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1. Aim 
To assess the impact (extent, severity, and persistence) and subsequent recovery of intertidal and coastal 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 intertidal and coastal habitats and associated biological communities, post-spill and post-response recovery
· Monitor the subsequent recovery from the impacts of the hydrocarbon release. 
[bookmark: _Toc514234983]Rationale 
This SMP encompasses intertidal habitat and associated biological communities (fauna and flora) found along the shoreline between the highest and lowest astronomical tidal levels. Habitats in this zone are considered highly at risk from spill impacts. Flora and fauna covered by this SMP include:
· Flora: mangroves, tidal saltmarsh, microphyto benthos, macroalgae and seagrass (only those occurring in the intertidal zone); 
· Invertebrates: intertidal corals, molluscs, crustaceans, and any other rocky, muddy and sandy shore biota occurring in the intertidal zone; and
· Vertebrates: those, like non-marine reptiles and mammals, not covered by other SMPs[footnoteRef:1]. [1:  Refer to the OSMP Framework for a complete list of SMPs.  ] 

Impacts on shorelines and intertidal benthos vary according to the species present, hydrocarbon type and response options used. The morphology of shoreline and intertidal ecological components or communities (e.g. intertidal corals) will influence degree/duration of exposure and resultant impacts (e.g. branching corals are more susceptible than massive or plate-like corals; Ref. 1). 
Impacts arise from direct contact, ingestion or absorption of hydrocarbons. The impact can be short (acute) or long (chronic) term. Indirect impacts can also occur through contamination of the surrounding environment causing habitat loss, loss of keystone species (e.g. herbivorous urchins), reduced food availability and genetic mutation (Ref. 2). The relationship between exposure levels and degree of impacts should be investigated through the final monitoring design. 
The response of intertidal ecological components to spill impacts may be an initial die-off, followed by an uncontrolled proliferation of algae. This can either cause a temporary, recoverable community shift, or long-term ecosystem change by changing the trajectory of community succession. 
Height on the shore will affect the intensity, duration and type of exposure to hydrocarbons in intertidal communities.  Seasonality may also have some bearing on the intensity of hydrocarbon and dispersant impacts due to differences in temperature/light and weather conditions. 
The most important aspect of oiling extent within intertidal areas depends on the neap and spring tidal cycle, and seasonal highs and lows affecting mean sea level. Hydrocarbons will deposit at the highest tide level as it first arrives along a shoreline (Ref. 3; Ref.4). This means it may well fall short of reaching the HAT level, but well within the mangrove and saltmarsh zone. Hydrocarbons deposit similarly at the low tide level – mostly affecting intertidal mud flats fronting mangroves.
The intertidal and coastal environment can be impacted during clean-up operations, which can alter the elevation or profile of the shoreline. Staging areas, foot traffic from responders and machinery engaged in clean-up operations can all lead to erosion of this sensitive environment. Therefore, physical changes to the shoreline profile and character should be included in the monitoring design. 
This SMP will provide information to help understand the impacts to intertidal and coastal 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: _Toc514234984]Initiation Criteria and Termination criteria
[bookmark: _Ref509228138][bookmark: _Toc514234985]The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Intertidal and Coastal Habitat Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	· Spill trajectory modelling, surveillance or monitoring predicts or confirms exposure of coastal or intertidal habitats or communities to hydrocarbons.
	· Agreement has been reached with the relevant stakeholders and Jurisdictional Authorities to cease monitoring this receptor; and
· There has been no impact to coastal and intertidal habitats and associated biological communities (confirmation that habitats and species were not exposed to hydrocarbons); or
· Measured parameters of coastal and intertidal 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.


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. DoAWE, 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 OMP: Shoreline Clean-up Assessment Technique activities including:
· Intertidal habitat distribution, extent, and impact (i.e. maps, photographs, Excel datasheets)
· Intertidal assessment methods
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 implemented scientific monitoring, if available (primarily SMP: Water Quality Impact Assessment, SMP: Sediment Quality Impact Assessment and SMP: Benthic Habitat Assessment)


[bookmark: _Ref508716221]
[bookmark: _Toc514234986]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]Intertidal habitats support various biological communities, which vary in their sensitivity to hydrocarbon spills. Some ecosystems have been reported to recover quickly from spills, with little or no noticeable harm, while others experience long-term harmful effects. To help inform scientific monitoring, it is essential that the pre-impact condition of the intertidal habitats of interest are known or can be reliably inferred. This can be achieved by assessing pre-impact baseline data (if available) or inferring from reference sites that are considered comparable to impact locations.
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, 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: _Toc514234987][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 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 Intertidal and Coastal Habitat Assessment
	Monitoring Type 
	Purpose 
	Monitoring Technique/s 

	Physical 
	To provide observations and measurements used to describe the physical environmental conditions during intertidal surveys
	Shoreline profiling 

	Biological
	To determine the extent, severity, and persistence (including recovery) of impacts on intertidal habitats and associated biological communities.
	Ground and vessel-based intertidal surveys (e.g. quadrats, transects, 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: _Toc514234988]Physical Monitoring 
Monitoring physical parameters complements biological monitoring, where direct changes to the intertidal habitats are measured. Physical monitoring should be conducted at all biological monitoring sites, where practicable.
The physical character of the intertidal 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
	[bookmark: _Hlk513623802]Parameter
	Method

	Surface and subsurface oil observations, mass of oil on intertidal zone
	Refer to data collected from OMP: Shoreline Cleanup Assessment Technique 

	Substrate type
	Refer to data collected from OMP: Shoreline Cleanup Assessment Technique 

	Form: geomorphological type, dimensions, profile, or gradient
	Refer to data collected from OMP: Shoreline Cleanup Assessment Technique 

	Energy: winds, waves
	Refer to data collected from OMP: Shoreline Cleanup Assessment Technique 

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

	Sediment Quality
	Refer to data collected from SMP: Sediment Quality Assessment


5.1.2 [bookmark: _Toc514234989]Biological Monitoring Parameters
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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 intertidal habitat(s) surveyed. This risk-based approach initially focuses on response indicators that show early warning signs of effect (e.g. molluscs) in intertidal habitats. 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 Coastal and Intertidal Habitats
	Habitat
	Ecological Community
	Taxa
	Suggested Biological Survey Method
	Community Parameters
	Population Parameters
	Individual Health and Condition Parameters

	Rocky shoreline
	Algae 
	Macroalgae
	Stratified/haphazard sampling using quadrats/transects
	· Percentage cover1
· Diversity1
· Distribution1
· Dominant taxa1
	· Density/distribution of sensitive taxa1
· Above-ground biomass1
	· Hydrocarbon cover
· Leaf/blade/thallus condition1
· Plant height1
· Tainting2

	
	Epifauna
	Molluscs2, barnacles, chitons, crabs2
	Stratified/haphazard sampling using quadrats/transects
	· Density of organisms
· Diversity
· Distribution
· Dominant taxa
	· Density/distribution of sensitive taxa
· Size structure1
	· Hydrocarbon cover
· Tainting2

	Sandy beach
	Infauna
	Amphipods, polychaetes
	Sediment sampling (e.g. handheld cores) 
	· Density of organisms3
· Diversity3
· Distribution3
· Dominant taxa3
	N/A
	· Tainting2

	Low (intertidal) tidal flats
	Algae and plants
	Macroalgae (e.g. Sargassum), seagrass
	Stratified/haphazard sampling using quadrats/transects
	· Percentage cover1
· Diversity1
· Distribution1
· Dominant taxa1
· Canopy height1
	· Density/distribution of sensitive taxa1
· Above/below-ground biomass1
	· Hydrocarbon cover
· Thallus/leaf/blade condition1
· Plant height1
· Tainting2

	
	Epifauna
	Hard corals, soft corals, filter feeders, molluscs2, crabs2
	Stratified/haphazard sampling using quadrats/transects
	· Percentage cover/ density of organisms
· Diversity
· Dominant taxa
	· Density/distribution of sensitive taxa
· Size structure1
	· Hydrocarbon cover
· Health indicators (bleaching, disease)
· Tainting2

	
	Infauna
	Amphipods, polychaetes
	Sediment sampling (e.g. handheld cores) 
	· Density of organisms3
· Diversity3
· Distribution3
· Dominant taxa3
	· N/A
	· Tainting2

	High (intertidal) tidal flats
	Algae and plants 
	Samphire shrubs4
	Remote sensing
	· Canopy cover1
· Distribution and extent1
	· Species density/ distribution1
	N/A

	
	
	Samphire shrubs4, microalgae4
	Stratified/haphazard sampling using quadrats/transects
	· Plant density1
· Distribution1
	· Species density/ distribution1
· Increase in microalgal density1
	· Plant height1
· Hydrocarbon cover
· Seedling height and density
· Tainting (microalgae)2

	
	Epifauna
	Molluscs4, burrowing crabs4
	Stratified/haphazard sampling using quadrats/transects
	· Density of organisms
· Diversity
· Distribution
· Dominant taxa
	· Density/ distribution of sensitive taxa
· Size structure1
	· Hydrocarbon cover
· Tainting2

	
	Infauna
	Amphipods, polychaetes
	Sediment sampling (e.g. handheld cores) 
	· Density of organisms3
· Diversity3
· Distribution3
· Dominant taxa3
	· N/A
	· Tainting2

	Mangrove and depositional intertidal zones
	Plants
	Mangroves
	Remote sensing
	· Ground cover1
· Distribution and extent1
· Mangrove health 1,4
	· Species density/ distribution1
	· Health (e.g.  normalized different vegetation index)1,4

	
	
	
	Stratified/haphazard sampling using quadrats/transects
	· Canopy cover1,4
· Density of trees1
· Distribution1
· Mangrove health1,4
	· Species density/ distribution1
	· Foliage density1
· Health (withered yellowing leaves, dull colouring)
· Canopy height
· Girth
· Dead vegetation
· Pneumatophore density
· Seedling height and density

	
	Epifauna
	Molluscs3, burrowing crabs3
	Stratified/haphazard sampling using quadrats/transects
	· Density of organisms
· Diversity
· Distribution
· Dominant taxa
	· Density/ distribution of sensitive taxa
· Size structure1
	· Hydrocarbon cover
· Tainting2


1	Some of these parameters can be expected to show large seasonal and interannual variability and this must be taken into account when designing the surveys (i.e. number of replicates required, frequency of surveys).
2	Can show strong variation in response to physical parameters such as height of tide, wind direction, position of the sun. Sampling times should be collected from similar heights on shore and similar tidal patterns.
3	Highly variable and adequate replication is required for sampling replicates and frequency. On sandy intertidal habitats, shows strong correlations with PSDs and depth. Some species show strong behavioural cycles such as response to temperatures and inactivity during moulting (e.g. crabs in mangroves).
4 Can show strong variation in response to physical parameters such as rainfall patterns and salinity.








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. For example, remote sensing is the quickest way to estimate the distribution and extent, and in some cases the condition, of upper intertidal habitats such as mangroves and samphire shrubs and can also detect hydrocarbon spills.
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, health), 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. 6). 
However, to correctly calibrate remote sensing imagery, ground-truthing (i.e. validating the density of trees and distribution and extent of the habitat) of imagery and measurements will be required (as discussed in the subsections below). Remote sensing has been shown to be a successful tool for estimating canopy density and extent in mangrove and high tidal flat habitats (Ref. 7), and these parameters can be used to infer the condition of these habitats during scientific monitoring.
5.1.2.2 Ground surveys 
Intertidal systems are highly complex and demonstrate natural spatial and temporal variation in physical and biological structure. The monitoring program must target the main ecological communities, biological indicators, and key species of intertidal habitats that are sensitive indicators, and which can act as proxies for assessing wider community health. Potential biological indicators, parameters, and methods are shown in Table 5‑4.
Mangrove, Saltmarsh, and Epiflora
Ground surveys provide quantitative data on the health, density, and condition of mangrove and saltmarsh habitats, as well as data for calibrating remote sensing data, validating the density and distribution of trees, and determining the extent of the habitat. Systematic sampling of quadrats along transects for mangrove and saltmarsh environments should, as far as practicable, include measures of the parameters in Table 5‑4.
Ground surveys should use 0.25 m2 quadrats for measuring seedling density and height, and, depending on the density of trees, a minimum of 1 m2 (often 5 m2) quadrats for tree measurements. The quadrant sizes should be adjusted according to the density of the taxa being surveyed. Quadrats should, as far as practicable, be photo documented to allow for skilled interpretation at a later stage, and to allow precise, digitised estimates of the relevant parameter.
Transects/quadrats may also be used to determine the percentage cover, diversity, and distribution of macroalgae on low tidal flats and microalgae on high tidal flats. Any assessment of the potential impact of hydrocarbons on these organisms may be influenced by large natural variability in both populations and communities.
Monitoring of macroalgae and microalgae will be of limited value unless the intention is to demonstrate and confirm that hydrocarbons have been taken up into these organisms.
Epifauna
An initial guideline for monitoring the potential impact on invertebrate intertidal fauna is provided in AMSA (Ref. 5), Guideline S.10. The recommended methods for monitoring community structure and population density on rocky intertidal (and mangrove and mudflat) habitats for epifaunal macroinvertebrates are those described in MacFarlane and Burchett (Ref. 8). Surveys would typically lay multiple quadrats (0.25 m2 quadrats are commonly used) along a transect line. Transect locations may be stratified in different heights in the intertidal zone (i.e. high, mid, and low intertidal).
Information recorded by field scientists for each quadrat will vary with location and assessment goals; however, it may include:
· Main species (macroinvertebrates and algae) present
· Species richness (i.e. numbers of species)
· Indicator species
· Ranges of mean abundances in each subzone.
Quadrats should be photo documented to allow for further skilled interpretation at a later stage, and to allow precise, digitised estimates of percentage cover, density, diversity, and abundance.
Infauna 
Infauna is the assemblage of animals (often microscopic) that live buried or partially buried with the sediment matrix (e.g. worms, bivalves, crustaceans). The entire sample should be sieved for 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, and 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 a representative sample of the species present.
As infauna community structure is often strongly correlated with particle size distribution (PSD), sediment samples should also be collected for PSD analysis.
If a decision is made to investigate infauna as part of this SMP, it will likely be based on assessments made during OMP: Shoreline Clean-up Assessment Technique.
5.1.3 [bookmark: _Toc514234990]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 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). Potential indicator taxa to be tested for bioaccumulation of hydrocarbons include:
· Bivalve molluscs (Ref. 9)
· Gastropod molluscs (Ref. 10)
· Macroalgae
· Infauna, corals and filter feeders may provide suitable alternatives (Ref. 11).
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. 
The following protocols are recommended to help finalise the sampling design and methodology for this SMP:
· Sampling of invertebrate intertidal communities, based on MacFarlane and Burchett (Ref. 8)
· Sampling of macro infauna intertidal communities, based on Junoy et al. (Ref.12)
· Biomarker assessment of macroinvertebrate tissue, based on Brooks et al. (Ref. 13) for mussels
· Mangrove Tree Health Scoring System, as adapted from Eldridge et al. (Ref. 14).
[bookmark: _Toc514234991]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:
· Likelihood and degree of hydrocarbon impact on intertidal 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 locations 
· Select and prioritise impact sites within representative habitats at greatest risk of impact within the environment that may be affected 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 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: _Toc453687415][bookmark: _Toc470102183]

[bookmark: _Toc514234992]Monitoring Frequency and Duration
Surveys should be carried out during daylight hours (12 hour operations) only to allow for maximum visibility of the tidal edge and safety concerns (e.g. saltwater crocodiles). 
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: _Toc514234993][bookmark: _Hlk508714750]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
· [bookmark: _Hlk509485557]Tissue (biota) samples: See Table 5‑5
· Infauna samples: 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
	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: _Toc514234994]Sample Analysis
Recommendations for sample 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: _Toc514234995]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: _Toc514234996][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:
· Physical 
· Shoreline profiling: OMP: Shoreline Clean-up Assessment Technique 
· 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. The tables below 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 Intertidal and Coastal Habitat Assessment via Transect/Quadrat Surveys 
	No.
	SOP – Intertidal Habitat Assessment via Transect/Quadrat Surveys

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Identify initial priority areas for monitoring and number and frequency of sampling sites

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

	7. 
	Record and georeference the start location (latitude and longitude) of each transect, as well as the bearing and distance of each transect

	8. 
	Take photos with a still camera, or as still images from video transect footage

	9. 
	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 images

	10. 
	Conduct appropriate number of replicate transects at each site

	11. 
	After retrieval, QA/QC check and backup data on site

	12. 
	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 Intertidal and Coastal Habitat Assessment via Infauna Sampling  
	No.
	SOP – Intertidal 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 equipment is empty so that no sediment remains from previous sampling

	2. 
	Clean sampling equipment by rinsing with decontamination solution

	3. 
	Follow manufacturer instructions for how to safely and accurately set up the sampling equipment

	4. 
	Check that sampling equipment triggers are correctly set up before deployment

	5. 
	Take samples using the selected equipment. If using a push core, ensure the top of the tube is sealed prior to extracting the core. If the sediment is wet or loose, or does not stick to the inside of the tube when extracted, it may be necessary to dig down beside the tube and block the bottom opening before removing the tube from the sediment. Alternately sealing the top of the tube with a bung can facilitate extraction of the core

	6. 
	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

	7. 
	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

	8. 
	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

	9. 
	The infauna sample will be carefully extruded from the sediment sampler and then transferred to a 1 mm mesh screening box

	10. 
	Retain a small portion of the sample (100 g) for Particle Size Diameter (PSD) analysis, and transfer to a zip lock bag. Label sample and place on ice until such a time it can be refrigerated for transport to the laboratory.  Do not freeze the sample

	11. 
	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

	12. 
	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

	13. 
	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

	14. 
	Label jars/bottles immediately with:
· Sample number or code
· Analysis required
· Depth
· Time and date (24-hour clock and dd/mm/yyyy)

	15. 
	Place samples in a crate for transport to the laboratory for analysis.  Keep samples out of direct sunlight where possible

	16. 
	Complete laboratory-specific CoC forms

	17. 
	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

	18. 
	Take photographs throughout the sampling process of:
· Sampling area
· Sampling site
· Sampling jar before the sample is collected
· Sampling process
· Sample jar with contents and being sealed
· Sealed and secured sample containers 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. 
	Powder-free nitrile gloves should be used

	2. 
	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)

	3. 
	Recommended minimum sample size is 10-50 g of tissue

	4. 
	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)

	5. 
	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

	6. 
	Duplicate hydrocarbon and histology samples wherever possible

	7. 
	All samples should be labelled, using a permanent marker, with the unique tissue identification, sampling date/time, species (e.g. Field ID number)

	8. 
	Samples should frozen, if possible

	9. 
	Fill in chain of custody form 



[bookmark: _Toc514234997]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: Intertidal and Coastal Habitat Assessment Equipment List
	Item

	Physical monitoring 

	Shoreline profiling equipment – As per equipment list in OMP: Shoreline Clean-up Assessment Technique
	

	Transect/Quadrat Surveys   

	Suitable sampling platform 
	

	Quadrats (various sizes)
	

	Transect tapes 
	

	Metal ruler, dressmakers tape, tree-high pole
	

	High definition camera or video camera. 
	

	Towed-video equipment or drop-down camera and housing, with accompanying accessories (e.g. lighting, laser scaling, where practicable)
	

	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
	

	Zip lock bags (for PSD 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
	

	Biota tissue sampling 

	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 hydrocarbons 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: _Toc514234998]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: Intertidal and Coastal Habitat Assessment Personnel Requirements and Competencies
	[bookmark: _Hlk508710989]Personnel 
	Responsibilities 
	Training requirements 
	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
· Intertidal habitat sampling experience
	



[bookmark: _Ref506806240][bookmark: _Toc514234999][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: _Toc514235000]Biological monitoring 
QA/QC procedures should be used to minimise observer bias during real-time habitat 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 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 biological 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: _Toc514235001]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: _Toc514235002]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: _Toc514235003]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: _Toc514235004]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.
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.

5.1.4 [bookmark: _Toc514235005]Biological data analysis 
Many of the monitored parameters outlined for each 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. 
Stills and video footage should be analysed point intercept software such as ‘Coral Point Count with Excel extensions’ (CPCe) analysis (Kohler and Gill, 2006), adapted for use in the assessment of other (non-coral) biota. Images should be analysed to quantitatively assess the cover, diversity, composition and abundance of biota. 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. 
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. 
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 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.
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.
5.1.5 [bookmark: _Toc514235006]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). 
[bookmark: _Ref509493322]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.
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: _Toc514235007]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: _Toc514235008]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 includes: 
· 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: _Toc514235009]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 shoreline and intertidal habitats and associated organisms 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
· 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: _Toc514235010][bookmark: _Hlk500930001]
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