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Swansea Bay has been the site of multiple proposed hydroelectric schemes over the past decade, owing to the 13m tidal range of the Severn Estuary providing the ideal location for marine energy generation (Department of Energy & Climate Change, 2013). The Swansea Bay Tidal Lagoon was cancelled late in development in 2018 after lack of support from the UK Government (Hansford, 2018), but the initial Environmental Impact Assessment Scoping Report in 2013 reported limited access to long-term monitoring data for cetaceans in the Bay (Oakley et al., 2016). Outdated and inadequate information is often used in the UK as a basis for decisions on major coastal developments (MEA, 2005). Given the known issues of conflict between marine mammals and marine renewable energy devices (Wilson et al., 2007), this is a vital knowledge gap in assessing the environmental impacts of such projects on these species.
Recently, a new project in Swansea Bay has been proposed: Dragon Energy Island, a combined tidal lagoon and solar farm (Youle, 2021). The proposals have reopened the need for this baseline data. In particular, there is a lack of knowledge about the harbour porpoise (Phocoena phocoena), a listed Priority Species under the UK Post-2010 Biodiversity Framework whose shy nature, small size and wide-ranging behaviour makes them difficult to spot and record (Oakley et al., 2016; The Wildlife Trusts, 2022). This lack of data is similarly reflected in the lack of protected areas for porpoise in the UK (Embling et al., 2010), and makes it difficult to ascertain its conservation status. 
The most recent studies show that there is a strong population of porpoise in Swansea Bay, and possibly the site is even important as a nursery or breeding/calving ground (Baines and Earl, 1999; Jenkins, Brown and Phillips, 2009; Oakley et al., 2016). In fact, Oakley et al. (2016) found that porpoise seem to be a higher relative density throughout the year in Swansea Bay than North Pembrokeshire and the Lleyn Peninsula, both areas considered for Marine Protected Zones. However, the paper’s findings concerning annual distribution were inconsistent with previous research (Jenkins, Brown and Phillips, 2009); similarly, these studies lack fine-scale long term data, with Oakley et al. (2016) comparing various studies of composite methodologies and thus unable to draw true scientific conclusions. This paper, therefore, sets out a protocol for a long-term monitoring study.

[bookmark: _Toc95742271]The Site
In accordance with the harbour porpoise’s preference for shallow bays, estuaries and narrow tidal channels (Baines and Earl, 1999; Pierpoint, 2008; Oakley et al., 2016), this study area will cover Swansea Bay and the South Gower coast, from Burry Holms in the west (OSGB 274500; 192500) to Port Talbot harbour in the east (OSGB 274500; 187200). The Severn Estuary’s tidal range is around 13m, the second highest globally after the Bay of Fundy in Canada (Binnie, 2016); at Swansea Bay it runs from a 4m neap tide to a 10m spring tide, leading to well-mixed waters with high sediment loading and organic content (Mackie et al., 2007). Salinity consistently levels at 32.5ppt (Cefas, 2013). 
Some coastal SSSIs are within the survey area that extend to the mean low water mark (e.g. Blackpill), but these should not affect the study. The western portion of the site, however, has some offshore protection in the form of the Carmarthen Bay and Estuaries Special Area of Conservation (see Figure 1-1), so care must be taken to ensure survey methodology is compliant with protected areas regulations.
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The aims of this research are to establish more concrete data on the abundance and distribution (both temporal and spatial) of harbour porpoise in Swansea Bay, and from there to create a baseline that will inform current and future planning decisions concerning renewable energy infrastructure in the region. The study will produce a long-term dataset, something currently lacking in the research, to provide scientifically comparable data and knowledge.

[bookmark: _Toc95742274]Research Questions
The research poses the following questions:
· What is the current mean population size of the harbour porpoise in Swansea Bay?
· What are the spatial distribution patterns of the porpoise, and do these change throughout the year?
· In longer term, how do the abundance and distribution of the porpoise change from this baseline?

[bookmark: _Toc95742275]Justification
The data available on porpoise distribution and abundance in Swansea Bay is currently inconsistent, meaning there is a limited idea of their habitat use in the site. Using both vessel- and land-based surveys, Jenkins et al. (2009) found that August and September saw the highest concentrations of sightings, and November and December had the lowest. This directly contradicts Oakley et al. (2016), though, who found that November and December had the highest percentage of sightings, with a second spike in February to April. Both studies, however, agree on one fundamental assertion – there is a porpoise presence all year round. The reasons for their changed distribution nonetheless remain a mystery. 
Similarly, strandings data analysed by Oakley et al. (2016) found that calves were only recorded in the eastern part of the study area, from Mumbles to Port Talbot harbour; neonates, on the other hand, were only found in the western section, and during June and July (likely born May-June). Porpoise calves are notoriously hard to survey, and often get under-reported. These findings, though, imply some significant use of the area during calving season; possibly, evidence of parents bringing young calves to shallow waters to learn to forage (Evans and Prior, 2012). However, without more consistent data, these hypotheses are currently untested.
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The protocol will use a series of combined visual and acoustic surveys across Swansea Bay, carried out from a vessel such as the R.V. Song of the Whale (Marine Conservation Research, 2022) travelling at 5.8 knots. Where possible (i.e. barring safety/navigational constraints; these may occur, for example, around the Carmarthen Bay sandbar shown in Figure 1-1) acoustic sampling will be achieved using a towed hydrophone containing two broadband elements (2 to 200 kHz bandwidth), towed 20-100m behind the vessel; where not possible, a hydrophone of the same specifications will be mounted ahead of the keel on the ship itself, 1m below the waterline, as trialled in the Thames (Cucknell et al., 2020). Acoustic sampling will be gathered continuously and then assessed for the target frequencies associated with porpoise (115-160kHz) using PAMGuard (Sea Mammal Research Unit, 2022). 
Visual data will be gathered during the same trips. When the sea state is three or below on the Beaufort Scale, during daylight, two researchers at a time will record marine mammal sightings from a 2m raised platform on deck, for a total eye height of around 5.5m above sea level. In rougher sea states, the observers will be on deck for safety reasons. Group size and behaviour will be logged, along with an estimate of distance and relative angle (an angle board will be used for this). Environmental data and GPS locations will be recorded via data logger.
The surveys will use transects, according to Buckland (2001)’s distance sampling survey methodology. These will be plotted using Distance 7.3 (Thomas et al., 2010), in order to achieve equal coverage probability. 
Surveying the whole area is predicted to take between 1-2 weeks. For the first year, to establish a baseline, the process will be repeated every two months. Over the following five years, surveyors will return once a season (every three months) to repeat the surveys, to monitor changes.
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Typically a long-term monitoring project would use mark-recapture or tag and track methodology, to better track individuals of a population; however, marine mammals, especially cetaceans, are difficult to safely capture, and marking techniques are not highly successful (Boyd, Bowen and Iverson, 2010). This becomes particularly true of harbour porpoise, whose shy nature makes capture difficult in the first instance. Most tagging studies on porpoise are carried out on animals that have been accidentally caught in gillnets or pound nets as bycatch, and thus need to be handled for release anyway (Eskesen et al., 2009; Boyd et al., 2010); none of which are particularly in use in Swansea Bay. Additionally, studies into stress responses of various porpoise species to tagging show high levels of individuality between animals, making generalised methodology to prioritise welfare difficult (Hanson & Baird, 1998; Eskesen et al., 2009). Indeed, Hanson & Baird (1998) used a non-invasive method of pole-deploying suction cup tags onto bow-riding Dall’s porpoises (Phocoenoides dalli), and still found this variability in individual response (along with a very short lifespan of the tags; the longest lasted just 41 minutes.) On top of this, there is high risk associated with capturing wild cetaceans that would necessitate extensive trained veterinary experience to guard against fatalities (Wells, 2005; Boyd, Bowen and Iverson, 2010). As such, the risk to the animals’ welfare cannot be justified where other less invasive methods are available.
Towed hydrophones are a tried-and-tested method for harbour porpoise surveys (Gillespie and Chappell, 2002; Gillespie et al., 2005; Cucknell et al., 2016; 2020), and the number of individuals detected by them may be up to ten times more than by visual surveys alone (Cucknell et al., 2017).

[bookmark: _Toc95742279]Existing Protocols
While towed hydrophones may be common, the fixed hydrophone array on the vessel suggested in areas with safety/navigational constraints is more unusual. It has been trialled recently, however, in the Thames (Cucknell et al., 2020); while it did report a lower encounter rate than the towed array (4.2 vs 6.7/100km, likely owing to the reduced range of <250m compared with the towed array’s <400m), this nonetheless did provide data in areas that otherwise would have been excluded entirely from the results. For the most part, however, Swansea Bay is considerably less constrained than the Thames River, so it’s likely the towed array will be usable over the vast majority of the area.
Land-based visual surveys are an option, but their fixed vantage point make them less reliable than vessel-based counterparts (Oakley et al., 2016). Aerial surveys are sometimes used on cetaceans, to great effect (Boyd, Bowen and Iverson, 2010; Lauriano et al., 2014; Oakley et al., 2016). These, however, would be more expensive to repeatedly conduct, given the long-term nature of this study.
Strandings data can be very effectively used to assess numerous aspects of cetacean ecology, but their ad hoc nature makes them at best opportunistically observational data, and not suitable for detailed abundance/distribution studies (Jenkins, Brown and Phillips, 2009; Oakley et al., 2016).
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Visual data will be recorded via recording sheet (see Appendix A), and on the Mergin app (assuming a signal is possible!) Acoustic data will be logged on the data loggers. On returning to land, all will be immediately transferred to a backed-up master copy, and checked by a second researcher for entry errors. Mergin data will be transferred to computer for use in a GIS programme such as QGIS, for detailed maps to be made of porpoise distribution.
All data will be shared with local universities and research institutions, and with Natural Resources Wales.
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The data will be assessed to for porpoise click trains (four or more clicks) and those identified as ‘certain’ by two independent analysts will be included for analysis. In order to determine if a click train is ‘distinct’ (i.e. not an animal already detected), a time threshold will be applied of six minutes and twenty five seconds, estimated using the speed of the survey vessel (5.8 knots) relative to the 0.9 m sec-1 average swimming speed of a harbour porpoise (Otani et al., 2000). This will be corrected for the maximum acoustic detection difference of 400m (Villadsgaard, Wahlberg and Tougaard, 2007). Therefore, if there is no corresponding click train or sighting within six minutes and twenty five seconds of one being detected, it will be considered distinct. PAMGuard can use target motion analysis to estimate slant distances in vocalising animals, so this will be used where possible. 
If the towed hydrophone array needs to be altered in length to help with navigational constraints then this data can only be used to determine presence/absence, as it will not be directly comparable. The hull-mounted array, however, can also estimate a relative encounter rate throughout. If the tow line does not need altering, then the towed array can also provide this function. To reduce the risk of duplicated readings between the arrays, a detection on the towed array occurring within six minutes and twenty five seconds of the hull array will again be removed from the dataset.
According to Buckland et al. (2001, pp78-80), variance will be calculated, using days as the sampling units, according to the following equation:
[bookmark: _Toc95742290]Equation 4‑1. Calculating variance

Where:
i = transect number 1-k,
li = length of transect i
L = sum of all transect lengths
Then, vâr(n) is divided by L2 and multiplied by 100 to get the variance of the detection rate per 100km2.
A 0.05 degree grid, using the WGS84 coordinate system, will be used to map the data across the survey area.
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Swansea Bay Porpoise Survey Data Sheet
	Observer
	
	Wind Direction
	

	Transect Number
	
	Wind Speed
	

	Date
	
	Start Time
	

	Sea State
	
	End Time
	



	Time Spotted
	Group Size (No. of calves)
	Left/Right of Trackline
	Distance (GPS)
	Angle Board
	Behaviour (see index)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Additional Notes:



	Behavioural Index Key

	Surfacing
Slow Swimming
Medium Swimming
Fast Swimming
Blowing
Feeding/Foraging
Suspected Feeding
Breach or Leap (Full/Partial)
	1
2
3
4
5
6
7
8
	Tail Slap
Sky Hop
Bow Riding
Resting/Logging
Milling
Sexual Behaviour
Aggression
Socialising
	9
10
11
12
13
14
15
16
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