[image: 0104_Media_Release_Template_2]
[image: APPEA_MR_header Nov'12][image: APPEA_MRep_header][image: APPEA_MR_header][image: APPEA_MR_header]








[image: 0104_Media_Release_Template_2]


 

SCIENTIFIC MONITORING Plan (SMP): marine megafauna- reptiles

Contents 
1.	Aim/Objectives	3
2.	Rationale	3
3.	Initiation Criteria and Termination criteria	4
4.	Data and information requirements	4
5.	Monitoring Design	5
5.1.	Monitoring parameters/metrics	8
5.1.1	Physical monitoring parameters	8
5.1.2	Indicator species	9
5.2.	Survey technique and parameters	10
5.2.1 Population abundance/status of marine reptiles	10
5.2.1.6 Vessel-based spotlight surveys for estuarine crocodiles	11
5.2.1.7 Manta board surveys for sea snakes	12
5.2.1.8 Snorkel surveys for sea snakes	12
5.2.2	Marine reptile hydrocarbon exposure, health, mortality	12
5.2.3	oiled, injured, and diseased fauna recording	14
5.3	Monitoring sites	14
5.4	Monitoring Frequency and Duration	15
5.4.1	Population abundance/status of marine reptiles	15
5.4.2  Marine reptile exposure, health, and mortality	15
5.5	Sample Integrity	16
5.6	Transport and Storage	16
6	Mobilisation requirements	17
7	Standard Operating Procedures	17
8	Equipment Requirements	29
9	Personnel Requirements	32
10	QA/QC Requirements	32
11	DATA Analysis and management	33
11.4	Field Data	33
11.5	Data Analysis	33
11.5.1	Population abundance	33
11.2.2 Marine reptile exposure, health, mortality	34
11.2.3 Assessment of impact of hydrocarbon spill on beach condition (in terms of assessment of impact to turtle nesting beaches)	36
11.2.4 Assessment of hydrocarbon spill on benthic, coastal and intertidal habitat (in terms of assessment of impact to turtle and sea snake foraging habitat)	36
11.2.5 Assessment of impact of hydrocarbon spill on reptiles	36
12	Data Management	36
13	Reporting	36
13.4	Deliverables	37
14	Supporting documents, Standards and References	38



1. [bookmark: _Toc39572959]Aim/Objectives
The aim of this Scientific Monitoring Plan (SMP) is to identify and quantify the status and recovery of marine reptiles, including marine turtles, sea snakes and estuarine crocodiles, related to a hydrocarbon spill.
The objectives are to:
· To observe and quantify the presence of marine reptiles (including life stage) within the area affected by hydrocarbons 
· Where possible, assess and quantify lethal impacts and/or sub-lethal impacts directly related to the hydrocarbon spill or other secondary spill-related impacts (including vessel strike and/or use of dispersants)
· Assess the impact of the hydrocarbon spill on nesting turtles, nests, and hatchlings
· Understand changes in nesting beach usage by marine turtles following the hydrocarbon spill.
The monitoring program outlined in this SMP primarily focuses on marine turtles, while assessing other reptiles encountered. The highly dispersed distribution and ecology of sea snakes restricts the opportunity to monitor this group. Although estuarine crocodiles occur in coastal areas, they usually inhabit the lower reaches of rivers, hence the priority to monitor estuarine crocodiles will depend on the nature of the hydrocarbon spill and areas affected. 
[bookmark: _Toc39572960]Rationale 
The purpose of this SMP is to assess the impacts to reptiles from a hydrocarbon spill and assess the recovery of any affected marine turtle nesting populations. Hydrocarbon exposure as a result of a spill may result in both short and long term impacts to reptiles from direct contact, ingestion, inhalation or absorption of hydrocarbons or dispersants used in the spill response. Indirect impacts may also occur through contamination of the surrounding environment causing habitat loss, reduced food availability and behavioural changes. Of the reptile species, turtles are particularly vulnerable to hydrocarbon exposure. The potential oiling of gravid adult female turtles or hatchlings may occur in nearshore waters or when traversing beaches where surface and entrained hydrocarbons make shoreline contact. During the breeding season, turtle aggregations near nesting beaches will be most vulnerable due to greater turtle densities and potential impacts may occur at the population level. Additionally, shoreline accumulation may cause contamination/degradation of marine turtle nesting beaches. 
This monitoring program should provide an assessment of any impacts to reptiles, including, population level impacts to marine turtles resulting from lethal/sublethal impacts or habitat degradation that may be attributable to hydrocarbon exposure following a spill event. 
[bookmark: _Toc504832171]

[bookmark: _Toc39572961]Initiation Criteria and Termination criteria
The initiation and termination criteria for this SMP are outlined in Table 3‑1. 
[bookmark: _Ref34807958]Table 3‑1: Marine Megafauna (Reptiles) Impact Assessment Initiation and Termination Criteria 
	Initiation criteria
	Termination criteria

	Spill trajectory modelling, surveillance or monitoring predicts contact is possible at important habitat locations for turtles (foraging and rookery), sea snakes and/or estuarine crocodiles; or
Monitoring (OMP: Marine fauna assessment - reptiles) has identified contact or an impact to reptiles (dead, oiled, or injured reptiles) within area affected by hydrocarbons
	There has been no impact on reptiles or their key biological activities from the hydrocarbon spill; or
The extent of damage of impacted reptiles has been quantified; and
Measured parameters of turtle (and sea snakes and/or estuarine crocodiles, if determined appropriate) communities impacted by hydrocarbon spill have returned to within the expected natural dynamics of baseline state and/or control sites; and
Agreement has been reached with the relevant stakeholders and Jurisdictional Authorities to cease monitoring this receptor.  


[bookmark: _Toc39572962]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 on reptiles within the area affected by hydrocarbons 
For marine turtles any existing baseline data for nesting beaches identified as being at risk from exposure, and marine turtle nesting beaches outside the area affected by hydrocarbons 
Baseline data may be available from:
OSRA provided by AMSA
I-GEMS (WA only)
Review methods undertaken during baseline studies to ensure that data collected during this SMP can be directly compared to the existing baseline data

	Outputs from surveillance 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- Reptiles)
Knowledge of any proposed designs for other SMP activities
Data streams from marine water quality monitoring (OMP and SMP), including the location and concentrations of hydrocarbons in marine waters
Data streams from sediment quality monitoring (OMP and SMP), including the location and concentrations of hydrocarbons in sediments on turtle nesting beaches
Data streams from benthic, intertidal and coastal quality monitoring (SMP: Benthic Habitat Assessment and SMP: Intertidal and Coastal Habitat Assessment), enabling an assessment of impact on turtle foraging and internesting habitat



[bookmark: _Ref514228967][bookmark: _Toc39572963]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.]
This SMP should determine the presence of reptiles within the area affected by hydrocarbons and monitor the impacts and where possible recovery of reptiles. Monitoring of reptiles should include, where applicable:
· Determination of which reptiles are at risk based on their presence and geographical location within the area affected by hydrocarbons
· Monitoring the impact of the hydrocarbon spill or other secondary spill-related impacts on reptiles (i.e. number of mortalities and species oiled, degree of oiling, health. behaviour)
· Assessment of the population size of affected marine turtle species (including both nesting and in-water populations)
· Assessment of turtle hatching and emergence success.
· Assessment of the condition of nesting marine turtle habitat (e.g. hydrocarbon contamination levels)
· Assessment of the impact on foraging and internesting habitat (e.g. loss of prey species and degradation of habitat)
Note: There are limitations to this study. Scientific studies on marine reptiles are only likely to produce impact assessment outcomes if there is a known resident population, or reasonable confidence in the population numbers and use of an area. Often, insufficient data exists to compare the behaviour and condition of animals after a spill.
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- Reptiles, together with available ongoing reptile studies, should be used to develop the sampling design of the reptile 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
· Statistical approach proposed for data analysis
· Monitoring frequency required to ensure short-and long-term impacts are detected.
[bookmark: _Ref507664732]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 long-term 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 areas (including known turtle nesting beaches)
	No
	IvC, Gradient Approach, and/or Lines of Evidence Approach
	Will be determined as part of Program finalisation

	
	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 (e.g. important foraging habitat, marine turtle internesting areas etc.)
	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: _Ref507665501][bookmark: _Toc453687414][bookmark: _Toc470102182]


0. [bookmark: _Toc39572964]Monitoring parameters/metrics
Sampling to assess the status of the population of reptiles in the area affected by hydrocarbons should address the spatial and temporal variation of measured parameters (Table 5‑4). Before finalising the survey plan, an assessment should be done to determine the likelihood of reptile presence/absence, species and life cycle stage (e.g. breeding) at the time of the hydrocarbon release, based on the area predicted to be affected and time of year.
[bookmark: _Toc39572965]5.1.1	Physical monitoring parameters
Sampling to assess the status of the population of marine reptiles in the area affected by hydrocarbons should address the selection and spatial/temporal variation of measured parameters (Table 5‑2).
[bookmark: _Ref514228811]Table 5‑2: Selection of Parameters for Assessment
	Environmental Focus
	Parameters
	Methods
	Metrics

	Population abundance/status of marine reptiles
	Annual marine turtle nesting abundance
	Census and snapshot track counts (aerial
or ground surveys)  
	number (#) of tracks
species identification

	
	Marine turtle nesting distribution on beaches
	Census and snapshot track counts (aerial or ground surveys)  
	# and spatial distribution of tracks
species identification

	
	In-water abundance marine turtles and distribution
	Aerial or vessel surveys
	# of individuals
species identification

	
	Spatial and temporal movements of turtles impacted by spill
	Electronic (satellite) tagging

	Spatial and temporal movements (also enables carcass recovery if turtle dies)

	
	In- water sea snake presence/absence, distribution and population estimate

	· Manta board surveys
· Snorkel surveys
· Opportunistic observations during implementation of other OMs/SMs
	· species identification
· number of individuals

	
	Estuarine crocodile presence/absence, distribution and population estimate

	· Vessel based spotlight surveys at night (along coastal reaches of river systems)
· Opportunistic observations during implementation of other OMs/SMs
	· number of individuals based on eye reflection
· size class

	Marine reptile exposure/mortality/ health
	Evidence of direct impacts of hydrocarbons
	Necropsies/tissue sampling
External sampling/swabbing for evidence of hydrocarbon exposure
	TRH/TPH
PAH
Hydrocarbon spill fingerprinting 
Number of oiled individuals (dead and alive)
Cause of death and any sub-lethal findings

	
	Marine turtle hatching and emergence success
	Excavation of hatched nests to characterise clutch sizes, hatching success, emergence success, and record any deformities
	clutch size
hatching success
emergence success
records of hatchling conditions

	Beach condition (In terms of assessment of nesting habitat)
	Hydrocarbons in sediments
	Results from SMP- Sediment Quality Impact Assessment
	TRH levels
PAH levels
BTEX

	Benthic, coastal and intertidal habitat
(In terms of assessment of turtle foraging and internesting habitat)
	Evidence of impacts to benthic, coastal and intertidal habitats 
	Results from SMP- Benthic Habitats and SMP – Intertidal and coastal Habitats 
	Abundance, diversity, distribution, recruitment, and health of:
· Corals
· Filter feeders (including sponges)
· Soft coral
· Algae
· Seagrasses
· Molluscs, crustaceans


5.1.2 [bookmark: _Toc39572966]Indicator species
Indicator species may be selected for monitoring; selection should consider:
· currently available information/data on abundance/distribution/migration patterns within the region
· ability to observe/detect and correctly identify the species
· likelihood of exposure to hydrocarbons.
Additionally, prioritisation of indicator marine turtle species for monitoring should follow this order, as far as practicable:
1. breeding/nesting females
mating males
incubating nests
hatchlings
foraging residents.
[bookmark: _Toc39572967]Survey technique and parameters 
A summary of preferred survey techniques and associated parameters for reptiles is provided in Table 5‑2. Titleholders, in consultation with the Monitoring Provider, should make the final decision on the appropriate survey technique(s) that apply during a spill.
[bookmark: _Toc39572968]5.2.1 Population abundance/status of marine reptiles
The priority of monitoring marine reptiles is likely to be different under different spill conditions, the seasonal presence of species, and/or the life stage of the species present. A judgement will need to be made about the relative value of different survey techniques for the scientific monitoring depending on the focus.
It should be noted that estuarine crocodiles are mostly nocturnal, cryptic, and are easily disturbed by human presence. The standard survey methods described for aerial (Section 5.9.1.1.1) and vessel based surveys (Section 5.9.1.1.2) surveys, may fail to determine the presence of estuarine crocodiles (especially if they are in low abundance) or grossly underestimate the animals present.
Sea snakes tend to have a highly dispersed distribution and consequently, as with estuarine crocodiles, the standard aerial and vessel based survey methods for marine fauna may fail to determine the presence of sea snakes or grossly underestimate the animals present. Many seas snakes are known to prefer nearshore, shallow waters, including coral reefs, estuaries, mangroves and soft-sediment inter-reefal habitats (Ref. 10) and the use of manta boards and or/ snorkel surveys (Ref. 12; Ref. 13) in these areas are standardly used to detect them.
[bookmark: _Ref470000078]5.2.1.1 Snapshot Track Counts – Secondary Beaches
These counts are designed to rapidly assess beaches and include a single standalone beach inspection, which provides a limited indication of the number of turtles that have visited the beach. However, no temporal inference can be made as the number of tracks present depends on several factors, including weather conditions, tide state, and substrate type.
Snapshot track surveys may be replaced with aerial photographic surveys following data analysis and consultation with a marine turtle expert. If aerial surveys of beaches are used, these must be conducted in early morning when the sun is low, and tracks can be seen.
5.2.1.2 Census Track Surveys – Primary Beaches
Census track surveys collect data on nesting marine turtle abundance, spatial and temporal usage, and distribution between nesting beaches. Census track surveys record the number of new overnight nesting tracks on a beach across consecutive days. Primary indicator beaches should undergo regular ground-based census track monitoring, which may be supported by aerial photographic transect surveys.
5.2.1.3 In-water populations of turtles 
The standard survey platforms used for assessing marine turtles at sea are aerial or marine vessels. ‘Distance sampling’ methodology can then be used to calculate a species density or abundance as estimated form a sample of distances to detected individuals (Ref. 14).
[bookmark: _Ref507665104]5.2.1.4  Aerial Surveys of turtles 
Within Australian waters, most juvenile and sub-adult turtles show strong fidelity to chosen feeding grounds and do not move large distances. However, there are current knowledge gaps regarding foraging sites for many turtle species in Australian waters (Ref. 15). Aerial surveys are applicable to turtles in-water as they must periodically surface to breathe, and a fraction of the turtles in an area will be on the surface and available for counting at any given time (Ref. 16).  Aerial surveys over known or possible turtle foraging habitat can be used to provide a limited indication of turtle presence/absence, distribution and abundance. Detection of turtles via aerial surveillance has challenges similar to those for detecting small marine mammals, including glare, sea state, field of view, observer fatigue, and similarity of appearance. Species identification of turtles is difficult, even for well trained, highly experienced observers, and turtles smaller than 60 cm in carapace length are difficult to detect altogether (Ref. 17). 
[bookmark: _Ref507665116]5.2.1.5 Vessel Surveys
The main advantages associated with vessel-based surveys include the ability to record small fauna which are not visible using aerial surveys and potentially identify these to species level, and the ability to collect floating carcasses. Disadvantages include the risk of collision with wildlife, alterations to animal behaviour, observations are restricted to animals at or near the surface, and they are relatively slow compared to aerial surveys.
Surveys should be undertaken with a design that is stratified across a variety of depths and habitat types and from previous areas of high marine reptile sightings. Sea snakes and turtles regularly come to the surface to breathe and can be observed from a vessel. Sea snakes are best located in coral reefs and lagoons in small vessels traveling slowly (approximately 4 knots (7.5 km/hr)) along transect lines.
[bookmark: _Toc501637366][bookmark: _Toc39572969]5.2.1.6 Vessel-based spotlight surveys for estuarine crocodiles
Estuarine crocodiles in a marine environment tend to be associated with coastal reaches of river systems (e.g. estuaries, deltas, and the lower reaches of rivers and creeks). The standard method of surveying crocodiles is at night through the use of a spotlight (Ref. 18; Ref. 19). In order to maximise observation success, surveys should be conducted within seven days of the dark lunar cycle of the new moon and the low or falling tide. When the spotlight is shone at a crocodile under low light conditions the eye shine is a distinctive red or white colour (depending on the angle and intensity of light). This eye shine is the reflection of the light off the retinal tapetum and it can be seen beyond a hundred metres away under ideal conditions. The location of all crocodile observations should be recorded using a GPS and where possible the length of the animal recorded (this will aid in determining age class).The commencement location and end point of each survey should be recorded as a waypoint for the calculation of linear survey distance (Ref. 20). 
[bookmark: _Toc501637367][bookmark: _Toc39572970]5.2.1.7 Manta board surveys for sea snakes
Given the highly dispersed distribution and ecology of sea snakes, the opportunity to monitor this group is restricted and will be studied in a limited capacity. However, the nature and scale of monitoring of sea snakes should be ascertained by the technical lead at the time of initiation of the SMP.
Manta boards are a standard survey tool of the Australian Institute of Marine Science for surveys of benthic marine fauna and can be used to assess sea snake abundance (Ref. 12). Manta board surveys are most efficient in shallow waters (depths less than 10 metres) during the day and at low tide. The perpendicular distance of the animal from the transect line is judged by the observer(s) and recorded. These distances and transect lengths and areas are then used to estimate sea snake densities per hectare (see Guinea 2013 Ref. 13 for further detail). Video recordings (via attaching a camera to helmet of an observer(s)) can be used to improve accuracy and aid species identification. For safety, an assistant must continuously monitor the manta board observer(s).
[bookmark: _Toc501637368][bookmark: _Toc39572971]5.2.1.8 Snorkel surveys for sea snakes
Some species of sea snakes can be located during snorkel surveys. These surveys are best conducted during the day when snakes are foraging, the foraging depth and preferred substrate (e.g. rock substrate versus soft bottoms) will depend on the species. Snorkelers swim or drift between two GPS positions so that the area surveyed can be recorded (Ref. 12; Ref. 13).
5.2.1.9 Electronic (satellite) tagging
Marine turtles are highly mobile at sea and electronic tagging (satellite telemetry) can be used to understand movement and habitat use in terms of the hydrocarbon spill. Further, turtles impacted by a spill may continue to swim and eventually potentially strand in a location some distance away. Tagging offers the ability to track such animals and collect valuable data in terms of carcass recovery and the spatial and temporal movement of animals impacted by the hydrocarbon spill. Technological advances are increasing allowing for the miniaturisation of devices, as well as the incorporation of more sophisticated sensors into animal tags. The actual application of a tag can be invasive (e.g. the handling and interaction required to attach a satellite tag to a turtle’s shell) and requires liaison and permit approval (in addition animal ethics approval may also be required) from the relevant wildlife management agency. 
5.2.2 [bookmark: _Toc39572972]Marine reptile hydrocarbon exposure, health, mortality
[bookmark: _Ref470000225]5.2.2.1 opportunistic health assessment of nesting turtles
If a nesting turtle is encountered on a beach during monitoring it should be observed and assessed with regards to behaviour and condition both before and after egg laying and while she is covering the nest. Care needs to be taken to remain quiet and as still as practical to avoid disturbing the nesting behaviour. The turtle is safest to be approached once nesting has begun, but personnel need to remain quiet, kept to a minimum number, and remain behind the turtle’s head where possible.
A physical examination should be conducted on each nesting turtle once egg laying has begun to assess the following indicators of health:
Observable behavioural traits (e.g. agitation);
Skin lesions/damage/injury/parasites;
Visible coating of hydrocarbon (if present);
Presence and position of identification tags;
Maturity/age class;
Species; and
Turtle measurements (carapace length, carapace width, tail length, head width).
5.2.2.2  Turtle hatching and emergence Success
During the beach surveys, researchers should also excavate emerged marine turtle nests.  Emerged turtle nests may be identified through observed hatchling tracks indicating successful emergence of hatchlings, where possible (the optimal time to follow hatchling tracks is early morning when there is low light). The location of the nest should be identified, and the GPS position recorded.  The nest should then be excavated, and the contents counted and recorded, including: the number of number of shells, live hatchlings, dead hatchlings, undeveloped eggs, unhatched eggs, and emerged hatchlings. This data should be used to calculate hatching and emergence success.  Any unhatched eggs (up to 10) should be collected and frozen for chemical analysis. 
5.2.2.3 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 hydrocarbons were the cause of death (e.g. a floating carcass resulting from non-hydrocarbon related mortality may encounter surface slicks at 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 should be evaluated to determine whether a necropsy is viable; necropsies should not be performed on severely decomposed carcasses. Immediate necropsy (within 24 hours), or appropriate freezer storage of carcasses, is required to increase the likelihood of meaningful results. Tissue samples required for hydrocarbon analysis and a basic set of analytical tests should be undertaken. 
If a necropsy/ internal tissue sampling is not possible, external sampling 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:
· Marine turtles:
· Work (2000). Sea turtle necropsy manual for biologists in remote refuges (Ref. 21)
· Flint et al. (2009). A veterinarian’s guide for sea turtle post mortem examination and histological investigation (Ref. )22
· Sea snakes:
· Gillet et al. (2017). Post-mortem examination of Australian sea snakes (Hydrophiinae): Anatomy and common pathologic conditions. (Ref. 23)
· Crocodiles:
· Resources of the Vet Science Group, IUCN Crocodile Specialist Group (Ref. 24) 
· Step by Step Guide and Reporting Form for the Necropsy of Crocodilians
· Crocodile Necropsy: Procedures and Appearance of Tissues (Saltwater Crocodile: Crocodylus porosus)
5.2.3 [bookmark: _Toc39572973]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. 
5.3 [bookmark: _Toc39572974]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 and safety constraints of sample collection in remote locations, and the ability to provide meaningful information within a relevant time frame. Data from operational monitoring should be used to understand the spill trajectory and the potential exposure of marine turtle nesting beaches and preferred habitat of turtles (foraging and internesting habitat), sea snakes and estuarine crocodiles to spilt hydrocarbons. This data will help identify impact beaches (known turtle nesting beaches where shoreline contact has been identified) and impact in-water survey locations, as well reference beaches and in-water reference locations.
Beaches with turtle nesting activity in the area affected by hydrocarbons may be divided into primary beaches (those with high nesting density) and secondary beaches (restricted sandy nesting habitat [e.g. small physical size] or low to moderate nesting activity).
When determining monitoring sites for sea snakes it should be considered that many seas snakes are known to prefer nearshore, shallow waters, including coral reefs, estuaries, mangroves and soft-sediment inter-reefal habitats (Ref. 10) and hence consideration to these areas should be given when monitoring for sea snakes.
Estuarine crocodiles predominantly inhabit rivers, mangrove swamps and estuaries (Ref. 11), and hence inclusion of monitoring sites for estuarine crocodiles will be dependent on the area affected by hydrocarbons occurring within the known distribution of estuarine crocodiles in northern Australia and within preferred habitat types for this species.
5.4 [bookmark: _Toc39572975]Monitoring Frequency and Duration
Following the initiation of this SMP, surveys should be undertaken at least once in the first 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.
5.4.1 [bookmark: _Ref507664913][bookmark: _Toc39572976]Population abundance/status of marine reptiles
In respect to marine turtle nesting populations, monitoring should be timed to occur during the first peak nesting period (if known and feasible for mobilisation) after the hydrocarbon release. If the peak nesting period for a particular beach is not known, monitoring should be undertaken during the nesting periods for the relevant species, based on literature for the area. However, the frequency of the monitoring plan may be determined by the extent of the spill and the spatial, temporal, and seasonal variability of the biological indicators. Ideally, the survey should occur early in the morning when the light is low and before the first high tide.
If the hydrocarbon release occurs during the nesting season, the priority should be to mobilise teams to capture pre-hydrocarbon contact data for key marine turtle nesting beaches. For impacted areas, intra-season variation should be assessed via repeated sampling within a season. Conversely, inter-season variation identifies the duration of impact over time at the impact site(s) when compared to the selected regional pre-spill baseline and/or reference site(s). Primary beaches should be assessed over five consecutive days and surveys should be conducted weekly during the spill event, then every two weeks during clean-up. Secondary beaches should be assessed twice a week during the spill event then weekly during clean-up.
[bookmark: _Toc39572977]5.4.2  Marine reptile exposure, health, and mortality
Surveys measuring hatching and emergence success should occur concurrently with the surveys for population abundance and status. Carcasses, external swabs and tissue samples should be collected opportunistically.
It is a semi-aquatic reptile, primarily inhabit-
in rivers, mangrove swamps and estuaries. 
It is a semi-aquatic reptile, primarily inhabit-
in rivers, mangrove swamps and estuaries. 
It is a semi-aquatic reptile, primarily inhabit-
in rivers, mangrove swamps and estuaries. 
[bookmark: _Toc453687416][bookmark: _Toc470102184]

5.5 [bookmark: _Toc39572978]Sample Integrity
Any uncertainties concerning species identification, nesting success, etc., will be mitigated in the field by communicating with the Field Lead/marine turtle expert.
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 any markers if present
g. Oiling status (% oiled)
h. External ageing and sexing
i. Person responsible
j. Additional comments.
If carcass collection is not possible, external sampling for hydrocarbon exposure may be undertaken (this may also be undertaken in live animals). External sampling of cadavers for genetics and stable isotopes may also be undertaken.  All samples should be labelled with a unique animal identification, date, time of sampling, location of stranded reptile, name of person sampling, species, and anatomical location of swabbing sites.
5.6 [bookmark: _Toc39572979]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. 
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 should 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.
Table 5‑3 summarises the storage and transport needs for these samples. 
[bookmark: _Ref507665164]Table 5‑3: Tissue Sample Storage and Transport Requirements
	
	Sample
	Preservation Method
	Storage Requirements
	Transport Requirements

	Genetics
	Skin or liver (if available)
	70 to 100% ethanol, in internally labelled vials
	Frozen (-80 °C)
	Frozen (-80 °C)

	Stable isotopes
	Scute (1 to 2 cm3)
	70% ethanol
	Frozen (-20 °C)
	Frozen (-20 °C)

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



6 [bookmark: _Toc39572980]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. 
7 [bookmark: _Toc39572981] Standard Operating Procedures
[bookmark: _Hlk502755154][bookmark: _Ref500934745]The standard operating procedures to implement reptile surveys are provided in Table 7‑1 to Table 7‑11. 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. 
[bookmark: _Ref504915289] [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. 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: _Ref514230231]Table 7‑1: Standard Operating Procedure for Aerial Survey for Marine Fauna
	No. 
	SOP: Aerial Survey for Marine Fauna

	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 
Preference: aircraft-mounted cameras and techniques that can photograph transects flown

	2. 
	Calibrate transect estimation for each observer

	3. 
	Establish transects to be surveyed. Note shoreline survey segments from OMP: Shoreline Clean-up Assessment Technique (if available)

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

	5. 
	Assemble aerial observation team

	6. 
	Assemble equipment

	7. 
	Discuss and confirm the flight pan with the pilot

	8. 
	Conduct Job Safety Analysis

	During Survey

	1. 
	Aircraft speed: approximately 90–100 knots or as slow as safely possible; to be determined by the pilot
Altitude: approximately 100 m. Selected to maximise ease of marine turtle detection and identification, and minimise the risk of collision with ground structures or airborne birds (Ref. 25)
Beaufort state: <3
Confine observations to daylight hours, and suspend in heavy rain, heavy winds, fog, or rough seas

	2. 
	Team leader to record the following information:
At the beginning of the flight 
· Airport
· GPS latitude and longitude
· Wind speed (knots)
· Wind direction
· Air visibility (km)
· Observer and survey leader initials
· Take-off time
For each transect 
· Transect number
· Transect detection
· 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
· Glare port and starboard (as called by each observer)
Nominal height (feet; altimeter from aircraft controls)

	3. 
	Survey lead will record information via hardcopy or digital format (e.g. using a pocket computer programmed as a data logger)

	4. 
	For marine turtle (or other reptile) observations the following should be recorded:
· Observer
· Observer position
· Site ID (GPS location)
· Transect No.
· Time
· Record observations of each individual turtle/reptile or group of turtles/reptiles in real time to a dedicated handheld data logger
· Count all observed turtles/reptiles and record their identity (preferably species), and determine their age class (if possible)

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



Table 7‑2: Standard Operating Procedure for Vessel Survey for Marine Fauna
	No. 
	SOP: Vessel Survey for Marine Fauna

	Pre-work

	1. 
	Calibrate distance estimation for each observer

	2. 
	Establish transects to be surveyed

	3. 
	Establish strip width for transects (e.g. 200 m each side of the vessel). NOTE: For pelagic surveys, scan the entire area around the vessel out to a maximum distance that still permits accurate identification

	4. 
	Assemble vessel observation team, including:
· 2 x vessel marine fauna observers

	5. 
	Assemble equipment

	6. 
	Conduct Job Safety Analysis

	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. 
	Observer to record the following transect data at the start of the survey)
· Site ID
· Habitat type
· Transect No.
· Transect direction
· Observers
· Cloud cover
· Beaufort sea state
· Visibility
· Transect start coordinates
· Transect end coordinates

	3. 
	Marine fauna observations:
The following should be recorded by the observer 
Time
Angle and distance to the sighting
Species/genus
No. of individuals
Position in transect
Turbidity
Water depth
Record observations of each individual turtle/reptile or group of turtles/reptiles in real time to a dedicated handheld data logger
Count all observed turtles/reptiles and record their identity (preferably species), and determine their age class (if possible)
Identifiable behaviour
Other (record any animals close to the surface slicks and document any unusual behaviour or ill health)

	4. 
	Obtain photographs and/or video to help identify and count species

	5. 
	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 (hatchling/juvenile/adult)
· 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 Table 6‑9: Standard Operating Procedure for External Sampling of Live and Deceased Marine Fauna for Hydrocarbon Exposure).



Table 7‑3: Standard Operating Procedure for Vessel Based Spotlight Survey for Estuarine Crocodiles
	No. 
	SOP: Vessel Based Spotlight Survey for Estuarine Crocodiles

	Pre-work

	1. 
	Select a vessel with a four-stroke motor to reduce the degree of audible disturbance 

	2. 
	A 100- watt spotlight will be required to detect crocodiles or any signs of crocodiles

	3. 
	Establish transects to be surveyed

	4. 
	In order to maximise observation success, it is suggested to coincide the survey within 7 days of the dark lunar cycle of the new moon and the low or falling tide.

	5. 
	Assemble vessel observation team, including:
· 1 x experienced crocodile observer

	6. 
	Assemble equipment

	7. 
	Conduct Job Safety Analysis 

	During Survey

	1. 
	Vessel speed: 10 knots (range 5–15 knots)

	2. 
	Observer to record the following transect data at the start of the survey)
· Site ID
· Habitat type
· Transect No.
· Transect direction
· Observers
· Transect start coordinates
· Transect end coordinates

	3. 
	Estuarine crocodile observations:
Record observations of each individual crocodile or group of crocodiles in real time to a dedicated handheld data logger (time, GPS position)
Estimate total body length (if observers are unable to accurately estimate total length, the sightings should be recorded as ‘eyes only’)
Other (document any unusual behaviour or ill health)



Table 7‑4: Standard Operating Procedure for Manta Board Survey for Sea Snakes
	No. 
	SOP: Manta Board Survey for Sea Snakes

	Pre-work

	1. 
	A dinghy type vessel will be required for towing the manta board(s)

	2. 
	Establish transects to be surveyed

	3. 
	Assemble vessel observation team:
· 1 x onboard support person to face the stern and maintain visual contact of in-water snorkelers
· 4 x snorkelers (2 in the water, 2 on stand-by)

	4. 
	All team members to wear PPE appropriate to their task

	5. 
	Assemble equipment
· 2 x Manta board (A manta board can be made from a piece of wooden marine grade ply attached to 25 m of 4mm polypropylene rope and connected to the transom of a vessel)

	6. 
	Conduct Job Safety Analysis

	During Survey

	1. 
	Vessel speed: 2 knots 
Shallow waters to 10 m in depth
Daylight hours when underwater visibility tis the at its best (0900 to 1600) and the at low tide

	2. 
	Observers to record the following transect data at the start of the survey
· Site ID
· Habitat type
· Transect No.
· Transect direction
· Observers
· Transect start coordinates
· Transect end coordinates
· Water clarity

	3. 
	Two manta boards should be used with one snorkeler recording on the port side and the other the starboard. Observers will breathe by snorkel and wear half face masks

	4. 
	Each snorkeler should wear a helmet with a HD video camera secured

	5. 
	Each survey period should last 15 minutes

	6. 
	Sea snake observations to be conveyed to the on-board observer for recording:
The time, species (if known), age (if possible, adult or immature) and perpendicular distance of the sea snake from the transect line should be recorded
Other (document any unusual behaviour or ill health)

	7. 
	The times of all sea snake of observations and species recorded should be checked at the end of the towing period to avoid duplicate recordings



Table 7‑5: Standard Operating Procedure for Snorkel Survey for Sea Snakes 
	No. 
	SOP:  Snorkel Survey for Sea Snakes

	Pre-work

	1. 
	Support vessel

	2. 
	Establish transects to be surveyed

	3. 
	Assemble team:
· 1 x onboard support person to maintain visual contact of in-water snorkelers
· 4 x snorkelers (2 in the water, 2 on stand-by)

	4. 
	All team members to wear PPE appropriate to their task

	5. 
	Conduct Job Safety Analysis

	During Survey

	1. 
	Observers on-board vessel to record the following transect data at the start of the survey
· Site ID
· Habitat type
· Transect No.
· Observers
· Transect start coordinates
· Transect end coordinates
· Water clarity

	2. 
	Snorkelers swim or drift between two GPS positions

	3. 
	Each snorkeler should wear a helmet with a HD video camera secured

	4. 
	Each survey period should last at least 15 minutes

	5. 
	Sea snake observations to be conveyed to the on-board observer for recording:
The time, species (if known), age (if possible, adult or immature) and perpendicular distance of the sea snake from the transect line
Other (document any unusual behaviour or ill health)

	6. 
	The times of all sea snake of observations and species recorded should be checked at the end of the towing period to avoid duplicate recordings



[bookmark: _Ref514229177]Table 7‑6: Standard Operating Procedure for Turtle Snapshot Track Counts – Secondary Beaches
	No. 
	SOP: Snapshot Track Counts for Turtles

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Identify shoreline segments

	3. 
	Conduct Job Safety Analysis

	During Survey

	1. 
	Conduct snapshot track census in the early morning after a midnight high tide and before the nest high tide washes the overnight tracks away

	2. 
	Walk the length of the beach and record all downward tracks, or use high-resolution drone imagery

	3. 
	Assess track patterns to identify species, where possible

	4. 
	Follow downward tracks back to the last digging location to assess nesting success

	5. 
	Use GPS and stakes with flags to mark identified nest (inferred from visual observations) locations

	6. 
	Record the number of clutches hatched (based on hatchling tracks)

	7. 
	Record signs of human presence (e.g. vehicle tracks) or predators

	8. 
	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 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 (hatchling/juvenile/adult)
· Sex
Data sheet required for carcasses collected

	9. 
	If a nesting turtle is encountered on a beach during monitoring it should be observed and assessed with regards to behaviour and condition both before and after egg laying and while she is covering the nest. 
Care needs to be taken to remain quiet and as still as practical to avoid disturbing the nesting behaviour. The turtle is safest to be approached once nesting has begun, but personnel need to remain quiet, kept to a minimum number, and remain behind the turtle’s head where possible.
A physical examination should be conducted on each nesting turtle once egg laying has begun to assess the following indicators of health:
Observable behavioural traits (e.g. agitation)
Skin lesions/damage/injury/parasites
Visible coating of hydrocarbon (if present)
Presence and position of identification tags
Maturity/age class
Species
Turtle measurements (carapace length, carapace width, tail length, head width)

	10. 
	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





Table 7‑7: Standard Operating Procedure for Turtle Census Track Surveys – Primary Beaches
	No. 
	SOP: Census Track Surveys – Primary Beaches

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Identify shoreline segments

	3. 
	Conduct Job Safety Analysis

	During Survey

	Day 1

	1. 
	Day 1 – follow SOP for Snapshot Track counts (Table 6‑6) 

	2. 
	Mark all tracks to ensure they are not counted the following day

	Day 2

	1. 
	Walk the length of the beach and record all downward tracks, if no lines are marked

	2. 
	Follow downward tracks back to last digging location to assess nesting success

	3. 
	Use GPS to mark identified nest (inferred from visual observations) locations

	4. 
	Record number of clutches hatched overnight (based on hatchling tracks) – see Reproductive Success SOP (Table 6‑8)

	5. 
	Record signs of human presence (e.g. vehicle tracks) or predators

	6. 
	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 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 (hatchling/juvenile/adult)
· Sex
Data sheet required for carcasses collected

	7. 
	If a nesting turtle is encountered on a beach during monitoring it should be observed and assessed with regards to behaviour and condition both before and after egg laying and while she is covering the nest. 
Care needs to be taken to remain quiet and as still as practical to avoid disturbing the nesting behaviour. The turtle is safest to be approached once nesting has begun, but personnel need to remain quiet, kept to a minimum number, and remain behind the turtle’s head where possible.
A physical examination should be conducted on each nesting turtle once egg laying has begun to assess the following indicators of health:
Observable behavioural traits (e.g. agitation)
Skin lesions/damage/injury/parasites
Visible coating of hydrocarbon (if present)
Presence and position of identification tags
Maturity/age class
Species
Turtle measurements (carapace length, carapace width, tail length, head width)

	8. 
	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



[bookmark: _Ref514229210]Table 7‑8: Standard Operating Procedure for Measuring Turtle Hatching and Emergence Success
	No. 
	SOP: Measuring Turtle Hatching and Emergence Success

	Pre-work

	1. 
	Determine safety and logistical constraints for deployment of personnel

	2. 
	Identify shoreline segments

	3. 
	Conduct Job Safety Analysis

	During Survey

	1. 
	Walk the entire beach and identify emerged nests, through hatchling tracks (the optimal time to follow hatchling tracks is early morning when there is low light)

	2. 
	Use GPS to record nest locations

	3. 
	Excavate nests using hands and/or digging implements

	4. 
	Count and record nest contents including number of:
Shells
Live hatchlings
Dead hatchlings
Undeveloped eggs
Unhatched eggs
Emerged hatchlings

	5. 
	Collect unhatched eggs (up to 10) and freeze for chemical analysis



[bookmark: _Ref514229062]

Table 7‑9: Standard Operating Procedure for External Sampling of Live and Deceased Marine Fauna for Hydrocarbon Exposure
	No. 
	SOP: External Sampling of Fauna for Hydrocarbon Exposure

	Pre-work

	1. 
	Sampling of live stranded marine fauna for evidence of hydrocarbon exposure requires liaison and permit approval from the relevant wildlife management agency.

	2. 
	Only suitably trained and experienced personnel should be involved in the collection of samples from live animals.

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

	Sampling of visibly oiled animals (derived from Ziccardi et al. 2015 (Ref. 26), Appendix 3: Oiled marine mammal oil sampling protocol)

	1. 
	Persons wearing nitrile gloves scrape a sample of oil off the skin (in a location least dangerous to access) with a cotton gauze using sterile forceps or hemostats that have been cleaned with isopropyl alcohol.

	Sampling of animals not visibly oiled (derived from Ziccardi et al. 2015 (Ref. 26), Appendix 3: Oiled marine mammal oil sampling protocol)

	1. 
	Rub the most likely affected area (e.g. skin, mouth) with a cotton gauze using sterile forceps or haemostats that have been cleaned with isopropyl alcohol

	Following sample collection

	1. 
	The cotton gauze is then dropped into a solvent rinsed glass container with a Teflon-lined lid (e.g. I-Chem 300 series containers
Note: if the glass container is unavailable the sample should be wrapped in aluminium foil (dull side to sample) and placed in a zip lock bag.

	2. 
	All samples should be labelled with the unique animal identification, date, time of sampling, location of stranded animal, name of person sampling, species, and anatomical location of sample taken.

	3. 
	All samples should be refrigerated if transport to the laboratory should occur within 24 hours or frozen if longer (storage instructions should be confirmed with the laboratory).

	4. 
	Fill in chain of custody form 






Table 7‑10: 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 use a sterile scalpel blade to excise a small section of skin/scales from the cadaver (5 mm2). The area of skin/scales sampled should be in an area most protected from the sun. Duplicate samples should be collected and placed in individual vials containing 70 to 100% ethanol along with an internal label.  All samples should be labelled with at least the unique animal identification, date, and sample type. Samples should be stored at -20C.

	Collection sample for stable isotopes

	1. 
	Persons wearing nitrile gloves should use a sterile scalpel blade to excise a small section ( 1 to 2 cm2) of scute from marine turtles or scales from sea snakes/estuarine crocodiles. The area sampled should be in an area most protected from the sun. Duplicate samples should be collected and placed in individual vials containing 70% ethanol along with an internal label.  All samples should be labelled with at least the unique animal identification, date, and sample type. Samples should be stored at -20C.

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

	3. 
	Fill in chain of custody form 



[bookmark: _Ref507665443]Table 7‑11: Standard Operating Procedure for Tissue Collection for Hydrocarbon Analysis
	No. 
	SOP: Tissue Collection 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, 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 (derived from Ziccardi et al 2015 (Ref. 26), Appendix 4: Oiled marine mammal tissue sampling protocol)

	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; whole blood, stomach and intestinal contents; fat; 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 




8 [bookmark: _Toc39572982]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: _Ref507665579]Table 8‑1:Reptile Survey Equipment List 
	Item
	Check

	Aerial Survey for Marine Fauna

	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
	

	Clinometers
	

	Logbook/observation sheets 
	

	Audio recorder
	

	Vessel Surveys for Marine Fauna

	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
	

	100-watt spotlight for estuarine crocodile surveys
	

	Nautical charts
	

	Logbook/observation sheets 
	

	Large 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 suitably sized esky’s and frozen ice bricks)
	

	Snapshot and Census Turtle Surveys

	Binoculars
	

	Video and stills camera with date stamp and GPS capability
	

	Hand held GPS unit
	

	Stakes (for use as markers). Small ‘flags’ may be required to aid visibility of nest locations to responders
	

	Large plastic bags (for collection of carcasses) and cable ties
	

	Stretcher for transport of large turtle carcasses
	

	Refrigerator for storage of appropriately sized carcasses and unhatched (if not possible, suitably sized esky’s and frozen ice bricks)
	

	Logbook/observation sheets 
	

	Manta Board Survey for Sea Snakes

	Per team member: personal protective equipment (life jackets, long-sleeved shirts, long trousers) and footwear, sun hats, polarised sunglasses
In-water: full-length wet-suits, whistles, life jackets
	

	2 x Manta boards consisting of wooden marine grade ply attached to 25 m of 4 mm polypropylene rope
	

	Hand held GPS device
	

	2 x HD video cameras attached to light weight helmets
	

	4 x half-mask and snorkel
	

	Logbook/observation sheets 
	

	Snorkel Survey for Sea Snakes

	Per team member: personal protective equipment (life jackets, long-sleeved shirts, long trousers) and footwear, sun hats, polarised sunglasses
In-water: full-length wet-suits, whistles
	

	Hand held GPS device
	

	2 x HD video cameras attached to light weight helmets
	

	4 x half-mask and snorkel
	

	Logbook/observation sheets 
	

	External Sample Collection

	Solvent-rinsed glass container with Teflon-lined lids for tissue samples
	

	Aluminium foil
	

	Isopropyl alcohol to rinse instruments
	

	Disposable biopsy tool (scalpel handle and disposable blades)
	

	Disposable forceps
	

	Surgical scissors
	

	Sampling bottles and preservative (70–100% ethanol):
Sterile glass containers/vials 
	

	Sharps disposal container
	

	Wooden tongue depressors
	

	Ziplock freezer bags
	

	Hemostats or forceps (may use disposable)
	

	Cotton gauze
	

	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 
	

	JHA forms 
	

	Field sheets 
	

	Sampling PPE (Disposable nitrile gloves, safety glasses / goggles, overalls, disposable apron, gum boots)
	

	Handheld GPS (backup to vessel GPS)
	


9 [bookmark: _Toc39572983]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: _Ref507665639]Table 9‑1: Reptile Survey Personnel Requirements, Responsibility and Competencies
	Personnel 
	Responsibility
	Competencies 
	Check

	Marine sampling team (2 to 3 people)
	Lead turtle beach surveys including track counts and nest excavations
QA/QC database each day 
Undertake ground/aerial/vessel surveys
Input data into database each day
	Experience in marine turtle surveys 
Able to identify species by tracks and hatchlings
	

	Sea Snake sampling team (2 to 3 people)
	Undertake sea snake surveys
Input data into database each day
	Experience in sea snake surveys 
	

	Estuarine Crocodile sampling team (2 to 3 people)
	Undertake crocodile surveys
Input data into database each day
	Experience in estuarine crocodile surveys
	


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.
10 [bookmark: _Toc39572984]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:
· The respective Field Lead will review the hardcopies and the database/spreadsheet each day, to ensure accuracy.
· Backup data files will be opened once created to verify the backup was completed.
· All personnel will have training, where relevant, on species identification and procedures for reptile surveys.
· All images will be checked to confirm that they are not blurry etc.
11 [bookmark: _Toc502661780][bookmark: _Toc502661797][bookmark: _Toc503354166][bookmark: _Toc39572985]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.
11.4 [bookmark: _Toc39572986]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. 
11.5 [bookmark: _Toc39572987]Data Analysis 
11.5.1 [bookmark: _Toc39572988]Population abundance
11.2.1.1. In-water populations of reptiles
These resources should be used for in-water population estimates for turtles and sea snakes:
Distance Sampling: Methods and Applications (Ref. 14)
Florida’s Wildlife Contingency Plan for Oil Spill Response – June 2012 Sea Turtle Guidelines for Oil Spill Response (Ref.  27) 
The Centre for Research into Ecological and Environmental Modelling at University of St Andrews, Scotland, has developed a statistical tool for analysing distance data. The program—DISTANCE—can be downloaded free of charge (http://distancesampling.org). An indication of the statistical power to detect change in monitoring criteria should be assessed following analysis of the baseline/reference data by a subject matter expert statistician/modeller
The relative density of estuarine crocodiles can then be determined as the number of crocodiles per kilometre of waterway surveyed (Ref. 20).
11.2.1.2. Nesting populations
Track counts should be used as the abundance metric for the nesting female population.
[bookmark: _Toc39572989]11.2.2 Marine reptile exposure, health, mortality
11.2.2.1 Turtle hatching and emergence success
Hatching and emergence success should be calculated for each nest. Examples of equations used to determine clutch size, hatching and emergence successes (based on Miller 1999 Ref. 28) are as follows:
1. Clutch size = #S+ #UD + #UH + #UHT + #LE + #P
2. Hatching success = # S x 100/clutch size
3. Emergence success = #S-(#L+#D) x100/clutch size
Where:	# = numbers of:
S = shells
L = live hatchlings in nest 
D = dead hatchlings in nest 
UD = undeveloped eggs 
UH = unhatched eggs 
UHT = unhatched eggs with full-term embryos 
E = emerged hatchlings 
P = depredated eggs 
Y = yolkless eggs 
11.2.2.2 Necropsy and tissue samples
Chemical analysis of reptile samples for hydrocarbons should consider methods outlined in Burns et al. (2011, Ref. 29) and Gagnon and Rawson (2010, Ref. 30). All chemical analysis of samples should be completed at an accredited NATA laboratory (where relevant). Tissues and intestinal/stomach content 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 recommended, 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. 
[bookmark: _Ref507665736]Table 11‑1: Limits of Reporting for Laboratory Analysis
	Analyte
	Limit of Reporting 

	
	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: _Toc39572990]11.2.3 Assessment of impact of hydrocarbon spill on beach condition (in terms of assessment of impact to turtle nesting beaches)
See SMP: Sediment Quality Impact Assessment.
[bookmark: _Toc39572991]11.2.4 Assessment of hydrocarbon spill on benthic, coastal and intertidal habitat (in terms of assessment of impact to turtle and sea snake foraging habitat)
See SMP: Benthic Habitats and SMP- Intertidal and Coastal Habitats.
[bookmark: _Toc39572992]11.2.5 Assessment of impact of hydrocarbon spill on reptiles
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.
Results should be analysed using appropriate techniques within the constraints of the monitoring program design. 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.
12 [bookmark: _Toc39572993]Data Management 
Monitoring activities may be undertaken over many months/years 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.
13 [bookmark: _Toc39572994]Reporting
[Monitoring Provider is to review and finalise reporting requirements listed below, including a description of the proposed content, indicative delivery timeframes etc.]
The recommended QA/QC protocols for record keeping related to this SMP include: 
· Reports detailing impacts on reptiles as a result of a hydrocarbon spill. Reports should contain an up-to-date summary 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. 
13.4 [bookmark: _Toc39572995]Deliverables 
A final report that includes:
· Quantification of the presence of marine reptiles (including life stage) within the area affected by hydrocarbons 
· Quantification of the impacts of the hydrocarbon spill and response activities on reptiles, including abundance, mortality, sub-lethal effects, sickness and oiling
· Assessment of the impact of the hydrocarbon spill and response activities on nesting turtles, nests and hatchlings
· Determination of any changes in turtle nest beach usage by marine turtles following the hydrocarbon spill
· Recommendations for suitable and relevant remediation activities
· Any data outputs made available to other relevant SMPs.
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