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SCIENTIFIC MONITORING Plan (SMP): Commercial, recreational and aquaculture fisheries impact Assessment 
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1. [bookmark: _Toc510777143]Aim/objective 
To monitor potential contamination and tainting of important finfish and shellfish species from commercial, aquaculture and recreational fisheries to evaluate the likelihood that an hydrocarbon spill will have an impact on the fishing and/or aquaculture industry.
The specific objectives of this SMP are as follows: 	
· Assess any physiological impacts to important fish and shellfish species and if applicable, seafood quality and safety;
· Assess targeted fish and shellfish species for hydrocarbon contamination; and
· Provide information that can be used to make inferences on the health of fisheries and the potential magnitude of impacts to fishing industries (commercial, aquaculture and recreational).
[bookmark: _Toc510777144]Rationale 
[bookmark: _Toc504832171]This SMP should be initiated if OMP: Marine Fauna Assessment - Fish has identified that commercial, aquaculture or recreational species have been, or are at high risk of being exposed to the hydrocarbon spill. This SMP would continue with the chemical analysis of the flesh and extend the chemical assessment to stomach and intestinal contents, which can help to characterise the geographical spread, temporal trends and severity of contamination. 
Seafood safety is an important concern associated with significant hydrocarbon spill incidents and is a primary objective of Commonwealth and State/Territory public health industries (Ref. 1). Actual and potential contamination of seafood can substantially affect commercial and recreational fishing and subsistence seafood use, resulting in serious economic consequences.
The effects of hydrocarbon spills on fisheries is related to the quantity of hydrocarbons that has 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 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.
[bookmark: _Toc510777145]Initiation Criteria and Termination criteria
[bookmark: _Ref509228138][bookmark: _Ref509490803][bookmark: _Toc510777146]The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Commercial and Recreational Fisheries Impact Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	· Spill trajectory modelling, surveillance or monitoring predicts contact is possible to commercial, recreational, traditional species and or aquaculture species; or
· Advice has been provided to government to restrict, ban or close a fishery; or
· Declarations of intent by commercial fisheries or government agencies to seek compensation for alleged or possible damage.
	· Agreement has been reached with the relevant Jurisdictional Authorities to cease monitoring of fisheries; and 
· Contamination in the edible portion or in the stomach/intestinal contents attributable to the spill is no longer detected; or
· No differences are detected in commercial, recreational or aquaculture fisheries from control and impact sites; or
· The physiological and biochemical parameters in the studied species have returned to baseline levels; or
· Evidence that catch rates, species composition, community abundance, distribution and age structure of commercial fisheries and their by-catches have returned to baseline levels. 



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][bookmark: _Ref509231104]Table 4‑1 lists the inputs relevant to planning for the implementation of this SMP, once the notification to commence is initiated. 
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
Available regional information on fisheries 
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)
Review methods undertaken during baseline studies 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
· 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 Scientific Monitoring, including locations of exceedances of benchmark levels, where available
Results from OMP: Marine Fauna Assessment – Fish, particularly analysis of fish contamination and taint 
	Results from implemented scientific monitoring, if available (primarily SMP: Water Quality Impact Assessment and SMP: Sediment Quality Impact Assessment)


[bookmark: _Ref508716221]
[bookmark: _Toc510777147]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]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 and sediments 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. 
The monitoring design should ensure there is sufficient statistical power to provide the information needed at the desired level of confidence to support seafood management decisions. This SMP should be administered in conjunction with relevant authorities as information collected will assist in informing appropriate management decisions, such as the closure and re-opening of fisheries. 
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
	
	

	Offshore hydrocarbon plume that dissipates from source
	Gradient Approach and Lines of Evidence Approach
	At least two sites at each distance from source

	Hydrocarbon spill interacts with nearshore areas (e.g. coral reefs, seagrass etc.)
	BACI or IvC and/or Lines of Evidence Approach
	Will be determined as part of program finalisation



[bookmark: _Ref505590829][bookmark: _Toc510777148][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.
[bookmark: _Ref509319024]A summary of sampling types and techniques that may be suitable for this SMP are provided in Table 5‑2. 
Table 5‑2: Sampling Types, Methods and Parameters for Assessment 
	Type 
	Methodology
	Parameter

	Fish health (commercial, recreational and aquaculture) 
	Laboratory analysis of biopsies or fish carcases 

	Fish health indicators and biomarkers including:
· Liver detoxification enzymes (EROD activity)
· Polycyclic aromatic hydrocarbon (PAH) biliary metabolites
· Oxidative deoxyribonucleic acid (DNA) damage
· Serum sorbitol dehydrogenase (SDH) activity.
Hydrocarbon/chemical contamination and physiological impacts of exposure including:
· Condition factor (CF)
· Liver somatic index (LSI)
· Gonado-somatic Index (GSI)
· Gonad histology
· Total weight
· Total length
· Parasites
Any other abnormalities

	Fitness for human consumption (commercial, recreational and aquaculture)
	Seafood taint assessment
Laboratory analysis of biopsies
	Sensory assessment (taste, smell etc.)
Chemical analysis of muscle tissue and gut contents:
· Total petroleum hydrocarbons (TPH)
· Polycyclic aromatic hydrocarbons (PAH)
· Benzene, toluene, ethylbenzene and xylene (BTEX)
· Paraffins, Isoparaffins, Aromatics, Napthenes, and Olefins (PIANO)
· Metabolites of aromatic compounds by high performance liquid chromatography (HPLC) or gas chromatography-mass spectroscopy (GC-MS).

	Changes in fish resource stocks (commercial and recreational)
	Stock assessments
	To be conducted in consultation with relevant fisheries – requires catch and effort and relevant settlement data collected by fisheries

	Water and sediment quality analysis (chemical analysis)
	Water quality sampling
Sediment quality sampling 
	Refer to SMP: Water Quality Impact Assessment and SMP: Sediment Quality Impact Assessment



5.1.1 [bookmark: _Toc510777149]Indicator Species 
As this study is focussed on assessing the physiological impact on fisheries species and consumer health issues, species relevant to the commercial, recreational and aquaculture fisheries should be targeted. Indicator (target) fish and aquaculture species should be selected from the identified receptors at risk within the Environment that May be Affected (EMBA) to represent impact to fish health and should include demersal and/or pelagic commercial and recreational species based on the species available in sufficient abundance within the EMBA. The selection of an indicator species should be based on knowledge of which species represent the most sensitive component with reference to:
· Presence, abundance and distribution within the EMBA
· Availability of baseline information
· Vulnerability to the impacts of a hydrocarbon spill (e.g. finfish metabolise PAHs quickly, whereas bivalves tend to bioaccumulate contaminants).
The selected indicator species must be sufficiently widespread to allow sampling both inside and outside affected areas; where low numbers of preferred indicator species are collected, alternative species may need to be considered during the survey. Representative indicator fish species and aquaculture species should be collected using methods appropriate to the sampling habitat, characteristics of the target species, and the life-history stage. The samples collected in impacted areas should be compared to samples collected at suitable reference sites. If fish kills occurs, whole fish should be obtained and preserved for necropsy to attempt to determine the cause of death.
Depending on the characteristics of the fisheries selected for sampling, targeted fish species should be selected within relevant size classes for four suitable indicator species which should be used as proxies for all species comprising the fishery. 
5.1.2 [bookmark: _Toc510777150]Fish Health 
Specimens should be taken from impact and reference areas and the levels of biomarkers compared. In addition to stomach and/or intestinal contents analysed for the presence of petroleum hydrocarbons, the following biomarkers should be measured on at least two species of fish from each exposed and reference area:
· Liver Detoxification Enzymes (EROD activity): The petroleum hydrocarbons absorbed by the fish are metabolised by the liver using detoxification enzymes. These are quantified in the liver.
· PAH Biliary Metabolites: Petroleum compounds are directed to the bile for elimination out of the body. Biliary metabolites (e.g. naphthalene metabolites, pyrene metabolites and benzo(a)pyrene metabolites) of petroleum compounds represent the most sensitive biomarker of exposure to crude oil, and can inform on the temporal and geographical extent of the exposure to very low levels.
· Oxidative DNA Damage: Several contaminants, including petroleum compounds, can alter the integrity of the DNA molecule. This biomarker evaluates the oxidative damage done to the DNA molecules via the quantification of the 8-oxo-DG protein.
· Serum SDH: Serum sorbitol dehydrogenase informs on liver integrity and liver functions, which might be affected if exposure is high.
· Other physiological parameters, such as condition factor (CF), liver somatic index (LSI), gonado-somatic index (GSI) and gonad histology, should be determined along with total weight, length, condition, parasites, egg development, testes development, etc. All abnormalities, if any, should be photographed.
5.1.3 [bookmark: _Toc510777151]Fitness for Human Consumption 
Olfactory testing should be conducted using the duo-tri method in accordance with Australian Standards (Ref. 2). Using this method, a sensory panel will be asked to identify which samples of two (one exposed and one reference) is most similar to a control sample (either exposed or reference). 
Detailed chemical analysis of seafood after hydrocarbon spills is conducted using gas chromatography and mass spectrometry (GC/MS), which measures individual PAHs at very low detection levels and provides a PAH pattern (or fingerprint) to compare to that of the source hydrocarbon.  
Screening methods (i.e. rapid, low-cost analytical methods) should be employed initially to identify contaminated samples and prioritise them for detailed analysis. 
5.1.4 [bookmark: _Toc510777152]Changes in Fish Resource Stocks
To determine if the spill event has had any long term impacts on a fishery, catch rates, species composition or community abundance, distribution or age structure information should be collected from commercial fishing vessels and aquaculture facilities in the years following the hydrocarbon spill event.
5.1.5 [bookmark: _Toc510777153]Chemical Monitoring 
Chemical monitoring of water and sediment samples should be conducted at all 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.
[bookmark: _Toc510777154]Commercial Fisheries
Samples of commercial fishes including shellfish may be obtained from licensed fishers, either by commissioning the licence holder to collect the fish directly (preferable), or by purchasing fish/shellfish from licensed fishers portioning in the area. If purchasing fish/shellfish, the location at which the fish/shellfish were caught must be clearly identified. The collection method should be suitable for the target species and may include baited demersal fish traps, single lure lines, baited pots and trawler nets. Samples may also be obtained from catch landing sites for operational fisheries.
[bookmark: _Toc510777155]Recreational Fisheries 
Sampling to obtain fish targeted by recreational fishers should be undertaken via targeted fishing surveys conducted by a survey team at known recreational fishing locations. Once suitable sites have been identified, a vessel should be anchored and the GPS position of the site, water depth (m) and start and finish times for the angling activity should be recorded. The equipment and methodology used should be consistent with normal fishing activities employed by recreational trailer-boat and offshore fishing parties. Due to variability in catch associated with recreational fisheries and the methods used, it may be difficult to prioritise target species for the survey. Therefore, surveys for recreational fisheries should aim to collect between 80 and 100 fish in total. 
[bookmark: _Toc510777156]Aquaculture facilities 
Hydrocarbon modelling and other operational monitoring will provide information relating to the extent of the hydrocarbon release and the areas that are likely to have been exposed to spilled hydrocarbons. This information should be overlaid onto mapping depicting the location of aquaculture facilities in the EMBA, including sea-cage and land-based systems (where water is drawn from coastal intakes). If particular aquaculture facilities have been contacted or are likely to be contacted, then targeted monitoring should occur. For example, if areas where wild stocks of Pinctada maxima are collected for the pearling industry are exposed to hydrocarbons then exposure and reference sites should be selected to monitor the impact to this fishery. 
[bookmark: _Toc510777157]

Monitoring Sites
[bookmark: _Toc453687415][bookmark: _Toc470102183]Sites should be sampled as deemed appropriate to clearly investigate predicted impacts. In selecting sampling locations, all likely pathways of hydrocarbon exposure for the target species should be identified (e.g. surface slicks, dispersed or dissolved hydrocarbons in the water column, submerged hydrocarbon associated with bottom sediments) to ensure that risks to specific fisheries are evaluated. Initial site selection for specific fisheries should be initiated during the operational monitoring phase.
Additional sites might be included as deemed relevant to a comprehensive assessment of impacts on fisheries. Inclusion of commercial, recreational, and aquaculture areas should be considered and the ecology of species comprising a potentially impacted fishery should be a key determinant of the selection of sampling locations. Site attached species are the best indicators for use in statistical testing of comparisons between impact and reference sites. Species that are pelagic may be affected by hydrocarbon, but the surveys of populations of these species may not provide clear tests of impact/no impact as these species can move considerable distances in short periods of time. Based on the heterogeneity of ocean floor, it may be necessary to collect fish from several sites close-by (within 2 nautical miles (nm) from each other) in order to obtain sufficient number of fish and consequently, multiple ‘sampling pints’ might constitute a sampling site. 
Pre-exposure (baseline) samples from the spill area or samples from appropriate reference areas/populations/stocks should be collected as they provide valuable information on background levels of contamination within specific areas/populations or stocks. Reference samples are key to determining the range of background concentrations and the baseline against which changes over time in the level of contamination present within areas/populations/stocks can be evaluated.
The best reference samples are pre-spill samples taken in areas/populations/stocks not yet oiled but in the potential path of the hydrocarbon as determined by spill modelling. However, it is recommended that baseline physiological and biochemical data is collected for key commercially important fish and aquaculture species as a preliminary assessment of the impacts of a significant hydrocarbon spill. If pre-spill sampling is not possible, unexposed reference sites/populations/stocks comparable to contacted sites/populations/stocks should be selected for sampling. Site histories and differences in the characteristics of the sites and or the ecology of pelagic fisheries populations/stocks should be carefully evaluated to determine whether there are significant differences between the impact and reference sites/populations/stocks. For example, areas that escape oiling do so because they differ fundamentally from impact areas (for example, bays that face different directions) and so would not be expected to exhibit the same ’background‘ conditions. Mobile species may escape impact from a slick because of their activity patterns, or because of the depth they favour is not impacted by the slick. Other species which aggregate at the surface are likely to be more vulnerable to impact. Any differences between reference and impact sites/populations/stocks must be considered when analysing and interpreting results.
[bookmark: _Toc510777158]

Monitoring Frequency and Duration
Monitoring and collection of specimens should initially be conducted every four months for the first year following the control of the spill, then once a year, until all physiological and biochemical parameters of fish health measured on commercial and aquaculture species have returned to levels similar to those measured in the reference areas. Appropriate monitoring frequency and duration might be readjusted depending on:
· Spill conditions, such as hydrocarbon type and volume spilled;
· Flushing rates of affected water bodies;
· Degree of exposure to wave action of contaminated shorelines; and
· Species exposed and exposure duration. For example, finfish generally eliminate hydrocarbons within days or weeks. However, lifestyle might expose some species for longer time periods, e.g. Fish associated with the ocean floor might be exposed to contaminated sediments for a longer time relative to fish living in the water column. 
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: _Toc510777159][bookmark: _Hlk508714750]Transport and Storage 
[bookmark: _Ref500764155][bookmark: _Toc453687417][bookmark: _Toc470102185]Recommended sample storage containers and preservation requirements are outlined in Table 5‑3.
Containers and plastic bags must be labelled with all relevant information including: species, location, identification number, and date. The sample number should be recorded on the field sampling sheets containing species name, size, type of tissue, handling details, capture location, capture depth, and all observations of health, presence of visible hydrocarbons, etc.
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: _Ref510696894]

Table 5‑3: Storage and transport requirements for fish samples
	Sample collected
	Number of samples
	Analysis type
	Handling, storage and transport

	Blood sample from caudal vein
	1 per animal
	SDH Activity
	Sample coagulates at 4°C for 20 minutes
Sample centrifuged for 10 minutes
Half of serum frozen at -20°C
Half of serum placed in liquid nitrogen

	Dissected along ventral line
	1 per animal
	Examination for internal parasites
	Visual investigation and record of parasites found

	Bile from gall bladder
	1 per animal
	Biliary metabolites
	Collected using 1 ml syringe
Sample frozen at -20°C

	Liver
	1 per animal
	Liver somatic index
Histology
	Sample weighed
Subsamples frozen in liquid nitrogen

	Gonads
	1 per animal
	Gonadosomatic index
Histology
	Sample weighed
Preserved in glutaraldehyde for histology

	Carcass
	1 per animal
	Body less viscera weight
	Sample weighed

	200 g muscle tissue#
	1 per animal
	Hydrocarbon (chemical) analysis
	Wrapped in HPLC-grade rinsed aluminium foil and placed in a press seal food grade plastic bag
Frozen at -20°C or less

	400 g muscle tissue#
	1 per animal
	Taint or olfactory test
	

	Gut samples*
	1 per animal
	Hydrocarbon analysis
	


* Stomach contents of demersal fish could be biased due to bait in traps, therefore stomach contents from demersal fish should only be collected if it is identified as ‘other than bait’. Stomach and intestine contents should be collected from all pelagic fish. 
# Flesh samples collected for taint testing and for chemical analysis must be treated as two different samples.
[bookmark: _Toc510777160]Sample Analysis
Chemical analysis should be conducted in a National Association of Testing Authorities (NATA) accredited laboratory. 
Chemical testing should include analysis of:
· Total Petroleum Hydrocarbons (TPH);
· Benzene, Toluene, Ethyl-benzene and Xylene (BTEX);
· Paraffins, Isoparaffins, Aromatics, Napthenes, and Olefins (PIANO);
· ‘Petrogenic’ and ’Pyrogenic’ Polycyclic Aromatic Hydrocarbons (PAHs) (3-7 rings PAHs most important as some are known carcinogens); and
· Metabolites of aromatic compounds by High Performance Liquid Chromatography (HPLC) or Gas Chromatography/Mass Spectrometry (GC/MS).
If possible, the chemical analysis should fingerprint any residues of hydrocarbons. This should provide unequivocal identification that a certain fish sample has been ‘contaminated’ from the hydrocarbon spill, based on the fish sample having the same unique chemical fingerprint as the spill source. Published methods (e.g. Ref.3, Ref.4, revised NORDTEST methodology) for hydrocarbon spill identification are based on a gas chromatography- flame ionization detector (GC-FID) screening of all involved samples (Level 1) followed by GC/MS fingerprinting of spill and candidate source samples (Level 2), from which 24 diagnostic ratios of selected PAHs and biomarkers are extracted.
Recommendations for water and sediment quality analysis are outlined in the following SMPs:
· Water samples - SMP: Water Quality Impact Assessment 
· Sediment samples - SMP: Sediment Quality Impact Assessment
[bookmark: _Toc510777161]Mobilisation requirements
[bookmark: _Toc504991990][bookmark: _Toc504992293][bookmark: _Toc510777162][bookmark: _Hlk508709233]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. 
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:
· Fisheries Sampling: Table 7‑1
· Chemical
· SMP: Water Quality Impact Assessment 
· SMP: Sediment Quality Impact Assessment 
[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 Fisheries Sampling 
	No.
	SOP – Collection of Samples for Fisheries Sampling 

	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 

	4. 
	Euthanasia of live fish for evidence of taint may require liaison and permit approval from the relevant agency. Fish should be euthanased by iki jimi (spike through the brain).

	5. 
	Arrangements should be made with a specialist fish laboratory with NATA accreditation and requirements regarding sample containers, storage, and transport requirements confirmed.

	6. 
	Assemble equipment and arrange access to vessel or other suitable monitoring platform 

	7. 
	Conduct Job Safety Analysis 

	Sampling  

	8. 
	Investigate potential indicator species once the location and extent of the spill is known. Determine target sample size for each species, per site, prior to collection. 

	9. 
	Collect fish. Potential collection methods may include: netting, trawling, baited fish traps, spear fishing, and line fishing, depending on species selected and spill location

	10. 
	At each site, complete the field log , including details on:
· Weather conditions
· Time personnel arrived at site
· Environmental conditions at the site
· Presence of a hydrocarbon slick
· Sample details for individual samples/health assessments/fish mortality
· Sample description notes
· 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)
· Photograph samples recorded at this site
· Time departed site

	11. 
	Take photographs throughout the sampling process and add the relevant sample identification numbers to the field log

	12. 
	Identify samples, look for any visible signs of abnormality or physical stress to the fish, photograph the sample, and record the geographic coordinates of the place of capture

	13. 
	Take measurements of basic morphological data, including: length, weight, gonad weight, liver weight, sex, and reproductive stage

	14. 
	If biopsies are not to be done straight after specimen capture, then keep specimens alive in oxygenated aquariums until ready for biopsy

	15. 
	Obtain tissue and gut contents samples:
· A target of 200 g of flesh per sample (fish) for hydrocarbon (chemical) analysis or equivalent for other species (e.g. bivalves)
· A target of 400 g of flesh per sample (fish) for taint/olfactory analysis or equivalent for other species (e.g. bivalves)
Extract gut contents and place in a decontaminated, clean glass container. 
Notes: flesh should be wrapped in aluminium foil and placed in a ziplock bag.
For olfactory testing, samples need to be protected from dehydration and oxidisation by wrapping them in aluminium foil and then vacuum sealing them in a plastic bag.
Labels should be placed inside the bag but should not be in direct contact with the sample.

	16. 
	Collect blood serum, gall bladder, bile, liver, and gonad samples for analysis at a suitable laboratory 

	17. 
	Handle and preserve samples appropriately; mark all samples with appropriate sampling information 
Note: samples should be excised using a stainless-steel knife on a non-plastic surface (Note: plastics can contaminate samples with hydrocarbons so avoid plastic tools and any contact with anything plastic)

	Collecting Dead Fish 

	18. 
	If a fish kill is observed, collect and preserve (freeze) whole, dead fish for necropsy. If many dead fish are evident, estimate the total number and retain a reduced number (~20 fish per species) of representative specimens for necropsy. Comply with the standard procedure for reporting fish kills to the relevant State/Territory fisheries authorities



[bookmark: _Ref509324222]
[bookmark: _Toc510777163]Equipment Requirements 
[bookmark: _Ref500420602]The equipment requirements to implement this SMP are provided in Table 8‑1. Note that the chemical analysis of tissue samples will require an extensive list of equipment for extracting tissue and examining fish health. Table 8-1 provides a guide, however, a complete list should be developed in consultation with appropriate experts in this field (the ecotoxicologist responsible for biopsy collection and handling).  
[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: Fisheries Sampling Assessment Equipment List
	Item

	Fisheries Sampling    

	Bait
	

	Commercial fishing equipment (e.g. traps, aquaculture gear, lured lines, trawls, and/or pots)
	

	Aquaria and aerators for keeping live fish 
	

	Recreational fishing equipment (fishing rods, hand lines)
	

	Food-grade snap-lock plastic bags
	

	Aluminium foil rinsed with HPLC grade hexane
	

	Vacuum sealer and bags
	

	Glass containers from laboratory 
	

	Clean stainless-steel filleting/dissecting surfaces
	

	Fish identification publication
	

	Job Hazard Analysis (JHA)
	

	Coolers (including ice bricks)/liquid nitrogen dewars for sample transport
	

	Large heavy duty plastic bags
	

	Field laptops for data recording
	

	Balance (accurate to 0.01 g)
	

	Measuring tools (e.g. calipers, rulers, tapes)
	

	Centrifuge (take care when using centrifuges on vessels due to instability)
	

	Dissection kit (scalpels, scissors, hypodermic needles, syringes, filleting knives etc.)
	

	Glutaraldehyde (or other suitable fixative)
	

	Liquid nitrogen
	

	HPLC grade hexane
	

	Safety data sheets (SDS) for all chemicals
	

	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
	

	General 

	CoC documents
	

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

	Hand disinfectant
	

	GPS unit
	

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

	Tamper-proof security seals
	

	Fridge and freezer for sample storage 
	

	Sampling log book or field notebook
	

	Digital camera with spare batteries 
	

	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: _Toc510777164]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].
Table 9‑1: Fisheries Sampling 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
· Fish sampling experience
	



[bookmark: _Ref506806240][bookmark: _Toc510777165][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: _Toc510777166]Fish Sampling 
Once fish samples have been collected, the following checks should be conducted on all finfish and shellfish samples collected in the field:
· identify fish or shellfish to species level to check it is one of the targeted species
· use standard measurements for collection of population metrics, appropriate to the fish or shellfish to be measured
· check and record the location (exposure or reference site) from which it was collected
· check that dissection equipment has been decontaminated before commencing biopsy
· check that area where biopsy is being conducted is not at risk of contamination
· check correct number of samples for each targeted species has been collected
· check photos taken of samples to confirm they are in focus and labelled correctly
· check the correct procedures have been followed for storage


[bookmark: _Toc510777167]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: _Toc510777168]Data Analysis and management 
[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.
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. 
All analyses should be carried out on a duplicate data set; original monitoring data should not be altered during the analysis. Upon receiving the analytical results from a laboratory, the results should be reviewed for outliers and an assessment of the quality of the analysis made by a competent scientist. This assessment should be documented in the reporting on fisheries resources and any discrepancies discussed.
Any digital field data, including still images should be downloaded as soon as practicable 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. 
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: _Toc510777169]Fish sampling data analysis 
Chemical analysis of fish tissues for hydrocarbon analysis (including tainting) should follow the procedures outlined in Burns et al. (2011, Ref. 5) and Gagnon and Rawson (2011, 2012; Ref. 6 and Ref. 7). Equivalent procedures may also be considered provided they are capable of yielding information of equivalent or superior quality. Onshore chemical analysis should, where relevant, be completed at an ecotoxicology laboratory. 
Where required, olfactory tests may be conducted by a specially trained and assembled sensory panel drawn from accredited agencies to determine if seafood is tainted (e.g. has an off odour). Olfactory testing should be conducted using the duo-tri method in accordance with Australian Standards (Ref. 2).
Statistical analysis of fish tissue data should be undertaken and may include regression analysis relating hydrocarbon and/or chemical concentrations in the water column (or other relevant exposure index) to concentrations in fish tissues and various indexes and biochemical markers of fish health. Other analytical methods including mixed-effect linear models or analysis of similarities could also be used to examine before-after and impact-reference effects (and the interaction), in accordance with the sampling design implemented.
[bookmark: _Toc510777170]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
[bookmark: _Ref509486844]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: _Toc510777171]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: _Toc510777172]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: _Toc510777173]Deliverables 
A final report that includes:
· The impact of the spill event on commercial, recreational and aquaculture fisheries (including mortality, fish health and abundance, composition, distribution of commercial catches and of by-catches, age structure) and recovery of key process (i.e. Breeding) 
· Details of the impacts and subsequent recovery of fisheries in response to a spill event and associated response activities as well as comparisons of impact and reference sites, along with a 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]

[bookmark: _Toc510777174]Supporting documents, Standards and References 

	Ref. No.
	

	1. [bookmark: _Ref509491204]
	National Oceanic and Atmospheric Administration (NOAA). 2002. Managing Seafood Safety after an Oil Spill. NOAA, Seattle, Washington.

	2. [bookmark: _Ref509491235]
	Australian Standard 2542:Sensory analysis, Method 2.4 Specific methods- Duo Trio

	3. [bookmark: _Ref509491895]
	Faksness, L.G., Weiss, H.M., Daling P.S,. Revision of NORDTEST 2002, Methodology for Oil Spill Identification (SINTEF Applied Chemistry, 2002, Norway), SINTEF Report STF66 A02028, NORDTEST Technical Report 498.

	4. [bookmark: _Ref509491901]
	Daling P.S., L.G., Faksness, A.B., Hansen and S.A., Stout. 2002. Improved and Standardized Methodology for Oil Spill Fingerprinting. Environmental Forensics 3: 263.

	5. [bookmark: _Ref509491909]
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	6. [bookmark: _Ref509491923]
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