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1. [bookmark: _Toc514237671]Aim/objective 
To assess the impacts to and subsequent recovery of fish assemblages associated with specific benthic habitats (as identified in SMP: Benthic Habitat Assessment) in response to a hydrocarbon release and associated response activities.
The specific objectives of this SMP are as follows: 	
· Characterise the status of resident fish populations associated with habitats monitored in SMP: Benthic Habitat Assessment that are exposed/contacted by released hydrocarbons
· Quantify any impacts to species (abundance, richness and density) and resident fish population structure (representative functional trophic groups)
· Determine and monitor the impact of the released hydrocarbons and potential subsequent recovery to residual fish populations. 
[bookmark: _Toc514237672]Rationale 
The effect of hydrocarbons spills on fish assemblages is related to the quantity of hydrocarbons that have affected an area, the type of hydrocarbon, its chemical composition, its degree of weathering, the duration of exposure, the sensitivity of that species to hydrocarbons, existing environmental condition of the individuals and/or population and the ability of mobile species to move away from an area. The habitat utilisation, species metabolic capacity and feeding strategies (predatory, scavenger, omnivorous, grazer, filter feeder etc.) also affect the risk of exposure to, and uptake of, hydrocarbon contamination. Some specific impacts on fish include:
· Reduced sensory ability which disrupts behaviour
· Lowered immune efficiency (chronic) causing secondary infections
· Impairment of the viability of fish eggs and of the survival of fish larvae
· Ulcers and bleeding in the stomach from direct ingestion of hydrocarbon droplets
· Poisoning from ingestion of contaminated food sources
· Organ damage or failure
· Aquatic species with high fat content have a greater ability to bio-accumulate petroleum hydrocarbons in their tissues
· Uptake of dissolved petroleum compounds through the gills or other body surfaces. 
SMP: Benthic Habitat Assessment, should be consulted when finalising the monitoring design for this SMP.
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: _Toc514237673]

Initiation Criteria and Termination criteria
[bookmark: _Ref509228138][bookmark: _Ref509490803][bookmark: _Toc514237674]The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Marine Fish Assemblages Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	· Spill trajectory modelling, surveillance or monitoring predicts or confirms exposure to fish areas or fish habitat.

	· There has been no impact on fish and fish population structure; or
· Measured parameters of fish, fish habitat, and marine fisheries locations impacted by hydrocarbon spills have returned to within the expected natural dynamics of baseline state and/or control sites; and
· Agreement has been reached with the relevant stakeholders and Jurisdictional Authorities to cease monitoring this receptor.  


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
For many fish species, a range of baseline datasets exists for both pelagic (e.g. State/Territory Fisheries) and demersal species (e.g. State/ Territory Governmental Environmental Agencies)
Review methods undertaken during baseline studies, if available, to ensure that data collected during this SMP can be directly compared to the existing baseline data.
	Outputs from surveillance and response operations activities including:
· Spill type
· Spill volume and duration
· Spatial extent and movement of the spill.
Outputs from OMP: Water Quality Assessment and SMP: Water Quality Impact Assessment including; 
· Data streams from marine water quality monitoring, including the location and concentrations of hydrocarbons in marine waters.
	Results from implemented scientific monitoring, if available (primarily SMP: Water Quality Impact Assessment and SMP: Benthic Habitat Assessment)


[bookmark: _Ref508716221]
[bookmark: _Toc514237675]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]Assessments of fish populations should be carried out via field studies, based on methods that relate to the particular receptors identified at risk. Because fish populations can show considerable natural fluctuations and are subject to additional anthropogenic pressures from other sources (e.g. recreational and commercial fisheries), it can be difficult to isolate impacts from a single pressure. Therefore, it is particularly important to obtain useful baseline data, especially in the case of a large spill when reference sites may be difficult to obtain. For all fish population surveys, data should be obtained for replicate sites within and outside the area affected by hydrocarbons, and comparison of relative abundance of fishes (both total and for selected indicator species) and species richness should be determined using standard statistical procedures.
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 habitats, as determined through the relevant OMPs and SMPs (as data becomes available). These outputs should identify potential impact areas to be sampled, which will allow comparison of results to baseline values. 
The number of sites that can be monitored each day depends on the travel distance between sites, 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
	Will be determined as part of program finalisation

	Spill interacts with area of biological importance (bay/shoal/island)
	BACI or IvC and/or Lines of Evidence Approach
	Will be determined as part of program finalisation



[bookmark: _Ref505590829][bookmark: _Toc514237676][bookmark: _Ref505602800][bookmark: _Hlk505942542]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 suitable sampling types and techniques are provided in Table 5‑2. The scale and nature of the impacted area will determine which method or combination of methods is most appropriate. A summary of the advantages and disadvantages of each technique is summarised in Table 5‑3. 
[bookmark: _Ref509319024]Table 5‑2: Summary of Monitoring Types and Techniques for Marine Fish Assemblages Assessment 
	Monitoring Type 
	Purpose 
	Monitoring Technique/s 

	Biological
	To determine the impacts (abundance, richness and density) of hydrocarbons on fish assemblages.  
	Stereo Baited Remote Underwater Video System (SBRUVS) Survey 
Remotely Operated Vehicle (ROV) Survey 
Towed Video Surveys

	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 


	
[bookmark: _Ref509818852]Table 5‑3: Summary of advantages and disadvantages for each survey technique 
	Method 
	Advantages 
	Disadvantages 

	SBRUVS
	Deployment in range of depths
Simultaneous deployment of multiple systems increasing field efficiency
Accurate fish length measurements
	Biases due to addition of bait
Avoidance behaviour of some fish
Insufficient numbers of SBRUVS to cover large scale monitoring program area

	ROV
	Greater area of coverage
Deployment is less restricted over deeper and shallower areas
Can be used in complex substrate
Relatively accurate positioning
Can conduct fixed transects
Can sample fish that may not be attracted to bait of SBRUVS
	Avoidance behaviour of fish due to sound
Less accurate fish length measurements than SBRUVS

	Towed video
	Greater area of coverage
Cost effective compared to ROVs
Suitable for random sampling transects over large distances
Can sample fish that may not be attracted to bait of SBRUVS
	Constrained by depth 
Access to shallow areas restricted
Less accurate fish length measurements than SBRUVS



Table 5‑4: Recommended Parameters, Methods and Associated Metrics for Marine Fish Assemblages Assessment 
	Key Parameter/s
	Methodology
	Monitoring Metrics

	Fish species richness, relative abundance and fish length
	SBRUVS
ROV
Towed Video Survey
	Habitat type
Maximum number of fish belonging to each species
Identification of most abundant families
Identification of herbivores, carnivores, omnivores
Commonality of species (percentage of deployments)
Measurements for fish fork length (snout to fork)



[bookmark: _Toc514237677]Stereo Baited Remote Underwater Video System (SBRUVS) Survey 
SBRUVS is a suitable technique for assessing resident/site-attached fish populations. The SBRUVS consist of a galvanised steel frame onto which camera housings, an arm bearing a flashing diode and bait canister, ballast weights, ropes and floats are attached.  A flexible bait arm holds a plastic mesh bait bag containing suitable bait (e.g. crushed pilchards (Sardinops sagax neopilchardus)) at a suitable distance in front of the video housings.  Each housing contains a video camera fitted with a 0.6 X wide conversion lens (Figure 5‑1).  At the end of each deployment the footage should be downloaded from the cameras via suitable software and stored on portable hard drives in a compatible file format for data analysis. 
It is recommended that eight replicate units are deployed at each site with sampling stations separated by a minimum distance of 250 m between SBRUVS to avoid overlap of bait plumes and reduce the likelihood of fish moving between deployments within the sampling period.  Deployments should be for at least 60 minutes in order to maximise measures of diversity and relative abundance of fish.  These soak times are based on species accumulation curves derived from a north-western atoll reef fauna (Scott Reef) by Cappo et al. (2001, Ref. 1).
[image: ]
[bookmark: _Ref509575835]Figure 5‑1: Stereo Baited Remote Underwater Video System (SBRUVS) (after Langlois et. al. 2010, Ref. 2)
[bookmark: _Toc514237678]Remotely Operated Vehicle (ROV) Survey 
To complement the data collected during the SBRUVS survey, an ROV can be used. The conditions that the ROV can be operated in (e.g. deep water, high current locations) are determined by its specifications relating to its propulsion system, sensors and dimensions.  Video transects should be recorded using the ROV which will be controlled by the ROV technician via a tether. Real-time ROV movement should be observed on a high resolution monitor on the vessel via a live feed from the ROVs high resolution video camera. Depth and heading of the ROV can be electronically overlaid on the video image and lighting when needed is provided by the mounted lights. The video footage should be recorded to digital video tapes and backed up to portable hard drives and the memory cards from the digital still cameras should be downloaded and backed up once the ROV is back on deck. The ROV should be fitted with laser scales so that fish size can also be estimated. Two units must be present on site to provide full redundancy in the event of equipment failure. 
The ROV should descend, locate the site and undertake surveys at a steady height of approximately 1 m above the substrate to record footage. Transects are typically run in a mostly parallel and consecutive orientation and the distance between transects is determined by the width of the site. Parallel transects of up to 50 m length are recommended each site, however, this number may vary depending on the size of the site under examination. 
[bookmark: _Toc514237679]Towed Video Surveys
Towed video systems are an alternative to ROVs. The system is comprised of a high definition video camera and lights attached to a custom tow frame. An umbilical (which houses the camera power cable, control cable and live video cable) connects the camera and tow frame to a laptop, power supply and monitor on the vessel’s deck and is used to lower and retrieve the camera via a winch. The video footage is transmitted to the surface via the umbilical where the video footage can be watched by observers in real-time, and simultaneously recorded to digital video tapes, which are subsequently backed up to portable hard drives. 
[bookmark: _Toc514237680]Chemical Monitoring 
Chemical monitoring of water and sediment samples should be conducted at all surveyed 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 fish may be examined for chemicals at both impact and control 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). 
[bookmark: _Toc514237681]Monitoring Sites
[bookmark: _Hlk508714607]Sampling sites should be defined once data and information from the sources outlined in Section 4 are reviewed. This will ensure that the type, depth, and extent of the spill and habitats most likely at risk of impact can be incorporated into the survey design.
[bookmark: _Toc453687415][bookmark: _Toc470102183]If a spill event occurs and baseline data are not available and cannot be collected immediately before impact, greater sampling effort must be undertaken to ensure that the sampling design incorporates a suitable number of reference sites and impacted sites to maximise the possibility for attributing cause and/or detecting change. Reference sites are those that are minimally disturbed regarding their physical, chemical, and biological characteristics (Ref. 3). Reference sites should be selected in the same bioregion as the impacted sites to have comparable physical, chemical, and biological characteristics.
[bookmark: _Toc514237682]Monitoring Frequency and Duration
The frequency and duration of this monitoring program will be determined by the scale of the impact and subsequent recovery period. If the area of impact is small, then an initial survey of a couple of weeks duration with annual follow-up surveys may be sufficient. However, if the area of impact is large then it may take several months to survey all the affected areas and many years of repeat surveys may be required to monitor recovery. 
The results of this SMP should be assessed in conjunction with the results of SMP: Benthic Habitat Assessment, therefore it is suggested that the frequency of sampling for these monitoring programs should be consistent.
As a guide it is suggested that surveys are undertaken seasonally (dry, wet and transition) and continued until recovery from any impacts is observed. 
[bookmark: _Hlk508714750]The duration of this SMP will also 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: _Toc514237683]Transport and Storage 
[bookmark: _Ref500764155][bookmark: _Toc453687417][bookmark: _Toc470102185]Recommended sample storage containers, preservation requirements and holding times are outlined below:
· Water samples - SMP: Water Quality Impact Assessment 
· Sediment samples - SMP: Sediment Quality Impact Assessment
· Tissue (biota) samples - SMP: See Table 5‑5
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)



[bookmark: _Toc514237684]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: _Toc514237685]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: _Toc514237686][bookmark: _Hlk508709233]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:
· Biological
· Video surveys: Table 7‑1
· Chemical
· SMP: Water Quality Impact Assessment 
· SMP: Sediment Quality Impact Assessment 
· Biota tissue samples: Table 7‑2
[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. Tables 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 0].
[bookmark: _Ref509388561]Table 7‑1: Standard Operating Procedure for Marine Fish Assemblages Assessment via SBRUVS, ROV and/or Towed Video Survey
	No.
	SOP – Marine Fish Assemblages Assessment via SBRUVS, ROV and/or Towed Video Survey

	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 

	Video Surveys

	6. 
	Record and georeference the start location (latitude and longitude) of each transect, as well as the bearing and distance of each transect.

	7. 
	Use appropriate survey equipment/methods (e.g. SBRUVS, ROV, towed video), depending on species selected and spill location

	8. 
	SBRUVS
· Deploy up to eight replicate SBRUVS units/transects at each site
· Deploy SBRUVS from vessels using Hiabs or equivalent
· Separate sampling stations by at least 250 m between SBRUVS to avoid overlapping bait plumes and reduce the likelihood of fish moving between deployments within the sampling period
· Deploy for at least 60 minutes to maximise measures of diversity and relative abundance of fish

	9. 
	ROV
· Have two ROV units on site (if possible) in case of equipment failure
· Deploy ROV from vessel using Hiabs or equivalent
· Run transects up to 50m in length, depending on the scale of the site
· Run transects parallel to each other – the distance between transects will be determined by the width of the site

	10. 
	Towed video
· Deploy towed video from vessels using Hiabs or equivalent
· At the start of each transect, deploy camera system from the vessel and tow behind a drifting boat at a speed of approximately 1 knot and approximately 0.5 to 1m above the substratum
· Set camera at the correct height on the topside monitor and set to record
· Record GPS position to indicate the start position of the transects
· Use the GPS unit to determine when the camera has moved 50 m, stop recording and mark end position 
Note: the number of transects conducted will be determined by the dimensions of the site under investigation

	11. 
	Maintain a consistent method of capturing video between 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

	12. 
	After retrieval, QA/QC check and backup data on site

	13. 
	Analyse data using appropriate software

	14. 
	Assess selected parameters and metrics at each site using images captured by selected survey technique  



[bookmark: _Ref509484933]Table 7‑2: 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 containers (if glass containers 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: _Toc514237687]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: Marine Fish Assemblages Assessment Equipment List
	Item

	Transect/Quadrat Surveys   

	Suitable sampling platform (if vessel, then this should be equipped with an echo sounder)
	

	SBRUVS
· 8 SBRUVS frames including 1 spare
· Video cameras
· Base bars with housings securely attached
· Bolts for attaching base bars (4 for each system)
· Diode arms for each system
· Diodes
· Shark clips for each system
· Bait arms (include spares)
· Spare bait bags
· Ropes (check correct length for planned depth)
· Buoys (deep water at least two sets for each system)
· Weights and wires to attach weights (Deep water SBRUVS only)
· Bin and lid for bait 
· Grapple
· SBRUV tool kit including: ¾” spanners x 2, outside clip pliers for opening housings x 2, Pliers, Large shifting spanner, knife, Allen key for camera mounts, Phillips and flat head screwdrivers
· SBRUV spares kit including: silicone grease, ‘O’ rings, Lanox, hose clamps, bolts and wing nuts, duct tape and cable ties
	

	ROV
ROV propulsion system should include:
· 8 vectored brushless DC motors
· Auto heading, auto pitch, auto roll to 1 degree
· Auto depth to 100 mm.
ROV sensors as follows:
· 6-Axis heading, pitch, roll motion sensor with 1 degree resolution
· Depth sensor with 100 mm resolution
· Heading, depth, pitch, roll data – digital data output by RS232
· Downward facing Micron3 sonar altimeter
· Forward facing ROV cameras
· Forward facing high resolution colour zoom inspection camera
· 4 strobe lights synched to camera
· dimmable LED light units
· DGPS system
· 5mW Laser or equivalent image scaling system.
	

	Towed video 
· High definition video camera and spare
· Laser imaging scaling system
· 200 m umbilical cable and spare
· Tow frame
· Camera power lead
· Camera download box
· USB-to-USB camera download cable
· Serial-to-USB camera control cable
· Monitor
· Monitor power lead
· Video coax cable
· Garmin hand held GPS units
· JRC DGPS receiver and data/power cables
· VGA monitor cable
· Batteries
· Tool bag with tools including pliers, assorted spanners and screwdrivers
· Whiteboard and markers
· Whiteboard clock
· Large and small cable ties
· Electrical tape
	

	Field laptops with relevant software 
	

	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 containers for sample collection (e.g. Teflon containers)
	

	Isopropyl alcohol to rinse instruments
	

	Ziplock freezer bags
	

	Esky for sample storage
	

	Freezer ice blocks (frozen)
	

	General 

	CoC documents
	

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

	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: _Toc514237688]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: Marine Fish Assemblages 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
· Video survey sampling experience
	



[bookmark: _Ref506806240][bookmark: _Toc514237689][bookmark: _Hlk508711038]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: _Toc514237690]Biological monitoring 
Once video files have been collected at each site, procedures need to be followed to check the files to make sure that they are of sufficient quality for future data analysis. The following checks will be undertaken on all files collected and the process documented. 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.
Video files will be transferred from the SBRUVS, ROV or towed video to a computer
Once all files are loaded onto the computer, an initial optical quality check will be undertaken to confirm that the videos:
· Are taken of the monitoring site, not over the edge of the habitat under investigation
· Are not blurry
· Are not over/under exposed or have shadows where possible
· Are not too close/too far away from the substrate
Once confirmed that the video footage is suitable, the vessel will move to the next monitoring site. If imagery is not suitable then the equipment will be redeployed (if conditions are still suitable) and sampling will be undertaken again as described in this SMP.
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: _Toc514237691]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: _Toc514237692]Data Analysis and management 
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.
[bookmark: _Toc514237693]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. 
[bookmark: _Ref506806282][bookmark: _Toc514237694]Data Analysis
[bookmark: _Hlk507407216]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.
Data from other OMPs and SMPs that are available 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.
11.2.1 [bookmark: _Toc514237695]Biological data analysis 
All laboratory results on bioaccumulation of hydrocarbons and other chemicals 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.
11.2.2 [bookmark: _Toc514237696]Stereo Baited Remote Underwater Video System (SBRUVS) Survey 
High-definition stereo BRUVS footage will be converted from .m2ts to .mpeg format using suitable software (i.e. Elecard Converter Studio AVC HD V 3.0. EventMeasure and PhotoMeasure software). This software should be used to view and analyse footage for measures of fish species richness, relative abundance for all species, and size structure for the ten most abundant species. All fish data and still reference images should be run through QA/QC procedures before being provided to the Titleholder. 
11.2.3 [bookmark: _Toc514237697]Remotely Operated Vehicle (ROV) Survey and Towed Video Surveys
Analysis of video transects will be conducted in two stages. First, taxon counts will be determined by viewing the video at normal speed and recording identifiable fish as they pass through the ‘gate’ formed by the two laser dots. Second, frame grabs will be extracted from the video at five-second intervals. The video footage and still images will be analysed for measures of fish species richness, relative abundance for all species, and size structure for the ten most abundant species. All fish data and still reference images will be run through QA/QC procedures before being provided to the Titleholder. 
11.2.4 [bookmark: _Toc514237698]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, hydrocarbon fingerprinting is required, whereby, the sample is tested via chemical methods (e.g., gas chromatography coupled with mass spectroscopy or flame ion detection). 
All laboratory results on bioaccumulation of hydrocarbons and other chemicals 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.
[bookmark: _Ref509486844]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: _Toc514237699]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 and/or other chemicals 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: _Toc514237700]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; and
· 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: _Toc514237701]Deliverables 
A final report that includes:
· Spatially explicit information on the concentrations and nature of hydrocarbons for all water samples;
· Digital maps generated of hydrocarbon concentrations and associated data;
· Details of the impacts and subsequent recovery of fish assemblages in response to a spill event and associated response activities as well as comparisons of exposure sites and reference sites, along with a determination of whether the termination criteria have been reached, including recommendations on the requirements of future monitoring; and
· 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; and
· Any data outputs made available to other relevant SMPs.

[bookmark: _Toc514237702][bookmark: _Hlk500930001]Supporting documents, Standards and References 
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	Cappo, M., Speare, P., Wassenberg, T. J., Harvey, E., Rees, M., Heyward, A. and Pitcher, R. 2001. Use of baited remote underwater video stations (BRUVS) to survey demersal fish – How deep and meaningful? In: Harvey, E. S., Cappo, M. (eds) Direct sensing of the size frequency and abundance.

	2. [bookmark: _Ref509491235]
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