate (typically within 1-2m, depending on visibility) and moved across the substrate at a sufficiently slow speed to produce high quality images. The imagery should be assessed for:
· real-time habitat classification—used to verify and map the variety and extent of the benthic habitats at risk. Observations of benthic habitat features should be recorded at fixed time intervals, or when a feature of interest or a change in habitat type is observed. These methods ensure data are collected instantaneously and can be immediately used for generating maps, allowing information to be passed to other teams quickly.
· quantitative analysis of high-quality still images taken during benthic transect surveys—used to measure community and health parameters for indicator taxa (e.g. Ref. 3; Ref. 4; Ref. 5; Ref. 6). The georeferenced still photo images should be subsampled at a standardised spatial separation then grouped for detailed point-intercept analysis. Choice of indicator taxa should be based on advice from subject matter experts, but will likely include corals, non-coral benthic macroinvertebrates, seagrass, and macroalgae.
Transect lengths should be consistent, randomly allocated, and cover the full site area as it has been defined (including representative depth ranges if appropriate). For longer transects, images may be best taken as a series of regular quadrats along a marked transect. In this instance, still (vertical) images of each quadrat should be taken using a photo-frame. The height of this should be fixed and constant. Generally, a 0.5 m height is sufficient.
Habitat data should be classified according to a hierarchal system of biophysical characteristics designed to consistently define benthic habitats (e.g. CATAMI classification scheme [Ref. 7]). The most common or dominant taxa within each assemblage should be classified to the greatest practicable taxonomic resolution. This classification depends on the clarity of the video footage, which will vary with weather conditions and water clarity. Database software should be used with pre-programmed habitat types or biota of interest, with the associated data on position and depth recorded. In the absence of this software, the GPS position and depth should be recorded at regular intervals.
Infauna Sampling
Infauna is the assemblage of animals (often microscopic) that live buried or partially buried with the sediment matrix (e.g. worms, bivalves, crustaceans). Sediment sampling collects infauna found directly below the surface in soft-substrates. Sediment samples are typically collected using a grab, although can also use trawls, dredges, box corers, suction samplers, and handheld corers (see AMSA [Ref. 1], Guideline M.9). Usually the entire sample is sieved for benthic infaunal analyses or if chemical subsamples are required; care must be taken to ensure the subsamples are very small to avoid losing organisms. Once sieving is completed, the remaining organisms are washed, fixed using formalin or ethanol (consult the identifying laboratory), stored safely, then sent to a laboratory. Because infaunal communities may be variable or patchy, it is standard practice to take replicate samples from any one site to provide an average of species richness and abundance, and provide a representative sample of the species present.
Guidance on Methods and Assessment of Potential Population Parameters - Seagrass Above- and Below-ground Biomass
Sediment grab samples should be collected within seagrass sites for above-/below-ground biomass. Sediment samples for seagrass biomass should be wet sieved with a 125 µm sieve on site and all seagrass material removed, dried on tissue paper, and weighed and frozen, before sediment and seagrass is sent to the laboratory for analysis. Seagrass material should be weighed in the laboratory.
5.1.3 [bookmark: _Toc48895901]Chemical Monitoring 
Chemical monitoring of water and sediment samples should be conducted at all biological monitoring sites, where practicable. Parameters to be tested and methods for water and sediments are described in detail in SMP: Water Quality Impact Assessment and SMP: Sediment Quality Impact Assessment.
Biota Tissue Sampling
Tissue samples of benthic organisms may be examined for chemicals at both impact and reference sites to determine the bioavailability and bioaccumulation of hydrocarbon contaminants. The requirement for tissue sampling should be determined based on the scale and magnitude of the impact. Selection of taxa depends on their relative abundance, and consequent ability to obtain suitable sample sizes over a range of sites and treatments (impacted, reference sites). Potential indicator taxa to be tested for bioaccumulation of hydrocarbons include:
· Bivalve molluscs (Ref. 8)
· Gastropod molluscs (Ref. 9)
· Macroalgae
· Infauna, corals and filter feeders may provide suitable alternatives (Ref. 10).
Following collection, tissues samples should be extracted from shells, and holdfasts removed from algae. Material should be separated by taxa and approximately 10-50 g wet weight of flesh for each sample, transferred into sterile packs, then frozen until delivery to the analytical laboratory. 
[bookmark: _Toc48895902]Monitoring Sites
[bookmark: _Hlk508714607]Sampling sites should be defined once data and information from the sources outlined in Section 4 are reviewed. This review shall help identify sensitive habitats, species, and protected areas.
Identify monitoring sites using these guidelines:
· [bookmark: _Toc453687415][bookmark: _Toc470102183]Likelihood and degree of hydrocarbon impact on benthic habitats
· Select several impact and reference locations over a large spatial area
· Similarity and representation of habitats, physical features, and sediment type between impact and reference sites
· Select and prioritise impact sites within representative benthic habitats at greatest risk of impact within the area affected by hydrocarbons, or those within areas of protection or conservation priority
· When selecting reference sites, key physical factors (i.e. Temperature, salinity, currents, aspect, habitat type, shore profile, substrate) should not differ significantly between these and impact sites
· Determine location areas (typically 0.2–2 km2) considering resolution needs. Replicate monitoring sites should be placed within benthic habitat locations
· Accessibility of habitat types.
During a large spill, dispersion of the spill may be influenced by seasonal patterns; in this case, reference sites should be selected to allow for sufficient spatial separation from potential impact areas.
[bookmark: _Toc48895903]Monitoring Frequency and Duration
In shallow coastal waters, surveys should be carried out during neap tides and daylight hours to maximise in-water visibility. Towed video and ROVs should have lights and laser scaling (where practicable) to mitigate for low light conditions, and for size estimates of benthic biota and conspicuous health impacts (e.g. areas of coral bleaching or disease).  
Monitoring frequency should consider the duration after the spill has occurred, with frequency decreasing as the rate of change and detectability in the spilled hydrocarbon decreases (i.e. monitoring effort is concentrated towards the period of time closest to the spill however any potential lag effects to sensitive receptors should be taken into account). 
The timing of the surveys should allow for adequate capture of natural (including seasonal) variability, and should consider tidal cycles. Slow growth of hard corals typically results in an annual sampling approach, but in order to assess impacts a more regular (e.g. seasonal) sampling strategy may be required. For ephemeral biota and infauna, which are highly variable in terms of biomass through the year, sampling should be undertaken at frequent intervals. Appropriate timing of field assessments can be derived from baseline survey data, other site- or region-specific (pre-spill) studies and or the boarder literature.
The duration of this SMP will depend on the time taken to achieve the termination criteria. The requirement for ongoing monitoring should be reassessed against termination criteria following review of the data from each round of sampling undertaken to support this SMP. 
[bookmark: _Hlk508714750][bookmark: _Toc48895904]Transport and Storage 
[bookmark: _Ref500764155][bookmark: _Toc453687417][bookmark: _Toc470102185]Recommended sample storage containers, preservation requirements and holding times are outlined in the following SMPs:
· Water samples - SMP: Water Quality Impact Assessment 
· Sediment samples - SMP: Sediment Quality Impact Assessment
· Tissue (biota) samples - SMP: See Table 5‑5
Infauna samples should be washed and fixed using formalin or ethanol (confirm with the receiving laboratory) and stored in glass containers. No holding times apply to preserved infauna samples. 
The Monitoring Provider should liaise directly with the receiving laboratory to confirm specific requirements. All samples should be accompanied by completed Chain of Custody (CoC) forms.
[bookmark: _Ref509485069]Table 5‑5: Storage and transport requirements for tissue samples
	Sample
	Preservation Method
	Storage Requirements
	Transport Requirements

	Tissues (biota) 
	· Samples stored in sterile aluminium foil and then bagged
· Heavy metal testing samples stored in plastic or glass
	Frozen (-20°C)
	Frozen (-20°C)

	Infauna 
	· Stored in glass containers
· Washed and fixed using formalin or ethanol (confirm with the receiving laboratory) 
	Room temperature, avoiding temperatures above 30°C) 
	Room temperature, avoiding temperatures above 30°C)





[bookmark: _Toc48895905]Sample Analysis
Recommendations for sampling analysis are outlined in the following SMPs:
· Water samples - SMP: Water Quality Impact Assessment 
· Sediment samples - SMP: Sediment Quality Impact Assessment
All samples should be analysed at NATA-accredited laboratories, using NATA accredited methods. Sampling analysis should be subjected to laboratory-specific QA/QC procedures and results included in laboratory results reports. 
[bookmark: _Toc48895906]Mobilisation requirements
[bookmark: _Hlk508699558]The Monitoring Provider shall provide a detailed procedure to demonstrate the steps in implementing the monitoring program, including QA/QC. Appendix A of the OSMP Framework provides example checklists for the Monitoring Provider to consider when implementing this SMP. 
[bookmark: _Toc504991990][bookmark: _Toc504992293][bookmark: _Hlk508709233][bookmark: _Toc48895907]Standard Operating Procedures
[bookmark: _Hlk502755154][bookmark: _Ref500934745]The standard operating procedures to implement this SMP are listed below or included as part of other SMPs:
· Physical 
· Biological
· Transect/quadrat surveys: Table 7‑1
· Infauna sampling: Table 7‑2
· Chemical
· SMP: Water Quality Impact Assessment 
· SMP: Sediment Quality Impact Assessment 
· Biota tissue samples: Table 7‑3
[Monitoring Provider is to develop/finalise the standard operating procedure for this SMP, in consideration of the aforementioned points, in addition to best practice documentation. Table 7‑1 and Table 7‑2 are provided as an example and must be revised to reflect Monitoring Provider’s standard operating procedures for the relevant survey techniques, described in Section 5].
[bookmark: _Ref509388561]Table 7‑1: Standard Operating Procedure for Benthic Habitat Assessment via Transect/Quadrat Surveys 
	No.
	SOP – Benthic Habitat Assessment via Transect/Quadrat Surveys

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Generate a field map with the location and coordinates of all monitoring sites, including reference sites, to meet the monitoring objectives

	3. 
	Define monitoring parameters including habitat type, boundaries, number of sites, number of transects, length of transects, and number of quadrats per transect, to meet the monitoring objectives

	4. 
	Assemble equipment and arrange access to vessel or other suitable monitoring platform 

	5. 
	Conduct Job Safety Analysis 

	Transect/Quadrat Surveys

	6. 
	Assess presence, abundance and/or percentage cover of each habitat type, at each site, using images from high resolution video or digital images captured using remote methods (e.g. ROV, towed video, drop camera etc.) or by divers (e.g. handheld cameras) 

	7. 
	Identify sites of similar benthic characteristics (e.g. depth, sediment type etc.) within the broader habitat area

	8. 
	Randomly select the locations of transects within each site
Note: these should be repeated in subsequent surveys to allow detection of change, including potential for subsequent recovery

	9. 
	Record and georeference the start location (latitude and longitude) of each transect, as well as the bearing and distance of each transect

	10. 
	Select photo quadrats along each transect. Photo quadrats should cover an area of 1 m2 (either 1 × 1 m2 photo, or 4 × 0.25 m quadrats, depending on water conditions and available equipment)
Note: If practicable, mark the quadrat boundary within each image as either a solid boundary (i.e. frame placed on the transect) or use underwater lasers to mark out a scale

	11. 
	Maintain a consistent method of capturing photographs among surveys, and where possible, across all survey sites (Note: Technology improvements may be incorporated into surveys). If practicable, use sufficient lighting to capture high-quality downward-facing images (taken from a still camera or still images from video transect footage)

	12. 
	Conduct appropriate number of replicate transects at each site

	13. 
	After retrieval, QA/QC check and backup data on site

	14. 
	Analyse data using appropriate software to determine presence, abundance and/or percentage cover based on point-intercept estimates of multiple points



[bookmark: _Ref509324222]Table 7‑2: Standard Operating Procedure for Benthic Habitat Assessment via Infauna Sampling  
	No.
	SOP – Benthic Habitat Assessment via Infauna Sampling 

	Pre-work

	1. 
	All sampling should be conducted under the appropriate permits from the responsible government department

	2. 
	Determine safety and logistical constraints for deployment of personnel

	3. 
	Identify initial priority areas for monitoring and number and frequency of sampling sites

	4. 
	Assemble equipment

	5. 
	Conduct Job Safety Analysis 

	Infauna sampling 

	1. 
	Check the site for a hydrocarbon slick before setting up sampling equipment. As most sediment sampling equipment passes through the water column in the open position and only closes when it contacts bottom sediments, there is potential for contamination from a surface slick. 
If there is a surface slick, deploy a boom from the vessel and use absorbent pads to remove surface hydrocarbons from within this area. Note the presence of a slick and actions taken in the field notes. Hydrocarbon absorption using this method may not completely remove the risk of contamination but may reduce it

	2. 
	Check the equipment is empty so that no sediment remains from previous sampling

	3. 
	Clean sampling equipment by rinsing with decontamination solution

	4. 
	Follow manufacturer instructions for how to safely and accurately set up the sampling equipment

	5. 
	Check that sampling equipment triggers are correctly set up before deployment

	6. 
	The sediment sampling equipment may be deployed over the side of the vessel via a Hiab or through an A-frame via a deck winch. The Team Lead should run the deck operations, guiding the Hiab and winch operators and any assistants

	7. 
	Lower the equipment into the water column at a rate of approximately half a metre per second. It is important that the equipment is not allowed to free-fall or to be jolted during the decent as this may trigger the catch mechanism and result in an invalid sample  
Use various equipment (e.g. the vessel’s echo sounder, ultra-short baseline, markings on the rope or cable etc.) to judge water depth water and the position of the sediment sampling equipment

	8. 
	Once the equipment has reached the seabed, the rope/cable should continue to be released (approximately one metre) to allow tension to be removed, to ensure the catch mechanism is released, so a sample is taken.  Preferably, sampling equipment should have an attached camera that can take plan view and downward-facing photos of the seabed

	9. 
	Take samples using the selected equipment. Retrieve equipment 


	10. 
	Assess the sediment samples before removing them from the sediment sampler to check that sufficient volume was collected and no loss of sediment that could affect the integrity of the sample

	11. 
	Take photos of the sample before removal, including a photo slate that shows:
· Date and time
· Sample reference (including information on location, site, and replicate number)
· Scale bar

	12. 
	A sample description should also be completed including date, time, sample reference and a description of the sediment characteristics, including Munsell colour, odour, sediment type, grain size, presence of foreign material, vegetation and shell fragments

	13. 
	The benthic infauna sample will be carefully extruded from the sediment sampler and then transferred to a 1 mm mesh screening box

	14. 
	Carefully wash the entire sample through a series of graded sieves, starting with the largest diameter at the top and the 1 mm on the bottom. 
Note: If on a vessel a deck hose should be used; if on the shoreline, use a battery powered pump capable of pumping sea water

	15. 
	Carefully check each sieve for infauna and discard larger particle diameters from the sieves > 1 mm in mesh diameter, but only after careful inspection for infauna which may not have passed through to the 1 mm sieve

	16. 
	Of the remaining material in the 1 mm sieve, carefully wash the contents into a sample container and fix with formalin or ethanol (check with receiving laboratory). Do not freeze the samples

	17. 
	Label container  immediately with:
· Sample number or code
· Analysis required
· Depth
· Time and date (24-hour clock and dd/mm/yyyy)

	18. 
	Place samples in a crate for transport to the laboratory for analysis.  Keep samples out of direct sunlight where possible

	19. 
	Complete laboratory-specific CoC forms

	20. 
	Complete a field log at each site, including details on:
· Time personnel arrived at site
· Environmental conditions at the site
· Presence/absence of a hydrocarbon slick
· Sample details for individual samples (as above)
· Sample description notes (oil, debris, thick slick, film etc.)
· Location of each sample (gps coordinates, place names e.g. Sandy island – western side)
· Full name of person taking sample
· Full name of witness (if sampling for legal purposes)
· Model and serial number of monitoring instruments
· Sample site reference code 
· Number of samples taken from location 
· Photograph numbers recorded at this site
· Time departed site

	21. 
	Take photographs throughout the sampling process of:
· Sampling area
· Sampling site
· Sampling jar before the sample is collected
· Sampling process
· Sample container with contents and being sealed
· Sealed and secured sampling jars in the case
· Completed paperwork
· Sealed and secured case on completion of the sampling
Keep a record of what photographs were taken (on field log) to assist with compiling the documentation at a later time



[bookmark: _Ref509484933]Table 7‑3: Standard Operating Procedure for Biota Tissue Collection for Hydrocarbon Analysis
	No. 
	SOP: Tissue Collection For Hydrocarbon Analysis

	Pre-work

	1. 
	All sampling should be conducted under the appropriate permits from the responsible government department

	2. 
	Tissue collection should only be done by suitably trained personnel

	3. 
	Arrangements should be made with an accredited NATA laboratory and requirements regarding sample containers, storage, and transport requirements confirmed

	Biota tissue sampling

	1. 
	Determine suitable method of tissue collection (e.g. divers, specialized sampling equipment attached to an ROV or scientific beam trawl [where no benthic primary producer habitat is present this can be used to collect benthic macrofauna e.g. echinoderms and bivalves])

	2. 
	Powder-free nitrile gloves should be used

	3. 
	Cutting tools should be cleaned and rinsed with isopropyl alcohol between tissues (if instruments become heavily oiled they should be cleaned with detergent, rinsed with water, and then rinsed with alcohol)

	4. 
	Recommended minimum sample size is 10-50 g of tissue

	5. 
	Tissue samples should be preferably stored in solvent-rinsed Teflon-lined glass jars (if glass jars are not available, samples can be wrapped in aluminium foil (dull side to sample) and placed in a zip-lock bag)

	6. 
	If samples/tissues come into contact with a contaminating material (e.g. plastic bag), collect and store a representative example of that material (e.g. plastic bag) using above methods

	7. 
	Duplicate hydrocarbon and histology samples wherever possible

	8. 
	All samples should be labelled, using a permanent marker, with the unique tissue identification, sampling date/time, species (e.g. Field ID number)

	9. 
	Samples should frozen, if possible

	10. 
	Fill in chain of custody form 





[bookmark: _Toc48895908]Equipment Requirements 
[bookmark: _Ref500420602]The equipment requirements to implement this SMP are provided in Table 8‑1. 
[Monitoring Provider is to develop/finalise the equipment list specific to each SOP as per template below. Table 8‑1, is only provided as an example and must be revised to reflect Monitoring Provider’s requirements]. 
[bookmark: _Ref505592160][bookmark: _Ref505592157]Table 8‑1: Benthic Habitat Assessment Equipment List
	Item

	Transect/Quadrat Surveys   

	Suitable sampling platform (if vessel, then this should be equipped with an echo sounder, lifting equipment (e.g. hiab, a-frame with winch etc.) and suitable deck space)
	

	Specialist equipment:
· ROV/AUV/drop camera/towed camera with accompanying accessories (e.g. lighting, laser scaling, where practicable)
· USBL positioning (if required)
· dive spread (only if remote methods are not appropriate)
· multiparameter probe/CTD
· benthic grab
· remote sensing platform
	

	Field laptops with relevant software (e.g. CPCe, video editing, CATAMI)
	

	Quadrats (various sizes), transect tapes and metal ruler (for dive surveys)
	

	Infauna Sampling 

	Sediment sampler, such as Van Veen grab and/or box corer
	

	Formalin or ethanol 
	

	Large (i.e. 1 litre) plastic or glass screw top containers for infauna samples
	

	Sieves for sorting of infauna samples (range of sizes down to 1 mm)
	

	Glass mixing bowl
	

	Stainless steel spoons
	

	Crates with lids for storage and transport of infauna samples
	

	Chemical monitoring 

	Water quality sampling equipment – As per equipment list in SMP: Water Quality Impact Assessment 
	

	Sediment quality sampling equipment – As per equipment list in SMP: Sediment Quality Impact Assessment
	

	[bookmark: _Hlk509490753]Biota tissue sampling 

	ROV and specialised sampling equipment; diving operation equipment; or scientific beam trawl 
	

	Cutting tools 
	

	Aluminium foil
	

	Laboratory provided sampling jars for sample collection (e.g. Teflon jars)
	

	Isopropyl alcohol to rinse instruments
	

	Ziplock freezer bags
	

	Esky for sample storage
	

	Freezer ice blocks (frozen)
	

	General 

	CoC documents
	

	Sampling PPE (Waders, wetsuit boots, disposable nitrile gloves, safety glasses / goggles, overalls, Personal Flotation Device)
	

	Booms and absorbent pads (for removing any surface oil present)
	

	GPS unit
	

	Cleaning products and equipment to decontaminate sampling devices between sites (e.g. detergent, distilled water, solvent)
	

	Bubble wrap
	

	Tamper-proof security seals
	

	Fridge and freezer for sample storage 
	

	Sampling log book or field notebook
	

	Digital camera with spare batteries 
	

	Camera set up for sampling equipment
	

	Sampling case to hold all sampling equipment ready for transport to a spill location
	

	Field laptop
	

	Hard drives for data backup
	

	Permanent markers and pens
	



[bookmark: _Ref506806240][bookmark: _Hlk508711038][bookmark: _Toc48895909]QA/QC Requirements 
This Section lists the minimum QA/QC requirements to implement this SMP. QA/QC may vary depending on the finalised monitoring design determined by the Titleholder in consultation with the Monitoring Provider. 
[bookmark: _Toc48895910]Biological monitoring 
QA/QC procedures should be used to minimise observer bias during real-time habit classification. This may include a test with expected habitats and indicator species to encourage consistent classification scoring between observers. QA/QC procedures should be used to objectively remove any photographic images that are not suitable for analysis (e.g. images that are blurred, smudged, out of focus, under-/over-exposed, or otherwise of bad quality). For QA/QC of the point-intercept analysis, a random selection of images should be re-analysed by an experienced observer to double-check for inconsistencies or misclassifications.
Species lists of benthic infauna provided by taxonomy laboratories should be QA/QC checked using these methods:
· confirming current correct nomenclature and authorities using the World Register of Marine Species (WoRMS) Taxon Match Tool (http://www.marinespecies.org/aphia.php?p=match)
· rationalising data to remove pelagic taxa (e.g. ctenophores, chaetognaths) that are not part of the benthic community, so as to remove ‘ecological noise’ from the dataset
· excluding juvenile life stages from the data for analysis. Juvenile stages can provide a false assessment of level of impact and recovery because they can exhibit significant natural post-settlement mortality, which can mask or be attributed to anthropogenic impacts. Juveniles may be analysed separately to determine potential recruitment.
It is essential that appropriate procedures for metadata recording, data storage, and data backup are implemented to avoid loss of data and prevent confusion or misinterpretation of valuable data collected during the course of the monitoring program.
[bookmark: _Toc48895911]Chemical Monitoring 
[bookmark: _Toc502661780][bookmark: _Toc502661797][bookmark: _Toc503354166]Recommendations for QA/QC are outlined in the following SMPs:
· Water samples - SMP: Water Quality Impact Assessment 
· Sediment samples - SMP: Sediment Quality Impact Assessment

[bookmark: _Ref506806282][bookmark: _Toc48895912]Personnel Requirements 
Table 9‑1 below lists the minimum personnel requirements to implement this SMP.  Personnel requirements may vary depending on the methods to be implemented and the finalised monitoring design, as determined by the Titleholder IMT/EMT in consultation with the Monitoring Provider. 
[Monitoring Provider is to finalise the personnel requirements and competencies. Table 9‑1 is provided as an example and must be revised to reflect Monitoring Provider’s requirements].
[bookmark: _Ref500933769]Table 9‑1: Benthic Habitat Assessment Personnel Requirements and Competencies
	[bookmark: _Hlk508710989]Personnel 
	Responsibilities 
	Competencies  
	Check

	Specialist sampling team (2 to 3 people)
	· Define methodology and oversee monitoring program 
· Conduct sampling, record data and arrange transfer of samples to laboratories 
· Completing field data sheets
· QA/QC data quality 
	· Minimum degree in relevant subject
· Benthic habitat sampling experience
	





[bookmark: _Toc48895913]Data Analysis
[bookmark: _Hlk507407216]This Section lists the minimum data analysis and management requirements to implement this SMP.   Data requirements may vary depending on the methods to be implemented and individual Titleholder requirements. These should be discussed and confirmed by the Titleholder in consultation with the Monitoring Provider when finalising the monitoring design. However, the Monitoring Provider shall engage a reputable laboratory to undertake analysis using NATA accredited methods (where available) and/or demonstrated best practice in accordance with Australian Standards and industry guidelines. The LOR (where relevant) should be low enough to allow comparison against benchmark levels and confirmed with the selected laboratory prior to sampling.
All data analysis methods should be clearly described as part of any reporting. The methods should be sufficiently detailed such that the analysis can be independently replicated and the same results obtained by a competent third party unfamiliar with the monitoring program.
Comparisons of results from exposed and reference sites should be made, including appropriate statistical comparisons. 
Interpretation of results should be presented spatially to identify impacts at local and regional scales. Comparisons should also be made within and between sites over time following repeated sampling.
Available data from other OMPs and SMPs that may inform data analysis (e.g. spatial extent, including information on water depths and hydrocarbon contamination) should be considered where applicable. 
The data analysis outcomes of this SMP should be presented in a format(s) that can be applied to other SMPs to support assessment of cause-effect pathways for the determination of spill impacts to sensitive receptors. Data analysis should also consider the termination criteria for this SMP.
[bookmark: _Toc48895914]Field Data
Any digital field data, including video footage and still images should be downloaded as soon as practicable following retrieval of the instrument and backed up onto independent storage media (e.g. USB drives). Written field data should be entered into digital format at least daily (e.g. transcribed into spread sheets, hard copies scanned) and backed up onto independent storage media (e.g. USB drives). All written data sheets should be stored securely. All data in digital format should be transferred for additional data security where practicable. 
11.1.1 [bookmark: _Toc48895915]Biological data analysis 
Many of the monitored parameters outlined for each benthic habitat should be measured and quantified from video and still photos collected in the field. Percentage cover of common and conspicuous organisms (e.g. adult corals) should be quantified with the aid of image analysis software such as point-intercept software CPCe (Ref. 11). For relatively small or discrete organisms (e.g. polychaetes), the density of organisms should be recorded per unit area. 
Observations of reproduction or recruitment and signs of obvious stress, such as mucus production, bleaching, tissue damage or (partial) mortality, should also be recorded at a level of detail and accuracy that is considered appropriate to address the defined objectives of the monitoring. In deepwater habitats, low density of biota will prevent use of CPCe analysis, and therefore analysis of the video should be undertaken instead.
To assess the health and condition of indicator species within each benthic habitat, qualifiers such as those in the CATAMI classification scheme (Ref. 7; Ref. 12) should apply during the point-intercept analyses described above (e.g. for corals – healthy appearance, partially or fully bleached; Ref. 13). 
Where possible, image analysis and machine learning methods should be used (e.g. Ref. 14) after verifying they provide data of similar quality and accuracy as manual image analysis.
Surveys relating to BACI designs are intended to be analysed using appropriate and rigorous statistical procedures such as ANOVA (univariate and/or multivariate approaches) or similar. Evidence of impact should be based, in part, on whether there is a statistically significant interaction following the oil spill event (Ref. 15; Ref. 16). The appropriate number of replicates to achieve a desired level of power should be determined at the end of the monitoring period.
Surveys relating to gradient designs should be analysed, where possible, based on statistical procedures described in Ellis and Schneider (Ref. 17) and Lincoln-Smith and Cooper (Ref. 18). Ellis and Schneider (Ref. 17) also proposed using ANOVA to investigate changes in abundance as a function of distance, transect area, replicate, sediment size, and depth.
Benthic infauna samples should be analysed in the laboratory using a stereo microscope to determine abundance and diversity (composition of species or genera), following recommended procedures (Ref. 19; Ref. 20). Observations of reproduction or recruitment (especially for dominant or critical species) should be recorded if considered appropriate to address the defined objectives of the monitoring. 
11.1.2 [bookmark: _Toc48895916]Chemical Data Analysis 
Recommendations for data analysis are outlined in the following SMPs:
· Water samples - SMP: Water Quality Impact Assessment 
· Sediment samples - SMP: Sediment Quality Impact Assessment
Analysis of biota tissue samples should be completed at an accredited NATA laboratory (where relevant). Tissues should be analysed for total petroleum hydrocarbons (TPHs: C10-14, C15-28, C29-36) and 19 individual polycyclic aromatic hydrocarbons (PAHs). Limits of reporting are detailed in Table 11‑1. 
For determining whether an external hydrocarbon sample collected is from a particular source, oil fingerprinting is required, whereby, the sample is tested via chemical methods (e.g., gas chromatography coupled with mass spectroscopy or flame ion detection). 
[bookmark: _Ref509486844]All laboratory results on bioaccumulation of hydrocarbons in tissue samples should be reviewed upon receipt and any anomalous values discussed with the laboratory. All data analysis should be clearly described in a method that accompanies any reporting. The method should be sufficiently detailed such that the analysis can be independently replicated and the same results obtained by a competent third party unfamiliar with the monitoring program.


Table 11‑1: Limits of Reporting for Laboratory Analysis
	Analyte
	Tissue
	Stomach/ Intestinal Contents
	Swab 
(µg/swab)

	TPH (mg/ kg)
	TPH C 10 – 14
	200
	200
	125

	
	TPH C 15 – 28
	200
	400
	250

	
	TPH C 29 - 36
	200
	400
	250

	PAH (µg / kg)
	Naphthalene
	50
	50
	10

	
	1-Methylnaphthalene
	50
	50
	10

	
	2- Methylnaphthalene
	50
	50
	10

	
	Acenaphthalene
	50
	50
	10

	
	Acenaphthene
	50
	50
	10

	
	Fluorene
	250
	250
	10

	
	Phenanthrene
	50
	50
	10

	
	Anthracene
	50
	50
	10

	
	Fluoranthene
	50
	50
	10

	
	Benz(a)anthracene
	50
	50
	10

	
	Chrysene
	50
	50
	10

	
	Benzo(b)&(k)fluoranthene
	100
	100
	10

	
	Benzo(a)pyrene
	50
	50
	10

	
	Indeno(1,2,3-c,d)pyrene
	250
	250
	10

	
	Dibenz(a,h)anthracene
	250
	250
	10

	
	Benzo(g,h,i)perylene
	250
	250
	10

	
	Coronene
	50
	50
	10

	
	Benzo(e)pyrene
	50
	50
	10

	
	TOTAL PAH
	1000
	1000
	10



[bookmark: _Toc48895917]Data Management 
Data received from the service provider should be formatted and saved as per standard accepted data formats to maximise interoperability between modelling and visualisations systems. Standardised data formats should provide efficiencies in automated data quality control and archiving systems. Archiving of both input data and simulated trajectories and fates of spilled hydrocarbons is critical for post incident performance analysis and potential forensic analysis of spill response procedure. Data should be stored digitally and backed up on to independent digital storage media. All datasets should be accompanied by a metadata summary and documented QA/QC procedures.
[bookmark: _Toc48895918]Reporting
[Monitoring Provider is to review and finalise reporting requirements listed below, including a description of the proposed content, indicative delivery timeframes etc.]
The recommended QA/QC protocols for record keeping related to this SMP include: 
· all records should be kept in a field log. This log should be copied to an electronic spreadsheet each day
· all electronic data should be backed up onto external hard drives each day
· original hardcopies of datasheets should be transferred to a project folder and kept in a secure location (e.g. wheelhouse or vessel survey laboratory)
· GPS positional information and photographs should be downloaded and backed up onto external hard drives each day
· hard drives should be transported by the demobilising survey team
· copies of datasheets and analysis should be archived.
Data received from the laboratories (including backups) should be downloaded and stored on the Monitoring Provider’s computer system. These data are usually received approximately two to three weeks after receipt of that batch of samples. QA/QC’d data should be presented in spreadsheet format and then transferred to the Titleholder as required. 
[bookmark: _Toc48895919]Deliverables 
A final report that includes:
· Details of the impacts and subsequent recovery of benthic habitats and associated benthic organisms in response to a spill event and associated response activities, as well as comparisons of impact and reference sites 
· Determination of whether the termination criteria have been reached, including recommendations on the requirements of future monitoring
· Where appropriate, data provided by this monitoring should be integrated with data from other relevant SMPs to fully understand the three-dimensional distribution of the spill
· Any data outputs made available to other relevant SMPs.

[bookmark: _Hlk500930001]
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