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SCIENTIFIC MONITORING Plan (SMP): marine megafauna- pinnipeds
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1. [bookmark: _Toc514233713]Aim/objective
The aim of this Scientific Monitoring Plan (SMP) is to undertake a quantitative assessment to understand hydrocarbon impact and subsequent recovery of affected pinniped populations (Australian Sea Lion, Neophoca cinerea, New Zealand Fur Seal, Arctocephalus forsteri and the Australian Fur Seal, Arctocephalus pusillus) where they exist within the affected by hydrocarbons. 
The objectives are to:
· Identify mortality of pinnipeds, where possible, that is directly related to the hydrocarbon spill or indirectly associated to spill-related impacts (including boat strike and/or use of dispersants)
· Assess the impact of the hydrocarbon spill on pinniped species populations as recorded for breeding colonies and haul-out sites of hydrocarbon exposure/contact
· Evaluate the recovery of pinniped breeding colonies
[bookmark: _Toc514233714]Rationale 
The purpose of this SMP is to assess the impacts from a hydrocarbon spill and/or response activities to pinnipeds at breeding colonies and haul out sites within the area affected by hydrocarbons. External exposure of pinnipeds to hydrocarbons can result in sub-lethal effects, such as dermal injury and conjunctivitis, and also lethality.  Additionally, contact with hydrocarbons can impair the thermal insulative value of fur resulting in hypothermia having either sub-lethal or lethal consequences. Fur seals are more vulnerable due to the likelihood of oil adhering to fur. Heavy oil coating and tar deposits on fur seals may result in reduced swimming ability and lack of mobility out of the water.
Internal exposure of hydrocarbon by ingestion (either by direct ingestion or indirect through food and water sources) can result in sub-lethal effects, such as gastrointestinal ulcers and liver and kidney damage, and also lethality. Inhalation of volatile hydrocarbons can result in central nervous system and pulmonary damage and behavioural abnormalities having either sub-lethal or lethal consequences (Ref. 1). Further, some pinniped species may use olfaction for mother-pup recognition (Ref. 2), hydrocarbons have the potential to affect/disguise an individual’s scent which could result in pup rejection, abandonment and starvation leading to pup lethality. 
The monitoring program should provide an assessment of any population level impacts to pinnipeds resulting from sublethal and lethal impacts that may be attributable to hydrocarbon exposure following a spill event. 
[bookmark: _Toc504832171][bookmark: _Toc514233715]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 (Pinnipeds) 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 pinnipeds (foraging, breeding colonies, and haul out sites); or
· Monitoring (OMP: Marine fauna assessment - pinnipeds) has identified contact or an impact to pinnipeds (dead, oiled, or injured pinnipeds) within the area affected by hydrocarbons
	· There has been no impact on pinnipeds or their key biological activities from the hydrocarbon spill; or
· The extent of damage and rate of recovery of impacted pinnipeds has been quantified at breeding colonies and haul out sites within the area affected by hydrocarbons; and
· Measured parameters of pinniped populations 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: _Toc514233716]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)
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 - Pinnipeds)
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)



[bookmark: _Toc514233717]

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.]
Scientific monitoring for pinnipeds can be achieved by assessing the population status of potentially affected pinniped species and any changes in population or behavior. As well as by investigating mortalities and examining direct contamination of pinnipeds. Monitoring should include, where applicable:
· Assessing the population size of the affected pinnipeds
· Assessing the exposure of pinnipeds to hydrocarbon.
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- Pinnipeds, together with available ongoing pinniped studies, should be used to develop the sampling design of the pinniped 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
· Monitoring frequency required to ensure short-and long-term impacts are detected
· Availability of OMP data
· Availability of appropriate reference sites
· Statistical approach proposed for data analysis
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 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).
[bookmark: _Ref507663492]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 known to be pinniped breeding or haul-out sites
	No
	IvC, Gradient and/or Lines of Evidence Approach
	Should be determined before the survey; at least three replicate sites within impact and reference areas

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

	Hydrocarbon spill interacts with nearshore areas close to breeding or haul-out sites
	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: _Toc453687414][bookmark: _Toc470102182]
[bookmark: _Toc514233718]Monitoring parameters/metrics
Sampling to assess the status of the population of pinnipeds in the affected by hydrocarbons should address the spatial and temporal variation of measured parameters (Table 5‑2). Before finalising the survey plan, an assessment should be done to determine the likelihood of pinniped presence/absence, species and life cycle stage (e.g. breeding) at the time of the hydrocarbon release, based on the affected by hydrocarbons and time of year.
[bookmark: _Ref514232742]Table 5‑2: Monitoring Metrics for Pinnipeds
	Environmental focus
	Key Parameter
	Methodology
	Condition Metric

	Population abundance of pinnipeds
	Abundance at breeding colonies (pup production)
	Ground surveys for pup counts at breeding colonies
	· Number of pups (dead, alive, brown, moulted)

	
	Abundance at haul-out sites
	Census via aerial or boat platform or from a land based lookout 
	Number of pinnipeds

	Pinniped exposure/ mortality/ health


	Chemical contamination


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



The population size of a pinniped colony is difficult to estimate given juveniles/adults are constantly coming and going. There are also various cyclical factors that affect the proportion of animals present at any one time, including breeding chronology, seasons, prey availability, weather patterns, time of day, and lunar and tidal cycles (Ref. 12).  Consequently, an accepted census technique for pinnipeds is to undertake a count of newborn pups at breeding colonies[footnoteRef:2], as this is the only age class guaranteed to be on land and available at one occasion. There are negatives to monitoring pups, some are discussed below, but pups and older adults also tend to be more susceptible to hydrocarbon impacts, and so any interpretation of population impacts must be interpreted carefully. Modern monitoring techniques, including UAV and remote sensing, may make monitoring of adults over time more viable. The following method descriptions are largely focused on pup monitoring, however, monitoring adults shouldn’t be discredited. [2:  Breeding colonies are considered to be sites where a minimum of five ‘brown’ pups have been recorded during at least one survey over the past 20 years (Ref. 18)] 

Pups generally remain ashore when disturbed during or at the end of the pupping season. It should however be highlighted that pup populations may fluctuate over time. Within a season, there can be a high level of new born pup mortality and an unknown number of pups will die, decompose and be washed away and therefore be unavailable to count (Ref. 12). 
Pup numbers can be highly variable among years, even in a stable population. This is because fluctuations in prey availability influence both the proportion of females that can carry a pregnancy through to term and the survival of newborn pups. It is therefore important that long-term, routine counting of pups is undertaken to establish a population status and trends (Ref. 12).
A census should also be undertaken to assess impacts of adults at haul out sites[footnoteRef:3] remote from the haul-out site itself (e.g. aerial, vessel, look out location) to avoid disturbance of sea lions or seals which are highly mobile and often leave the colony when disturbed. [3:  Haul-out sites are sites at which seals haul-out frequently and there are no pups (Ref. 18)] 

[bookmark: _Toc514233719]Survey techniques
Survey techniques should vary depending on the objectives of the monitoring design. Titleholders, in consultation with the Monitoring Provider, should make the final decision on the appropriate survey technique(s) and parameters that apply to an individual spill.
[bookmark: _Toc514233720]Population abundance
There are three survey techniques currently utilised for monitoring pinniped breeding colonies, including aerial photography, direct ground counts and capture-mark-re-sights (CMR)/mark recapture (M-R)(Ref. 12). Aerial photography tends to result in under recording of pups, as it misses those pups that are hidden from view, as well as those in tight clusters or in water. Although direct counts utilise a greater search effort, an unknown proportion of pups may be obscured during counting (sightability bias) by, for example, rocks, caves or other seals, or especially in the case of Australian sea lions, absent from the colony (availability bias). CMR)/M-R methods are the most accurate techniques for estimating abundance as the number of marked, unmarked and dead pups sighted are recorded each visit. Comparison of direct counts and mark-re-sight estimates have shown that ground count estimates are consistently lower than those obtained by mark-re-sight methods (Ref. 15). The CMR/M-R methods also enable calculation of confidence limits around estimates, which is important when trying to determine the significance of trends in pup production across years (Ref. 12).
During the survey any seals or sea lions with visible oiling should be recorded. It should however be noted that the extent of external oiling can be difficult to assess in pinnipeds because of their dark pelts with a natural sleek sheen (Ref. 16) and, over a relatively short period of time, previously oiled pinnipeds can appear non-oiled due to moulting and/or natural cleansing (Ref. 17). 
[bookmark: _Toc514233721]5.2.1.1 Breeding colonies of new zealand and australian fur seals
The Australian and New Zealand fur seals undergo annual, synchronous breeding in spring and summer (Ref. 12). The ‘direct count’ method can be used to assess pup production at breeding colonies.  In general, only single counts are undertaken as the disturbance can cause some pups to hide or enter the sea.  A team of 2 observers move together, as quietly as possible, and count pups.  One observer is usually responsible for maintaining the count and the other observer will usually search carefully including under vegetation and in rock holes, reporting any sightings to the recorder. During each count pups should be classified as brown, moulted, unclassed or dead. Any dead pups should be marked to prevent recounting in subsequent surveys.
Given the short, synchronous breeding season of fur seals, the use of CMR/M-R methods may also be considered, as most pups are available for survey at the end of the breeding and all are easily recognisable as pups (versus other age classes). 
[bookmark: _Toc514233722]5.2.1.2 Breeding colonies of australian sea lion
The Australian sea lion has an 18 month asynchronous breeding cycle, meaning that it can pup in any month of the year and that month changes over time. It also means the breeding period in one colony will occur at different times to breeding in another colony (Ref. 12).
During visits to colonies, behaviour of adult sea lions should be noted to determine if a pupping season is imminent, continuing or finished. When adult males maintain several metres between each other and herd adult females, a pupping season is imminent or underway. If breeding has ended, adult males display a lack of interest in each other. Other indications that a pupping season has finished (particularly for large colonies) are that the smallest pups are older than 3 weeks and that the largest pups have moulted completely (Ref . 19).
Because of the long breeding season of Australian sea lions (up to 9 months), by the end of the pupping season some pups may have dispersed, moulted (and therefore may go unrecognised) or died. Methods using multiple, sequential M-R methods and spaced throughout the breeding season, can provide a means to estimate the number of pups present at the time of the survey using the Petersen estimate (Ref. 20; Ref. 21; Ref 18), and the Cumulative Pup Production (CPP) method can be used to determine the number of pup births between consecutive Mark-Recapture surveys (Ref. 13). The Petersen estimate yields an accurate result if a number of conditions are met (Ref. 22). These include: the probability of capturing an individual is the same for all individuals in the population; no animal is born or immigrates into the study area between marking and recapturing; marked and un-marked individuals die or leave the area at the same rate; and no marks are lost. 
For small colonies (<40 pups) the M-R method for counting pup production is unlikely to be suitable. This is because in small colonies the densities of pups are low, and pups are often widely dispersed thus causing insufficient mixing of marked and unmarked pups to satisfy the requirements of mark-recapture (e.g. equal capture probabilities of marked and unmarked pups). A modification to the direct counting method has been developed for use in small colonies and is termed the Cumulative Mark and Count (CMC) method. This method reduces the influence of sightablity and availability bias that occurs during ‘direct counts’ on pup abundance estimates (Ref. 20). 
[bookmark: _Toc514233723]5.2.1.3 Haul out sites
A ‘direct count’ method should be used when all visible seals or sea lions can be counted.  This should either be done through visual counts from aerial surveys, a vessel or land based (e.g. cliff look out). Survey teams should consist of at least two personnel who will undertake independent counts. In the event that aerial surveys are undertaken simultaneous with the real-time counts, oblique photographs should be taken, which can be used to corroborate the counts.
[bookmark: _Toc514233724]Exposure to hydrocarbons
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 oil, as the presence of hydrocarbons on a carcass does not necessarily mean the 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 hydrocarbons. 
It should be noted that pinniped pups can have a high and variable mortality rate due to natural causes.
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 in order 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:
· Pugliares et al. (2007, Ref. 23). Marine mammal necropsy: an introductory guide for stranding responders and field biologists
[bookmark: _Toc514233725]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 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: _Toc514233726]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 should be used to understand the spill trajectory and the potential exposure of breeding colonies and haul-out-sites to spilt hydrocarbons. This data will help identify monitoring locations, including impact sites (pinniped terrestrial habitat that may have been exposed to hydrocarbons) and reference sites. However, breeding colonies should be accessible either by a tender from a vessel or land. Sites that are not accessible by land or boat may not be monitored, due to logistical and/or safety constraints, though remote techniques could be employed or investigated.
[bookmark: _Toc453687415][bookmark: _Toc470102183][bookmark: _Toc514233727]Monitoring Frequency and Duration
Following the initiation of this SMP, surveys should be undertaken at breeding colony location and haul-out site. 
The Australian and New Zealand fur seals undergo annual, synchronous breeding in spring and summer and surveys are best conducted at the end of the breeding as this is when most pups are available; repeating surveys at roughly the same time annually is recommended (Ref. 12). 
The Australian sea lion has asynchronous breeding pattern and variable length of the breeding season, which can make it difficult to determine the breeding season of a particular colony. Breeding seasons are longer in large colonies, usually lasting 6-9 months, although up to 12 months has been recorded for some colonies. Although in small colonies the breeding season may only last 3-4 months (Ref. 13). A critical aspect of the success of surveys, is getting the timing right with respect to the breeding season. For large colonies, it is suggested that surveys commence in the third month of breeding and 2-3 surveys per breeding season should subsequently be undertaken if the full extent of the breeding is to be monitored (Ref. 13).
For small colonies of Australian sea lion, it is suitable to conduct surveys towards the end of breeding (Ref. 13) given surveys conducted at the end of the breeding season rarely record any moulted pups, indicating that breeding is over before the oldest pups have moulted, which most likely occurs around 5 months of age (Ref. 14).
Carcasses and external hydrocarbon samples (from both live and deceased animals) should be collected opportunistically throughout the census of breeding colonies.
[bookmark: _Toc453687416][bookmark: _Toc470102184][bookmark: _Toc514233728]Sample Integrity
Any uncertainties concerning species identification, should be mitigated in the field by communicating with the Field Lead/marine pinniped 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. whether animal has moulted 
j. person responsible
k. additional comments.
If carcass collection is not possible, external sampling of fur 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 pinniped, name of person sampling, species, and anatomical location of swabbing sites.
[bookmark: _Toc514233729]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: _Ref507663768]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
	Tissue (other than fat)
	70% ethanol
	Frozen (-20 °C)
	Frozen (-20 °C)

	Toxicology
	Tissue, swab, and 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: _Toc514233730]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: _Toc514233731]Standard Operating Procedures
[bookmark: _Hlk502755154][bookmark: _Ref500934745]The standard operating procedures to implement pinniped surveys are provided Table 7‑1 to Table 7‑6. 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 SMP, in consideration of the aforementioned points, in addition to best practice documentation. Tables 7‑1 to Table 7‑6 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 5.9 ].
Different methods apply, depending on whether sampling is conducted at a breeding colony or haul-out site, or whether the location is a breeding site for the Australian Sea Lion or the New Zealand/Australia Fur Seal. For fur seals either the direct count or the Mark-Recapture (M-R) methods can be used given the short synchronous breeding cycles of these species. Given the long asynchronous breeding cycle of the Australian Sea Lion, M-R methods are most suitable. 


Table 7‑1: Standard Operating Procedure for Direct Count of Pinniped Pups 
	No. 
	SOP: Direct Count of Pinniped Pups

	1. 
	Two observers will move together, as quietly as possible, along the shoreline

	2. 
	Count and record all pups

	3. 
	One observer will be responsible for maintaining the count

	4. 
	The other will search carefully including under vegetation and in rock holes, reporting any sightings to the recorder

	5. 
	Classify pups brown, moulted, unclassed

	6. 
	Once the count of live pups is complete, go back through the colony and count dead pups

	7. 
	Mark all dead pups (e.g. via GPS location or spray paint) to prevent recounting in subsequent surveys

	8. 
	Additional:
· Record any signs of visible oiling (% of body oiled and distribution)
· Record any signs of unusual behaviour or ill health

	9. 
	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 (neonate/juvenile/adult)
· Sex
Data sheet required for carcasses collected

	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
Results from survey





Table 7‑2: Standard Operating Procedure for Mark-Recapture and Cumulative Mark and Count Survey Methods
	No. 
	SOP: Mark-Recapture and Cumulative Mark and Count Survey Methods

	Pre-work

	1. 
	Any marking of pups requires liaison and permit approval from the relevant wildlife management agency.

	2. 
	Conduct Job Safety Analysis

	Survey

	1. 
	Two observers will move together, as quietly as possible, along the shoreline

	2. 
	Catch and mark all pups, marks can include:
· Clipping a patch of hair on the back
· Bleach on the shoulder
· Tags on the fore-flippers
· Passive Integrated Transponder tags (PIT tags) subcutaneously inserted in the back of the neck using sterile single-use needles. 

	3. 
	One observer will be responsible for maintaining the count

	4. 
	The other will search carefully including under vegetation and in rock holes, reporting any sightings to the recorder

	5. 
	Classify pups as marked or unmarked

	6. 
	Record the number of pups marked (that were previously unmarked)

	7. 
	Once the count of live pups is undertaken, go back through the colony and count dead pups

	11. 
	Mark all dead pups to prevent recounting in subsequent surveys

	12. 
	Additional:
· Record any signs of visible oiling (% of body oiled and distribution)
· Record any signs of unusual behaviour or ill health

	13. 
	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 (neonate/juvenile/adult)
· Sex
Data sheet required for carcasses collected

	14. 
	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
Results from survey



Table 7‑3: Standard Operating Procedure for Direct Counts at Haul Out Sites
	No. 
	SOP: Direct Counts at Haul Out Sites

	1. 
	Two observers will observe the haul-out site from aerial surveys, a vessel, or land-based (e.g. cliff lookout)

	2. 
	Each observer will undertake an independent count; count all seals and/or sea lions and identify them to species level (if possible)

	3. 
	Additional:
· Record any signs of visible oiling (% of body oiled and distribution)
· Record any signs of unusual behaviour or ill health

	4. 
	If aerial surveys are undertaken simultaneously with the real-time counts, take oblique photographs to corroborate the counts

	5. 
	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
Results from survey


[bookmark: _Ref504915289]
Table 7‑4: 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.

	4. 
	Conduct Job Safety Analysis

	Sampling of visibly oiled animals (derived from Ziccardi et al. 2015 (Ref.1), 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. 1), 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 will occur within 24 hours or frozen if longer (storage instructions should be confirmed with the laboratory).

	4. 
	Fill in chain of custody form 



[bookmark: _Ref507662771]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.

	2. 
	Conduct Job Safety Analysis

	Collection of skin samples for genetics

	1. 
	Persons wearing nitrile gloves should use a sterile scalpel blade to excise a small section of skin from the cadaver (5 mm2). The area of skin 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 of skin from the cadaver ( 1 to 2 cm2). 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: _Ref507664007]Table 7‑6: Standard Operating Procedure for Tissue Collection for Hydrocarbon Analysis
	No. 6
	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

	4. 
	Conduct Job Safety Analysis

	Tissue sampling (derived from Ziccardi et al 2015 (Ref. 1), 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; blubber/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 -80 °C.

	11. 
	Fill in chain of custody form 



[bookmark: _Toc514233732]

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: _Ref504910590][bookmark: _Ref507664117]Table 8‑1: Pinniped Survey Equipment List 
	Item
	Check

	Aerial survey for survey of haul out sites 

	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 
	

	Ground survey for survey of breeding colonies

	Binoculars
	

	Video and stills camera with date stamp and GPS capability
	

	Hand held GPS unit
	

	Haul nets
	

	Ropes for restraining pinnipeds
	

	Stretcher big enough to take an adult pinniped carcass
	

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

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

	Logbook/observation sheets 
	

	Vessel survey for survey of haul out sites 
	

	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 
	

	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 
	

	JSA forms 
	

	Field sheets 
	

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

	Handheld GPS (backup to vessel GPS)
	



[bookmark: _Toc514233733]

Personnel Requirements 
Table 9‑1 below lists the minimum personnel requirements to implement this SMP.  Personnel requirements may vary depending on the methods to be implemented and the finalised monitoring design, as determined by the Titleholder IMT/EMT in consultation with the Monitoring Provider. 
[Monitoring Provider is to finalise the personnel requirements and competencies. Table 9‑1 is provided as an example and must be revised to reflect Monitoring Provider’s requirements].
Table 9‑1: Pinniped Survey Personnel Requirements, Responsibility and Competencies
	Personnel 
	Responsibility
	Competencies  
	Check

	Pinniped Field Lead
	Undertake pup production counts
Undertake counts at haul-out sites
Input data into database each day
	Experience in aerial surveys (if this method is used) 
Experience in animal or biological 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.
[bookmark: _Toc514233734]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 Pinniped Field Team 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 pinniped surveys.
· All images will be checked to confirm that they are not blurry etc.
[bookmark: _Toc502661780][bookmark: _Toc502661797][bookmark: _Toc503354166][bookmark: _Toc514233735]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: _Toc514233736]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: _Toc514233737] Data Analysis 
[bookmark: _Toc514233738]11.2.1 Population abundance
[bookmark: _Toc514233739]11.2.1.1 Determining population abundance from direct count methods
Total pup production for each breeding colony is the maximum sum of live and dead pups counted. Total population size should be estimated by multiplying the total pup production by a factor of (Ref. 12):
Australian fur seal: 4.5
New Zealand fur seal: 4.23 to 4.9
Australian sea lion: 3.8 to 4.8
[bookmark: _Toc514233740]11.2.1.2 Determining population abundace from cumulative mark and count methods
For small colonies of Australian sea lion (< 40 pups), pup numbers should be estimated for each survey from the number of marked pups and accumulated dead pups plus the number of live unmarked pups. The maximum of the estimates from each survey should be taken as the pup production estimate for the season (Ref. 20). 
[bookmark: _Toc514233741]11.2.1.3 Determining population abundance from mark-recapture methods
Mark-recapture (Ref. 24)
Mark-recapture estimates of pup numbers (N) can be calculated using a variation of the Petersen method (attributed to D.G. Chapman by Seber 1982 Ref. 25) with the formula 

where M is the number of marked pups at risk of being sampled during recapture operations, n is the number of pups examined in the recapture sample, and m is the number of marked pups in the recapture sample. 
The variance of this estimate is calculated as: 

Where several mark-recapture are made (Nj) one from each recapture session, they are combined by taking the mean (N) using formulae from White and Garrott (1990, Ref. 26) (pp. 257 and 268): 

where q is the number of estimates for the colony (i.e., the number of recapture sessions). 
The variance of this estimate is calculated as: 

Following Kuno (1977, Ref. 27), the square root of Var(N) gives the standard error (SE) for the estimate, and the 95% confidence limits are calculated as: 

The Petersen estimate yields an accurate result as long as a number of conditions are met (Ref. 22). These include: the probability of capturing an individual is the same for all individuals in the population; no animal is born or immigrates into the study area between marking and recapturing; marked and un-marked individuals die or leave the area at the same rate; and no marks are lost. 
Cumulative pup production (Ref. 24)
The number of pup births between consecutive mark-recapture surveys (B1-2) can be estimated as:

where, N1 is the Petersen estimate of the number of live pups in the colony at Survey 1, and N2 is the Petersen estimate of the number of live pups at Survey 2. D1 is the cumulative number of dead pups recorded up to the end of Survey 1. 1-2, is the apparent survival of pups between Survey 1 and 2, and is estimated as the proportion of the marked pups known to be alive in session 1 (M1) that were known to be alive in Session 2 (M2/M1).
The variance of the estimated number of pup births between consecutive mark-recapture surveys can be calculated from a general formula in Kendall and Stuart (1977, Ref. 28): 

where

The 95% confidence limits are calculated as:

This approach may be repeated to estimate the number of births that occurred between surveys 2 and 3, and surveys 3 and 4 etc. 
Total cumulative pup production (Nc) is hence estimated as:

In the case of two consecutive estimates N1 and N2, the variance of the estimated total cumulative pup production Nc is: 

The 95% confidence limits of this estimate can be calculated from:

[bookmark: _Toc514233742]11.2.1.4 Determining population abundance from direct counts at haul out sites
Abundance is the total number of seals or sea lions counted at each location.
[bookmark: _Toc514233743]11.2.2 Pinniped exposure, health and mortality
Chemical analysis of pinniped 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: _Ref507664288]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: _Toc514233744]11.2.3 Assessing impact of hydrocarbon spill on pinnipeds
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 (review Section 5 for suggested statistical approaches). All data analysis should be clearly described in a method that accompanies any reporting. The method should be sufficiently detailed such that the analysis can be independently replicated and the same results obtained by a competent third party unfamiliar with the monitoring program.
[bookmark: _Toc514233745]

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.
[bookmark: _Toc514233746]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 pinnipeds 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. 
[bookmark: _Toc514233747]Deliverables 
A final report that includes:
· Quantification of the impacts of the hydrocarbon spill and response activities on pinnipeds, including abundance, mortality, sub-lethal effects, sickness and oiling of pinniped populations
· Quantification of the forecast or assumed recovery of impacted pinniped breeding colonies
· Recommendations for suitable and relevant remediation activities
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