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1. Aim/objectives 
This Scientific Monitoring Plan (SMP) aims to document and quantify shorebird and seabird presence; and any impacts and potential recovery from hydrocarbon exposure.
The objectives are to:
· Identify and quantify, if time allows, the post-spill/pre-impact presence and status (e.g. foraging and/or nesting activity) of shorebirds and seabirds in the study area
· Observe, and if possible quantify and assess, the impacts from exposure of shorebirds and seabirds to hydrocarbons (i.e. post-impact) and to the response activities, including abundance, oiling, mortality, and sub-lethal effects
· Identify, quantify and evaluate the post-impact status and recovery of key behaviour and breeding activities of shorebirds and seabirds (e.g. foraging and/or nesting activity and reproductive success) over time and with regard to reference sites.
[bookmark: _Toc514234658]Rationale 
The potential effects of hydrocarbons on wildlife are multifactorial. They may be direct effects associated with external oiling, inhalation and/or ingestion of hydrocarbons or indirect effects associated with subtle behavioural changes, chronic stress, degraded habitat and loss of food sources. These impacts may be short term and/or long term and are not necessarily fatal. Sub-lethal effects can lead to population-level impacts through diminished health and reproductive fitness. 
As seabirds forage at sea and breed on low-lying islands, they are potentially at risk from the impacts of hydrocarbons in a range of environments. Species that spend considerable time diving and swimming are most vulnerable to impacts, whereas species that dive less, prey on eggs and chicks, or scavenge are considered less at risk of being impacted (Ref. 1). 
Shorebirds that forage in the intertidal zone are also at risk. Particularly if a spill occurs when large congregations of migratory shorebirds are present. Some shorebirds have strong site fidelity to stop over sites, which can make them more susceptible as they return to contaminated sites each year (Ref. 1).  
The purpose of this SMP is to assess the impacts and subsequent recovery of seabird and shorebird populations in response to a hydrocarbon spill event and spill response activities. The scientific monitoring will be conducted onshore and primarily focus on seabird populations when roosting and nesting on land and shorebird populations when feeding, breeding and nesting.
This SMP will provide information to help understand the impacts to birds from hydrocarbons and/or associated response activities and will inform any restoration or remediation activities that may need to be implemented for birds.
[bookmark: _Toc504832171][bookmark: _Toc514234659]

Initiation Criteria and Termination criteria
The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Seabirds and Shorebirds Impact Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	· Spill trajectory modelling, surveillance or monitoring predicts contact is possible to seabirds and/or shorebird populations or any of their habitats of importance for breeding, nesting or foraging; or
· Monitoring (OMP: Marine fauna assessment seabirds and shorebirds) has identified contact or an impact to seabirds and/ or shorebird populations as a result of the hydrocarbon spill; or 
· There are reports or scientific evidence of oiled seabirds and/or shorebird populations.
	· Agreement has been reached with the relevant stakeholders and Jurisdictional Authorities to cease monitoring this receptor; and
· There has been no impact on seabirds and/or shorebirds or their key biological activities; or
· The extent of damage and rate of recovery of key seabird and/or shorebird behaviour and breeding activities has been quantified; and
· Measured parameters have returned to baseline conditions (taking into account natural variability) in terms of breeding population (for seabirds) or counts (for shorebirds) and impacts on species and taxa are no longer detectable, with regard to control sites; or
· Oil pollution effects/impacts on critical species and taxa are no longer detectable.



[bookmark: _Toc514234660]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.
Table 4‑1: Data Requirements Summary 
	Baseline Information
	Operational Information

	Any existing baseline data including population sizes and any known life-history parameters. Baseline data may be available from:
OSRA provided by AMSA
I-GEMS (WA only)
Species Profile and Threats (SPRAT) database (Ref. 2)
Bird Life Australia (birdlife.org and birdsinbackyards.net)
Birds Korea (birdskorea.org)
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 activities, and relevant OMPs and SMPs including:
Identify and map sensitive resources and key receptors within the area affected by hydrocarbons (OMP: SCAT, OMP: Marine Fauna Assessment- Seabirds and shorebirds)
Knowledge of any proposed designs for other SMP activities
Data streams from marine water quality monitoring (OMPs and SMPs), including the location and concentrations of hydrocarbons in marine waters
Data streams from sediment quality monitoring (OMPs and SMPs), including the location and concentrations of hydrocarbons in sediments on nesting beaches



[bookmark: _Toc514234661]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.]
Flexibility is required when implementing the scientific monitoring program to allow for changes to the trajectory of the actual hydrocarbon spill, weather conditions, seasonal presence of shorebirds/seabirds, and/or the life stages present. To prioritise monitoring, the following information will be necessary to establish which species may occur in the area, and to select appropriate survey methods and effort to be used:
· Review maps that characterise activities of seabirds and shorebirds in the study area
· Assess the regional habitat frequency and function:
· are the habitats rare or common?
· are the habitats likely to be critical to the species’ persistence?
· how likely is the species to use the site? (breeding, overwintering etc.). Adjust the survey design to determine these aspects, if necessary.
· Identify ecologically significant birds known to occur in the study area and determine the likelihood of occurrence, habitat requirements, and timing.
Existing information on the study area and surrounding region, and the best-available information on species composition and population sizes developed from OMP: Marine Fauna Assessment- Seabirds and Shorebirds, together with available ongoing seabird and shorebird studies, should be used to develop the sampling design of the seabird and shorebird monitoring program. 
The geographic extent of the area to be monitored should be based on the hydrocarbon distribution, as determined through predicted movement of the hydrocarbon spill (i.e. modelling), surveillance outcomes, measured dissolved hydrocarbon in the water column (as determined through OMP: Water Quality Assessment) and measured hydrocarbons in sediments (as determined through OMP: Sediment Quality Assessment). These outputs should identify potential impact areas to be sampled, which should allow comparison of results to baseline values.  
The monitoring design should consider the following criteria:
· Scale and pattern of potential effects of the spill
· Availability of baseline data and/or ability to rapidly obtain baseline data
· Time frame available to gather pre- and post-spill data
· Availability of OMP data
· Availability of appropriate reference sites; consideration here should be given to ‘home range’ of species i.e. a breeding site may not have been impacted, but foraging areas may have. This may rule particular sites out as suitable reference sites
· Statistical approach proposed for data analysis
· Breeding seasons for species will often affect the timing of regular surveys
· Monitoring frequency required to ensure short-and long-term impacts are detected.
Table 5‑1 summarises the potential monitoring designs for various scenarios. Detailed information on design approaches can be found in Section 8 of the OSMP Framework. Where baseline data sites are contacted, a control chart (time-series) design may be applied. Where appropriately matched baseline data sites are impacted and non‐impacted, a Before-After-Control-Impact (BACI) approach to monitoring could be considered. Where no baseline data exists and where such data cannot be collected post-spill/pre-impact, an Impact versus Control (IvC) approach could be considered. If there is no baseline data and no appropriately matched reference sites a Gradient Approach may be applied. The Lines of Evidence Approach can be combined with any of the aforementioned designs to provide inferential evidence of an effect. When a sampling design is suboptimal, the Lines of Evidence Approach can also be used to help infer the cause of an observed change (i.e. attribute change to the hydrocarbon release or to other causes such as natural variation).


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

	Spill Extent
	
	
	

	Hydrocarbon spill reaches shoreline with known roosting habitat
	No
	IvC, Gradient and/or Lines of Evidence Approach
	At least one


	
	Yes
	BACI or Control Chart Approach, supplemented with Gradient and/or Lines of Evidence Approach as needed
	

	Hydrocarbon spill interacts with areas of biological importance, foraging areas
	No
	IvC, Gradient and/or Lines of Evidence Approach
	

	
	Yes
	BACI or Control Chart Approach, supplemented with Gradient and/or Lines of Evidence Approach as needed
	


[bookmark: _Ref505602800][bookmark: _Toc514234662][bookmark: _Toc453687414][bookmark: _Toc470102182]Monitoring Parameters/metrics
Shorebird and seabird scientific monitoring programs should focus on a subset of shorebird and seabird species—indicator species—considered to be ecologically significant to the study area. These indicator species should have a high number of interactions with the region (nesting and/or foraging) or have life-history characteristics that make them particularly susceptible at a population level to impacts from a hydrocarbon release (Ref. 12). Routine data on all other shorebird and seabird species that are encountered should also be gathered.
Table 5‑4 summarises the recommended monitoring parameters and associated metrics that should be used to assess the impact and recovery of seabird and shorebird populations in the event of a hydrocarbon spill. 
[bookmark: _Ref507661683]Table 5‑4:  Monitoring Metrics for Seabird and Shorebird Populations
	Environmental focus
	Parameter
	Condition Metric

	Seabird and shorebird abundance
	Nesting:
Nesting
Adult counts
Nest density

	
Nest count (#)
Adult count (if nests are in-appropriate)
Number of nests per unit area (Km2, m2)


	
	Community Structure:
Mortality
Sp. diversity
Sp. richness
Abundance
Spatial distribution
Bird density

	
Number of dead birds
Index
Sp. number 
Total bird count
Location (GPS, Map)
Number of birds per unit area (km2, m2)


	Evidence of direct impacts of hydrocarbons
	Hydrocarbon presence and quantification in samples from birds

Effects of hydrocarbon exposure to birds

	TRH/TPH
PAH
Hydrocarbon fingerprinting 
Number of oiled individuals (dead and alive)
Cause of death and any sub-lethal findings
Health/condition and behaviour, including any injury



[bookmark: _Toc514234663]Survey technique
Survey techniques should vary depending on the objectives of the monitoring design. Table 5‑5 provides an overview of the different sampling techniques and considerations that may be applicable. 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.
[Monitoring Provider shall review Table 5‑5, and finalise the monitoring design accordingly, including the sampling techniques proposed meet the primary objective, in consideration of the aforementioned points, in addition to best practice documentation.]
[bookmark: _Ref507661719]Table 5‑5: Survey Techniques for Seabirds and Shorebirds
	Avian grouping
	Survey technique
	Comments

	Shorebirds
	Aerial - shoreline
	Allows rapid coverage of large areas
Can cover areas that are difficult to access by vehicle/foot
May reveal the location of particular habitat types or dense congregations for follow-up ground surveys

	
	Vessel -  shoreline
	Enable observation of shoreline in areas difficult to access by vehicle/foot

	
	Ground - shoreline (foraging grounds)
	Enable collection of detailed observations on abundance, species diversity and richness, habitat, behaviour, exposure to hydrocarbons
Opportunistic collection of carcasses possible

	Seabirds
	Aerial - shoreline 
	Allow rapid coverage of large areas
 Can cover areas that are difficult to access by vehicle/foot
May reveal the location of particular habitat types or nest sites for follow up ground surveys

	
	Aerial - pelagic
	May reveal the presence of certain species of seabird that do not breed in Australia (and hence never come to land)

	
	Vessel - pelagic
	May reveal the presence of certain species of seabird that do not breed in Australia (and hence never come to land)
Enable collection of detailed observations on abundance, species diversity and richness, behaviour, exposure to hydrocarbons

	
	
Ground (colonies)
	Enable collection of detailed observations on abundance, species diversity and richness, breeding/nesting, habitat, behaviour, exposure to hydrocarbons
Opportunistic collection of carcasses possible



The ability to detect birds that are present varies with the time of day, season, and between years. For example, the areas of coastal habitat occupied by many shorebird species may vary over the course of the day in relation to tidal cycles as they tend to use a network of foraging and roosting habitats, with birds moving within these areas depending on the time of day, availability of resources, levels of disturbance and environmental conditions. Migratory shorebirds mostly feed on intertidal mud flats and roost during high tide periods (Ref. 13). Further, many migratory birds may use only part of their range at any particular time of the year (Ref. 14; Ref. 15; Ref. 16; Ref. 17). Changes in abundance and highly irregular movement patterns may also occur in relation to variable environmental conditions such as cyclonic events (Ref. 18; Ref. 19). For tidal areas, these guidelines should apply, as far as practicable:
· Spatial coverage should be conducted of the entire habitat thought to be used by the same population of shorebirds, and the entire area of contiguous habitat where shorebirds may occur. This may include multiple discrete roosts and feeding areas
· Surveys for roosting shorebirds should be conducted as close to high tide as practicable and no more than two hours either side of high tide (unless local knowledge indicates a more suitable time)
· Surveys for foraging shorebirds should be conducted as close to low tide as practicable and no more than two hours either side of low tide (unless local knowledge indicates a more suitable time)
· Surveys should not be undertaken during periods of high rainfall or strong winds
· For large sites or for sites where large numbers of birds are expected, it is recommended that at least two people undertake the counts and agree on the number of birds and the number of species present.
Human interactions with seabirds and shorebirds during surveys may lead to impacts and should be considered in the monitoring design. Care should be taken to avoid impacts to birds while achieving the survey objectives. Liaison with wildlife management agencies should be carried out prior to undertaking sampling and any permit/license requirements acquired.
[bookmark: _Toc514234664]Shoreline Surveys
Counting shorebirds may be done by directly counting individuals of each species present or by estimating if numbers are large.  It is recommended to estimate the total number of birds first, this ensures that if the birds being counted take flight, knowledge of the total number, and possibly some idea of the proportions of each species, has been obtained. Estimating proportions of species is a secondary priority. If visual estimates are required, standard approaches to estimation can be used, such as block counting and using the proportion of each species determined from a detailed count to estimate the number of that species present in a mixed flock (Ref. 20)
[bookmark: _Toc514234665]Aerial shoreline surveys
Aerial surveys allow rapid coverage of large areas of land and/or water and can cover areas that are difficult to access on the ground. About 600–1000 km of transects can be flown in a six-hour period (Ref. 21).  Aerial shoreline surveys provide information on taxon presence and their quantity, and also reveal the location of particular habitat types or nest sites for follow-up ground surveys. Aerial shoreline surveys are performed for shorebirds and seabirds using either helicopters or fixed-wing aircraft. Aerial surveys usually involve flying along systematically or randomly-placed straight-line routes (similar to ground-based transect surveys) along shorelines where birds or bird colonies may occur. The best coverage and accuracy is achieved with two observers recording from each side of the aircraft (Ref. 22). Further details on procedures for conducting aerial surveys can be found in Braithwaite et al. (1986, Ref. 23)) and Resources Inventory Committee (1997, Ref. 21).
It should be noted, while flying at lower altitude may facilitate counts of birds, the increased risk of bird strikes and the noise disturbance to roosting/nesting birds should be considered prior to undertaking aerial surveys.
[bookmark: _Toc514234666]Vessel based shoreline surveys
Vessel-based shoreline surveys for shorebirds and seabirds usually involve systematically or randomly-placed line transects along shorelines where birds or bird colonies may occur. The best coverage and accuracy is achieved with two observers recording from each side of the vessel (Ref. 22). 
[bookmark: _Toc514234667]Pelagic surveys
Both vessel-based and aerial surveys may be used to detect and count pelagic seabirds offshore. Vessel-based surveys have the advantage of providing more time to identify the taxa and record other details such as age, sex, and behaviour. This improves the chances of recording rare, inconspicuous, and diving taxa.
[bookmark: _Toc514234668]Carcass recording
Carcass recording and determination of cause of death and any sub-lethal impacts, are important for the evaluation of the impact of hydrocarbons, dispersant, or other response activities on marine fauna. It is important to note that the number of carcasses collected may substantially underestimate the actual mortality rate. Carcass recovery rates may be influenced by many factors, including but not limited to: behaviour response prior to death, proximity of the carcass to shore (or at-sea observers), decomposition rates and processes, water temperature, wind regime, currents, natural predation, and search effort.
Where carcasses are observed, photographs should be taken, and information collected on the date and time, location, degree of oiling, external aging and sexing, and any abnormalities and signs of trauma. A necropsy (and subsequent histopathology and ancillary tests, including toxicology) should be undertaken by a veterinary pathologist/wildlife veterinarian to determine cause of death or sub-lethal impacts. This should be done regardless of whether the carcass has visibly been affected by hydrocarbons, as the presence of hydrocarbons on a carcass does not necessarily mean the hydrocarbon was the cause of death (e.g. a floating carcass resulting from non-hydrocarbon related mortality may encounter surface slicks as sea prior to washing ashore). Conversely, apparently unoiled animals may have been affected through ingestion and/or inhalation of hydrocarbon. 
The state of decomposition of any carcasses will be evaluated to determine whether a necropsy is viable; necropsies will not be performed on severely decomposed carcasses. Immediate necropsy (within 24 hours), or appropriate freezer storage of carcasses, is required in order to increase the likelihood of meaningful results. Tissue samples required for hydrocarbon analysis and a basic set of analytical tests should also be undertaken. 
If a necropsy/ internal tissue sampling is not possible, external sampling of feathers for hydrocarbon exposure may be requested, this should be carried out by suitably trained personnel.
Standardised protocols are available for carcass handling and necropsy procedures with the following examples available to be adopted:
· Latimer and Rakich (1994, Ref. 24) Chapter 14. Necropsy Examination. In: Avian Medicine: Principles and Application
[bookmark: _Toc514234669]Oiled, injured, and diseased fauna recording
Oiled, injured, and diseased wildlife should only be handled by trained personnel. Procedures and personnel for dealing with oiled wildlife should be provided by the Oiled Wildlife Response Unit of the IMT/EMT. Wildlife collected by oiled wildlife response personnel should be subjected to an initial assessment and information collected for this SMP, as far as practicable, will include the date and time, location, degree of oiling, external aging and sexing, and any abnormalities and signs of trauma. 
[bookmark: _Toc453687416][bookmark: _Toc470102184]

[bookmark: _Toc514234670]Monitoring sites
The scale of monitoring depends upon the size, location, and time of year of a spill. Sampling, and therefore monitoring sites, needs to be balanced against the logistical constraints of sample collection in remote locations, and the ability to provide meaningful information within a relevant time frame. Data from operational monitoring will be used to understand the spill trajectory and the potential exposure of nesting and foraging beaches to spilt hydrocarbons. This data will help identify monitoring locations, including impact sites (all colonies/nesting and foraging sites that may have been exposed to hydrocarbons) and reference sites.
The selection of monitoring sites should be based on these criteria:
· The type of hydrocarbon spilt, weathering characteristics, and extent of the spill
· For shorebirds, the number of important foraging areas affected by the spill
· For seabirds, the number of colonies affected by the spill.
Colonies and nesting sites for ground-based surveys should be accessible by a tender from a vessel or from land. Sites that are inaccessible by land or boat may not be monitored, due to logistical and/or safety constraints.
Within selected colonies and/or foraging grounds, particular resources or habitat types and representative study plots should be identified, within which birds will be counted in detail to assess changes in status. These plots should be marked permanently in the field, and using high-quality digital images, for future reference.
Reference sites should be selected in areas that are beyond the area affected by hydrocarbons or where comparable species will not have been exposed during foraging. For seabirds, recognition should be made that species that are exposed to hydrocarbons during offshore feeding may roost, breed or nest distant from the affected by hydrocarbons. As such, selection of sites, should consider reference sites and exposure sites that are applicable to the ecology of the exposed species. Some seabird species may only forage in Australian waters and thus never come to Australian land, such species will only be captured by pelagic surveys.
In selecting reference sites, consideration of the uncertainty of the affected by hydrocarbons should be kept in mind (i.e. there needs to be confidence that the reference sites will remain unaffected by spilled hydrocarbons). Care should be taken when selecting reference sites to ensure that they are as comparable (in terms of physical features, climate, habitats available, shoreline type, etc.) as possible to exposure sites. Selection of reference sites should also consider distances from exposure sites (and hence differing environmental conditions). 
[bookmark: _Toc453687415][bookmark: _Toc470102183][bookmark: _Toc514234671]Monitoring Frequency and Duration
Following the initiation of this SMP, surveys should be undertaken at least once a year, although are likely to be at a greater frequency (e.g. every three months) in the first year, based on the biological indicators being monitored (unless the termination criteria are triggered within this time). Survey data should be reviewed annually, and the frequency of any ongoing monitoring should be determined by the data collected to date, the spatial, temporal, and seasonal variability of the biological indicators being measured, and may, for example, be seasonal, six-monthly, or annual until the termination criteria are reached.
For robust estimates of shorebird populations, counts should be conducted at least once (preferably twice) during summer and winter and should be repeated based on the initial results, so that natural variation can be accounted for and used to predict potential future trends. However, shorebird populations are known to vary between years and even within seasons when environmental conditions change. Estimates of seabird populations are best measured at a time of the year when their presence is most stable. For robust estimates of the breeding seabird population it is recommended to conduct the assessment towards the end of the incubation period. Any ongoing monitoring should to be undertaken at the same time of year. Appropriate tide heights should be identified when the study commences. Spring tides are favoured for shorebird surveys—birds are concentrated appropriately during high water, making the identification of important roost sites possible, and making the birds relatively easy to count.
[bookmark: _Toc514234672]Sample Integrity
For aerial and vessel surveys, transect estimations for each observer will be calibrated before the survey commences (see SOPs in Section 7).
On collection of carcasses, the following information should be recorded, where practicable: 
a. Date and time of finding
b. GPS position
c. Identification to species level
d. Specimen identification (ID) number
e. Image id number, if images taken
f. Details of rings or other markers (e.g. Satellite transmitters) if present
g. Oiling status of the bird (% oiled)
h. External ageing and sexing
i. External biometrics (to determine age and breeding population of origin) including:
i. Bill length
ii. Bill shape
iii. Body mass
iv. Wing length
v. Tarsus length
j. Person responsible
k. Additional comments.
If carcass collection is not possible, external sampling of feathers for hydrocarbon exposure, genetics and stable isotopes may be undertaken. All samples should be labelled with a unique animal identification, date, time of sampling, location of stranded bird, name of person sampling, species, and anatomical location of feathers taken.
[bookmark: _Toc514234673]Transport and Storage 
[bookmark: _Ref500764155]Recovered carcasses should be checked to ensure they are correctly labelled and stored in refrigerated storage. Veterinary pathology services should be sought, and carcasses delivered as soon as possible (within 24 hours), if this is not possible carcasses should be frozen (in consultation with the veterinary pathology services). All carcasses should be accompanied by completed Chain of Custody (CoC) forms. For information regarding the storage requirements of samples collected for hydrocarbon analysis during necropsy see Table 5‑6. 
Sampling in the field may be requested for samples for genetics, stable isotopes and external swabbing for evidence of hydrocarbon exposure. To maintain sample integrity, transport and storage requirements must be adhered to. If there may be a delay in freezing these samples, they can be stored for a limited time in an esky with ice blocks until they can be frozen. All sample storage containers should contain a small temperature logger, which will remain with the samples until delivery to the final storage location or laboratory. 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: _Ref507662276]Table 5‑6: Storage and transport requirements for carcass and tissue samples
	
	Sample
	Preservation Method
	Storage Requirements
	Transport Requirements

	Genetics
	Feathers (preferably blood feathers)
	Stored in a zip-lock bag
	Frozen (-80 °C)
	Frozen (-80 °C)

	Stable isotopes
	Tail feathers
	· Stored in a zip-lock bag
	Frozen (-20 °C)
	Frozen (-20 °C)

	Toxicology
	Tissue, swab, stomach/intestine samples, 
	Samples stored in sterile aluminium foil and then bagged
Heavy metal testing samples stored in plastic or glass
	Frozen (-20 °C)
	Frozen (-20 °C)



[bookmark: _Toc507664431][bookmark: _Toc514234674]Mobilisation requirements
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: _Ref507662125][bookmark: _Toc514234675] Standard Operating Procedures
[bookmark: _Hlk502755154][bookmark: _Ref500934745]The standard operating procedures to implement bird surveys are provided Table 7‑1 to Table 7‑5. Titleholders, in consultation with the Monitoring Provider, will make the final decision on the appropriate standard operating procedure/s to be implemented during a spill. 
 [Monitoring Provider is to develop/finalise the standard operating procedure for this OMP, 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 5.6].
[bookmark: _Ref507662586][bookmark: _Ref504915120]

Table 7‑1: Standard Operating Procedure for Aerial Survey for Seabirds and Shorebirds
	No. 
	SOP: Aerial Survey for Seabirds and Shorebirds

	Pre-work

	1. 
	Select and commission aircraft. Aircraft should have downward visibility (helicopter/ fixed-wing aircraft with over-fuselage wing), GPS, slow speed, and be suitable for low altitudes

	2. 
	Establish transects to be surveyed

	3. 
	Record GPS location of all sampling unties and provide maps of study area

	4. 
	Establish strip width for transects each side of the aircraft (e.g. 200 m) 

	5. 
	Assemble aerial observation team:
2 x experienced ornithologists (rotation possible)

	6. 
	Calibrate transect estimation for each observer

	7. 
	Assemble equipment

	8. 
	Discuss and confirm the flight pan with the pilot

	9. 
	Conduct JSA

	During Survey

	1. 
	Take line transects at least 2 km apart to avoid double counting to verify the presence or absence of birds in the area
Aircraft speed: approximately 90–100 knots or as slow as safely possible; to be determined by the pilot
Altitude: below 100 m
Beaufort state: <3
Confine observations to daylight hours, and suspend in heavy rain, heavy winds, fog, or rough seas

	2. 
	The latitude and longitude should be recorded continuously (e.g. at 30 second intervals using a handheld data logger)

	3. 
	Recording of the following information is suggested:
At the beginning of the flight 
· Airport
· GPS latitude and longitude
· Wind speed (knots)
· Wind direction
· Visibility (including glare)
· Temperature
· Observer and survey leader initials
· Take-off time

For each transect
· Transect number
· Transect detection
· Area surveyed (Km2)
· Nominal height (feet; altimeter from aircraft controls)
· Cloud cover
· GPS latitude and longitude
· End of transect

Conditions, every 2 minutes throughout transects 
· Beaufort sea state
· Turbidity (score)
· Glare port and starboard (as called by each observer)
· Nominal height (feet; altimeter from aircraft controls)

Bird observations
· Observer
· Observer position
· Site ID/spatial distribution of birds (GPS location)
· Transect No.
· Time
· Observations of each individual bird or group of birds
· Complete counts of dense flocks*- abundance:
· Count actual numbers (direct counting) or estimate if numbers are large.
· If estimating, estimate the total number of birds first, then estimate the proportion of species within the total number of birds estimated
· Count all birds observed, and record their identity to the lowest taxonomic group possible, preferably species 
· Number of different species
· Number of birds per area surveyed 
· Behaviour
· Proximity to hydrocarbons
· Status (i.e. oiled/not oiled, alive/dead)
· Record the presence of vessels or other aircraft in the survey area, as they may affect the behaviour of birds
· Obtain photographs and/or video to help identify, count species and provide records of key sites (e.g. seabird breeding islands)
General observations
· Describe the habitat in detail (including conditions of the habitat at the time of the survey)
· Predator presence/evidence of predation

	4. 
	The information should be recorded via hardcopy or digital format (e.g. using a pocket computer programmed as a data logger)


*	Where practicable, compare direct counting and the assessment methods with those from other observers.

Table 7‑2: Standard Operating Procedure for Vessel Survey for Seabirds and Shorebirds
	No.
	SOP: Vessel Survey for Seabirds and Shorebirds

	Pre-work

	1. 
	Establish transects to be surveyed

	2. 
	Establish strip width for transects (e.g. 50 m each side of the vessel and 100 m ahead). NOTE: For pelagic surveys, scan the entire area around the vessel out to a maximum distance that still permits accurate identification

	3. 
	Record GPS location of all sampling unties and provide maps of study area

	4. 
	Assemble vessel observation team:
2 x experienced ornithologists (rotation possible)

	5. 
	Calibrate distance estimation for each observer

	6. 
	Assemble equipment

	7. 
	Conduct JSA

	During Survey

	1. 
	Vessel speed: 10 knots (range 5–15 knots)
Confine observations to daylight hours, and suspend in heavy rain, heavy winds, fog, or rough seas

	2. 
	The latitude and longitude should be recorded continuously (e.g. at 30 second intervals using a handheld data logger)

	3. 
	Observer to record the following transect data at the start and end of the survey 
· Site ID
· Habitat type
· Transect No.
· Transect direction
· Transect within/not within hydrocarbon affected water
· Observers
· Cloud cover
· Beaufort sea state
· Visibility (including glare)
· Wind strength and direction
· Temperature
· Transect start coordinates
· Transect end coordinates
· Area surveyed (Km2)

	4. 
	Bird observations, the following should be recorded by the observer: 
· Time
· Location (GPS coordinates)
· Distance to the sighting (to facilitate subsequent analysis a distinction must be made between encounters that are within the designated transect width and those that are further afield)
· Observations of each individual bird or group of birds
· Complete counts of dense flocks*-abundance
· Count actual numbers (direct counting) or estimate if numbers are large.
· If estimating, estimate the total number of birds first, then estimate the proportion of species within the total number of birds estimated
· Count all birds observed and record their identity to the lowest taxonomic group possible, preferably species. Count individuals following the vessel only once
· Number of different species
· Number of birds per area surveyed
· Count individuals following the vessel only once
· Behaviour
· Proximity to hydrocarbons (if possible)
· Status (i.e. oiled/not oiled, alive/dead)
· Position in transect
· Turbidity
· Water depth
· Record the presence of other vessels within the survey area, as these vessels may affect the behaviour of the birds

	5. 
	Obtain photographs and/or video to help identify and count species

	6. 
	General observations:
· Describe the habitat in detail (including condition of the habitat at the time of the survey)
· Predator presence/ evidence of predation

	7. 
	Where possible all carcases should be retrieved, placed in a heavy duty plastic bag, and either refrigerated/packed with ice/placed in the shade (depending what facilities are available on-board the vessel).
A tag should be secured to each body bag and the following information written in permanent marker:
· Date and time
· Location
· Species
· Approximate age if can be determined 
· Sex

Note: A request may be made for all carcasses to be externally sampled for hydrocarbon exposure prior to being placed in the plastic body bag (refer to SOP 7-4 External sampling of birds for hydrocarbon exposure)


*	Where practicable, compare direct counting and the assessment methods with those from other observers.

Table 7‑3: Standard Operating Procedure for Ground Survey of Seabirds and Shorebirds
	No.
	SOP: Ground Survey for Seabirds and Shorebirds

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Determine colonies and/or transects/ shoreline plots to be surveyed

	3. 
	Sampling units should be positioned far enough apart that individual birds are unlikely to be detected from more than one sampling location, ensuring the samples are independent

	4. 
	The number of sampling units within the study area (or strata) should be proportional to its size, a principle referred to as ‘area-proportionate sampling’

	5. 
	Record GPS location of all sampling unties and provide maps of study area

	6. 
	Establish points or census method for colonies and/or strip width for transects

	7. 
	Assemble ground survey team

	8. 
	Identify shoreline segments

	9. 
	Conduct JSA

	During Survey

	1. 
	Where possible, large stretches of shoreline should be driven rather than walked, with vehicle stops as required when shorebirds and grounded seabirds are observed. However, this will need to be balanced with the potential effects on the shoreline, such as possible impacts from driving on shorebird and turtle nesting beaches etc., and the species being monitored (e.g. shorebirds flying away)

	2. 
	Breeding/nesting sites:
· Describe the colony in as much detail as possible to allow precise relocation in future surveys
· Develop a map that describes the relevant features and limits of the environment
· Take photographic records that include location, direction of photograph, date, time, camera, and shooting distance.
Obtain GPS positioning for:
· Extent of the colony
· Survey points within the colony
· Start and end points for transects
Record:
· Number of nests
· Adult count number (if nests are in-appropriate)
· Number of nests per area surveyed

	3. 
	For all bird observations (breeding/nesting and foraging sites) the following should be recorded:
· Time
· Location
· Habitat type
· Observations of each individual bird or group of birds
· Complete counts of dense flocks*
· Count all birds observed, and record their identity to the lowest taxonomic group possible, preferably species
· Age class (chicks/juveniles/adults)
· Number of different species
· Number of birds per area surveyed
· Status (i.e. oiled/not oiled, alive/dead)
· Activity/behaviour (feeding/flying/preening/roosting/nesting/slow movement/ can or cannot evade humans)
· Number of dead birds
· Obtain photographs and/or video to help identify and count species and record oiled birds

	4. 
	Initially assess live oiled and dead seabirds and shorebirds collected by oiled wildlife response personnel, collecting information, as far as practicable, on:
· Date and location of finding
· Identification to species level
· Details of rings or other markers (e.g. Satellite transmitters)
· Oiling status of the bird (% oiled)
· External ageing and sexing
· External biometrics (to determine age and breeding population of origin) including:
· Bill length
· Bill shape
· Body mass
· Wing length
· Tarsus length

	5. 
	Where possible all carcases should be retrieved, placed in a plastic bag, and either refrigerated/packed with ice/placed in the shade (depending what facilities are available in the field).
A tag should be secured to each body bag and the following information written in permanent marker:
· Date and time
· Location
· Species
· Approximate age if can be determined 
· Sex
Note: A request may be made for all carcasses to be externally sampled for hydrocarbon exposure prior to being placed in the plastic body bag (refer to SOP 7-4 External sampling of bird for hydrocarbon exposure).

	6. 
	Complete a field log each day, recording the:
· Date of survey
· Location
· Habitat type
· High and low tide times
· Weather
· Start and finish times
· GPS position, latitude/longitude at start and finish


*	Where practicable, compare direct counting and the assessment methods with those from other observers.
**	Census techniques may vary according to the nesting behaviour of the species.

Table 7‑4: Standard Operating Procedure for External Sampling of Deceased Bird for Hydrocarbon Exposure
	No. 
	SOP: External sampling of bird for hydrocarbon exposure

	Pre-work

	1. 
	Arrangements should be made with an accredited NATA laboratory and requirements regarding sample containers, storage, and transport requirements confirmed.

	Sampling 

	1. 
	Persons sampling should wear nitrile gloves which should be changed between birds

	2. 
	At least five apparently contaminated feathers should be cut with scissors from more than one location

	3. 
	The scissors should be cleaned with isopropyl alcohol between birds

	4. 
	The feathers should be wrapped in aluminum foil (dull side to sample) and placed in a zip lock bag

	1. 
	All samples should be labelled with the unique animal identification, date, time of sampling, location of stranded bird animal, name of person sampling, species, and anatomical location of feathers taken

	2. 
	All samples should be refrigerated if transport to the laboratory will occur within 24 hours or frozen if longer (storage instructions should be confirmed with the laboratory)

	3. 
	Fill in chain of custody form 



[bookmark: _Ref507662771][bookmark: _Ref504915289]Table 7‑5: Standard Operating Procedure for Sampling Cadavers for Genetics and Stable Isotopes in the Field
	No. 
	SOP: for Sampling Cadavers for Genetics and Stable Isotopes in the Field

	Pre-work

	1. 
	Arrangements should be made with an accredited NATA laboratory and requirements regarding sample containers, storage, and transport requirements confirmed.

	Collection of skin samples for genetics 

	1. 
	Persons wearing nitrile gloves should pluck 3 feathers per sample (preferably blood feathers) and place them in a ziplock bag. Duplicate samples should be collected (i.e. 6 feathers in total in 2 ziplock bags).  All samples should be labelled with at least the unique animal identification, date, and species. Samples should be stored at -20C.

	Collection sample for stable isotopes

	1. 
	Persons wearing nitrile gloves should pluck 2 tail feathers per sample and place them in a sterile ziplock bag. Duplicate samples should be collected (i.e. 4 feathers in total in 2 ziplock bags).  All samples should be labelled with at least the unique animal identification, date, and species. Samples should be stored at -20C.

	2. 
	A new pair of gloves is required for each cadaver sampled.

	3. 
	Fill in chain of custody form 



Table 7‑6: Standard Operating Procedure for Tissue Collection from Birds for Hydrocarbon Analysis
	No. 
	SOP: Tissue Collection From Birds For Hydrocarbon Analysis

	Pre-work

	1. 
	Tissue collection should only be done by a veterinary pathologist, wildlife veterinarian, or suitable trained personnel

	2. 
	Samples should only be collected from freshly dead animals (if the necropsy cannot be performed within 24 hours, the carcass should be frozen)

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

	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 can be cleaned with detergent, rinsed with water, and then rinsed with alcohol)

	3. 
	Tissues to collect (in decreasing order of preference): Bile (note, not all avian species will have a gallbladder); whole blood, stomach and intestinal contents; liver; kidney; lung; intestine; brain; muscle

	4. 
	Recommended minimum sample size is 10-20 g of tissues (approximately 1 tablespoon)

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

	6. 
	Fluids such as blood, urine, and bile should be collected using sterile syringes or pipettes and transferred to Teflon vials (blood) or amber glass vials (bile, urine)

	7. 
	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

	8. 
	Duplicate hydrocarbon and histology samples wherever possible

	9. 
	All samples should be labelled, using a permanent marker, with the unique carcass identification, sampling date/time, species, other animal ID if available (e.g. Field ID number)

	10. 
	Samples should be chilled immediately on ice then frozen as soon as possible at -80ºC.

	11. 
	Fill in chain of custody form 






[bookmark: _Toc514234676]Equipment Requirements 
[bookmark: _Ref500420602]The equipment requirements to implement seabird and shorebird assessment 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: _Ref507662807]Table 8‑1: Bird Survey Equipment List 
	Item
	Check

	Aerial survey for birds

	Survey platform: Access to rotary or fixed-wing aircraft (recommended AMSA Dornier 318 or CASA 212-400 fixed-wing aircraft; i.e. high-wing aircraft with downward visual capability) or marine vessels
	

	Per team member: personal protective equipment (life jackets, appropriate dark clothing (to minimise glare off aircraft windows) and footwear, sun hats, polarised sunglasses
	

	2 x hand held GPS units per team
	

	Video and stills camera with date stamp and GPS capability
	

	Logbook/observation sheets 
	

	Audio recorder
	

	Vessel survey for birds

	Per team member: personal protective equipment life jacket, appropriate footwear, sun hats, polarised sunglasses, whistle
	

	Video and stills camera with date stamp and GPS capability
	

	2 x hand held GPS device 
	

	Species field identification guide(s)
	

	Binoculars
	

	Nautical charts
	

	Logbook/observation sheets 
	

	Plastic bags (for collection of carcasses) and cable ties
	

	Haul nets
	

	Dip nets
	

	On-vessel refrigerator for storage of appropriately sized carcasses (if not possible, then suitably sized esky’s and frozen ice bricks/ice)
	

	Ground survey

	Four-wheel drive vehicle
	

	Binoculars
	

	Video and stills camera with date stamp and GPS capability
	

	Hand held GPS unit
	

	Logbook/observation sheets 
	

	Plastic bags (for collection of carcasses) and cable ties
	

	Field refrigerator for storage of appropriately sized carcasses (if not possible, then suitably sized esky’s and frozen ice bricks/ice)
	

	External feather collection

	Aluminium foil
	

	Isopropyl alcohol to rinse instruments
	

	Ziplock freezer bags
	

	Esky for sample storage
	

	Freezer ice blocks (frozen)
	

	Logbook/observation sheets 
	

	General

	Permanent markers, pens, and ruler
	

	All weather identification tags
	

	Hand disinfectant
	

	Measuring tape
	

	Chain of Custody forms 
	

	JSA forms 
	

	Field sheets 
	

	Sampling PPE (Disposable nitrile gloves, safety glasses / goggles, overalls)
	

	Handheld GPS (backup to vessel GPS)
	



[bookmark: _Toc514234677]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: _Ref507662827]

Table 9‑1: Bird Survey Personnel Requirements, Responsibility and Competencies
	Personnel 
	Responsibility
	Competencies
	Check

	Aerial surveys

	Marine fauna aerial observers x 2 per aircraft
	Recording of aerial-based observations of marine fauna
	Experienced marine fauna aerial-observer, with experience using proposed sampling equipment and as a Marine Fauna Observer (MFO)
	

	Vessel-based survey

	Specialist sampling team
	Recording of vessel-based observations of birds 
	Experienced ornithologist with demonstrable qualifications or accreditations 
Will need to be trained on how to externally sample fauna for hydrocarbon exposure if planned to be done
	


In addition to the personnel listed in Table 8‑1, survey methods may require vessels and/or aircraft and therefore additional team members may be required (e.g. vessel master and/or pilot).
[bookmark: _Hlk513576054]Oiled wildlife responders (as part of the Oiled Wildlife Response), with adequate oiled wildlife training and wildlife handling experience, would be required for the capture and transport of oiled wildlife to the appointed primary care facility. A veterinary pathologist(s)/wildlife veterinarian(s), or suitably qualified person, would also be required to carry out necropsies.
[bookmark: _Toc514234678]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. 
These field data procedures and protocols should be implemented:
· All personnel will have training, where relevant, on species identification and procedures for shorebird and seabird surveys
· All images will be checked to confirm that they are not blurry, etc.
· Each day, the Senior Ornithologist will review video and datasheet recordings and the database/spreadsheet to confirm accuracy and consistency in recording of data.
[bookmark: _Toc502661780][bookmark: _Toc502661797][bookmark: _Toc503354166]

[bookmark: _Toc514234679]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 should be low enough to allow comparison against benchmark levels.
All data analysis methods should be clearly described as part of any reporting. The methods should be sufficiently detailed such that the analysis can be independently replicated and the same results obtained by a competent third party unfamiliar with the monitoring program.
Comparisons of results from exposed and reference sites should be made, including appropriate statistical comparisons. 
Interpretation of results should be presented spatially to identify impacts at local and regional scales. Comparisons should also be made within and between sites over time following repeated sampling.
Available data from other OMPs and SMPs that may inform data analysis (e.g. spatial extent, including information on water depths and hydrocarbon contamination) should be considered where applicable. 
The data analysis outcomes of this SMP should be presented in a format(s) that can be applied to other SMPs to support assessment of cause-effect pathways for the determination of spill impacts to sensitive receptors. Data analysis should also consider the termination criteria for this SMP.
[bookmark: _Toc514234680]Field Data
Any digital field data should be downloaded from the monitoring instrument 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: _Toc514234681] Data Analysis 
The following analyses should be used as part of this assessment:
· Observe and quantify actual hydrocarbon exposure of birds: detail and compare records of oiled and dead birds during the spill and for a required duration post spill
· Identify and quantify the post-impact presence and activity/status of birds (e.g. foraging and/or nesting activity): measuring changes of selected bird populations at exposure sites prior to and post impact compared to population changes recorded at reference sites
· Quantify recovery: monitor populations at exposure sites and reference sites over time until they display similar dynamics.
Opportunistic observations undertaken during the implementation of OMPs and other SMPs should also be included in this assessment.
Where reference and baseline data are available, data analysis should compare impact sites to references sites while considering baseline data. Where either baseline or reference data are not available, data from impact sites should be compared over time.
Chemical analysis of bird samples for hydrocarbons will consider methods outlined in Burns et al. (2011, Ref. 25) and Gagnon and Rawson (2010, Ref. 26). All chemical analysis of samples will be completed at an accredited NATA laboratory (where relevant). Tissues and intestinal/stomach content will be analysed for total petroleum hydrocarbons (TPHs: C10-14, C15-28, C29-36) and 19 individual polycyclic aromatic hydrocarbons (PAHs). Limits of reporting are detailed in Table 11‑1. 
For determining whether an external hydrocarbon sample collected is from a particular source, hydrocarbon fingerprinting is required, whereby, the sample is tested via chemical methods (e.g., gas chromatography coupled with mass spectroscopy or flame ion detection). 
All necropsy/tissue sampling test results should be reviewed upon receipt and any anomalous values discussed with the laboratory. All data analysis should be clearly described in a methodology that accompanies any reporting. 
Data from other OMPs and SMPs that are available that may inform data analysis (e.g. spatial extent, hydrocarbon concentrations) should be considered where applicable. Data analysis should also consider the termination criteria for the SMP.
[bookmark: _Ref507662874]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: _Toc514234682]Data Management 
Monitoring activities may be undertaken over many months and are likely to result in data that may be obtained/generated from several sources in various formats:
· Logs and forms
· Photographs and video recordings
· Annotated maps
· Portable GPS/GIS units.
Managing the generated data requires extensive data storage, analysis, backup, and archiving. Samples should be treated as legal evidence and secured against loss or tampering. Copies of datasheets and analysis should be archived. All datasets should be accompanied by a metadata summary and documented QA/QC procedures.
[bookmark: _Toc514234683]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 for this SMP include: 
· Reports detailing impacts on seabirds and shorebirds as a result of a hydrocarbon spill. Reports should contain descriptive statistics of data collected. Reports should document whether the termination criteria have been reached and make recommendations on the requirements of future/further monitoring
· 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
· GPS positional information and photographs should be downloaded and backed up onto external hard drives each day
· 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. QA/QC’d data should be presented in spreadsheet format and then transferred to the Titleholder as required. 
[bookmark: _Toc514234684]Deliverables 
A final report that includes:
· Quantification of the impacts of the hydrocarbon spill and response activities on seabirds and shorebirds, including abundance, mortality, sub-lethal effects, sickness and oiling of seabird and shorebird populations
· Where an impact has occurred as a result of a spill event, quantification of the recovery of key seabird and shorebird behaviour and breeding activities
· Recommendations for suitable and relevant remediation activities
· Any data outputs made available to other relevant SMPs.
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