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Abstract
The area of Irish Sea between Fishguard Harbour and Rosslare Harbour includes
Strumble Head. This is recognised as a harbour porpoise, Phocoena phocoena (Linnaeus,
1758), hotspot and features strong tidal influence and varying bathymetric features. These
factors influence porpoise distribution and abundance, through hydrodynamic conditions
and depth effecting foraging success. To investigate how the distribution of harbour
porpoise varies both spatially and temporally along the fixed line transect taken by the
Stena Line Ferry (between Fishguard and Rosslare Harbour), secondary data collected by
ferry – based observation surveys from 2004 – 2017 was used. Fine – scale spatial
investigation involved focusing upon data from Strumble Head, where the relevance of
tidal features was considered. Across the whole of the transect, the temporal factors of
month of the year and sea state were investigated. Heat maps, produced by the program
Arc Geographical Information System (ArcGIS) showed an uneven distribution of
harbour porpoise sightings, with 27.5 % recorded at Strumble Head. Effort caused the
total observed sightings to vary from the expected for sea state and month of the year in
both datasets. Effort did not have a major effect on the outcome of Chi – Squared Tests
of Independence; further investigation showed the highest recorded sightings at high tide
and spring tide. Anova Two – Factor Without Replication tests found species type to be
the influencing factor upon the number of sightings. As hypothesised, harbour porpoise
distribution varied both spatially and temporally, with an uneven distribution across the
transect. As expected, tidal factors influenced sighting number at Strumble Head. Results
from this investigation will better inform the establishment of Special Areas of
Conservation (SAC’s) for the species based upon preferred spatial and temporal
environmental factors. This will help infer the relative impacts that anthropogenic
developments, namely marine renewable tidal energy, can impose.

1.0 Introduction

Figure 2: The distribution of harbour porpoise (Phocoena phocoena) along
Northern Hemisphere coastlines, indicated by areas of dark blue (Source:
American Cetacean Society, www.acsonline.org. Accessed: 03/09/2017).

1.1 Porpoise Biology and Geographic Distribution
The harbour porpoise is an odontocete cetacean of the family Phocoenidae (Booth et al.,
2013). They are rotund in shape with a small, triangular dorsal fin (see Figure 1). They
feed predominantly on small pelagic and demersal shoaling fish such as sand eels
(Ammodytidae spp.), whiting (Merlangius merlangus), cod (Gadus morhua), sprat
(Sprattus sprattus), Atlantic herring, mackerel and a variety of flatfish (Santos & Pierce,
2003; Nuuttila et al., 2017). Adult individuals must consume 3.5% of their body weight
daily, which increases by 80% in lactating females. Due to their high-energy demand yet
small capacity to store energy, they are required to spend a large amount of time foraging
(Yasui & Gaskin, 1986; Brodie, 1995; Williams et al., 2001; Lockyer et al., 2003; Clark,
2005). Foraging occurs often in energy – rich areas (Williams et al., 2001; Lockyer et al.,
2003) of reliable prey sources (Brodie, 1995; Koopman, 1998; Santos et al., 2004;
Lockyer, 2007; Jones et al., 2014).
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Harbour porpoises are the most frequently sighted cetacean in UK waters (Evans, 1992;
CCW, 1997; IFAW, 2001; Sea Watch Foundation, 2003). They are widespread across the
northern hemisphere (Figure 2); found in the North Atlantic, North Pacific and Black Sea
coastal waters (Read, 1999). The species is typically found at a depth of < 200 m in the
cold temperate to sub- polar waters of continental shelves (Read, 1999). The preferred
habitat are shallow waters in coastal zones, which due to high human activity in this
region, makes it a threatened cetacean of European waters (Gaskin, 1992; Read, 1999;
Hammond, 2006; Fallis, 2013). Coastal zones are the typical ‘hotspot’ of these cetaceans;
a hotspot is an area characterised by an abundance of porpoise individuals (Myers, 1990;
Jones et al., 2014).

1.2 Threats and Conservation Status
The coastal zone inhabited by harbour porpoise is overpowered by chemical and noise
pollution, and affected by depletion in prey numbers as well as incidental catches (Fallis,
2013). Every year, approximately 1,500 harbour porpoise individuals are caught on the
Celtic shelf of the Celtic Sea, which borders the Irish Sea (Sea Watch Foundation, 2016).
Yet, they are classified as ‘least concern’ by the IUCN despite populations declining
regionally (IUCN, 2008; Fallis, 2013). Marine renewable tidal energy developments may
produce unforeseen impacts upon porpoise populations. Results that suggest sightings are
correlated with areas of high water velocity, where installation of tidal developments
occur, may promote the need for monitoring the impacts and potential disturbance of this
technology (SECAMS, 2015). Negative impacts may include porpoise exclusion from
key sites of breeding or foraging (Dolman & Simmonds, 2010; Simmonds & Brown,
2010; Shields et al., 2011).
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There is a lack of proposed special areas of conservation (SACs) for porpoises in the UK
yet three have been designated for the bottlenose dolphin, Tursiops truncatus, which has
two large resident populations in Cardigan Bay, Wales and Moray Firth, north – east
Scotland (Wilson et al., 2004; Booth et al., 2013). According to the EU Habitats Directive
92/43/EEC 1992, of the two SACs established for bottlenose dolphins (Cardigan Bay,
Wales), harbour porpoise are listed with a grade D species presence status as they are not
considered to be significantly present enough to be a qualifying feature (JNCC, 2010;
Nuuttila et al., 2017). Current literature demonstrates the importance of developing
species – specific protection (Nuuttila et al., 2017) for harbour porpoise through
identifying key features of an area that explains frequent inhabitancy. It is not practical to
protect an entire area roamed by a marine mammal that is mobile, it is however more
viable to select areas for conservation and protection that are considered crucial habitats
for porpoises, ‘essential to their life and reproduction,’ as stated under the EU Habitats
Directive Article 4 (Hoyt, 2004; Embling et al., 2010; Nuuttila et al., 2017).

1.3 Factors affecting Distribution and Abundance
Investigating spatio – temporal distribution will allow for a greater understanding of how
harbour porpoise interact with the environment, and how certain environmental cues
create hotspots characterised by an abundance in harbour porpoise (Jones et al., 2014).
Jones et al. (2014) state that broad – scale studies have indicated the distribution of prey
to be a direct factor influencing the distribution of porpoises (Read & Westgate, 1997;
Herr et al., 2009; Sveegaard, 2011; Sveegaard et al., 2012). Environmental factors such
as tidal influence and depth are said to have an indirect effect, yet do influence the
distribution of their prey as well as foraging success (shown by Watts & Gaskin, 1985;
Johnston et al., 2005; Embling et al., 2010; Scott et al., 2010; Mikkelsen et al., 2013).
Available literature has recognised high slope (Pierpoint, 2008; Booth et al., 2013),
moderate depth (Northridge et al., 1995; Goodwin & Speedie, 2008; Marubini et al.,
2009), and tidal factors such as tide state (ebb/ flood) and type (spring/neap) (Johnston et
al., 2005; Pierpoint, 2008; Embling et al., 2010; Isojunno et al., 2012) to be factors
affecting the number of sightings (Jones et al., 2014). These links between sightings and
environmental variables can be explained by underlying drivers of prey availability and
seasonality (e.g. Isojunno et al., 2012; Booth et al., 2013), which is a topic largely under–
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represented by available literature (De Boer et al., 2014; Jones et al., 2014). Many studies
investigating porpoise distribution over a large – scale fixed transect do not focus on fine
– scale distribution and the effect of fine – scale dynamic cyclic variables such as tidal
cycles, due to the geographical range of their study (De Boer et al., 2014). Therefore,
creating a study that takes into consideration factors affecting distribution on a large
geographical as well as fine – scale, creates results with a breadth and resolution that is
beyond most studies. The importance of investigating at the appropriate geographical
scale, which is larger than the species’ range, was noted by Marubini et al. (2009) to
successfully assess the species’ conservation status. Relatively few studies based in the
UK have investigated harbour porpoise distribution with a large timescale and fixed
transect in the Irish Sea, whilst also focusing on fine – scale factors present at a localised
site (Pierpoint, 2008).

1.3.1 Seasonality and Prey Availability
It has been indicated by numerous studies that within cetacean distribution, individuals
concentrate in specific foraging areas (Cox et al., 2001, Hastie et al., 2004; Sydeman et
al., 2006; Weimerskirch, 2007), in which their preferred depth is related to the foraging
pattern of their prey (Hui, 1979; Moore et al., 2000; Clark, 2005), thus diurnal movements
result from these vertical prey movements (Stevick et al., 2002). This is controlled by
oceanographic processes which influence prey abundance and availability (Russel et al.,
1999; Cox et al., 2001; Vliestra et al., 2005; Stevick et al., 2008; Embling et al., 2012).
Different studies have reported different preferred depths, which is largely determined by
the region of study; encounter rates were shown to be highest between a depth of 50 and
150 m in Booth et al. (2013), with different studies in the same region also showing a
depth preference of over 50 m. This similarity in depth may be a result of a major prey
species which are available in the same area. As well as depth, the area that they frequent
may be related to prey aggregations of a seasonal or daily occurrence, as noted by
Stephenson et al. (1993), who stated that the area frequented in their study by harbour
porpoise has a seasonal occurrence of Atlantic herring (Clupea harengus) (Read &
Westgate). Literature has demonstrated area usage by harbour porpoise to vary on an inter
– annual basis (Read & Westgate, 1997), with distribution and abundance that varies
seasonally and correlates with the distribution of their prey (Evans, 1990). Many studies
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state sighting frequency to be highest in the summer months, with a peak at the height of
summer in the either June or July (Gaskin & Watson, 1985; Caretta et al., 2001).
Calderan (2003) similarly reported large porpoise aggregations from July and attributed
this to mating and breeding success in large numbers. This formed the basis for
Hypothesis 2.

1.3.2 Tidal Factors
Oceanographic processes such as tidal state and type may affect porpoise distribution,
similarly prey abundance and availability (Russel et al., 1999; Cox et al., 2001; Vliestra
et al., 2005; Stevick et al., 2008; Embling et al., 2012). Jones et al. (2014) links the tidal
features and associated processes present at the study site to an increased foraging success
for both prey species and harbour porpoise. Other literature has demonstrated the
relevance of tidal features in affecting porpoise distribution and abundance.
Investigating variations in distribution affected by the spring – neap cycle is a relationship
unexplored by much of the literature (e.g. Jones et al., 2014). In addition, large – scale
studies are less likely to focus upon the fine – scale temporal factors such as tidal
influence. Literature has shown contrasting results for observed porpoise densities across
the spring/ neap cycle, as well as porpoise presence at different tidal states. Sea Watch
Foundation (1997) reported sightings at all states of the tide. Stevick et al. (2002)
confirmed a weak association between distribution patterns linked to tidal cycles in
cetacean species. However, much of the literature observed a high density of sightings at
spring (Embling et al., 2010; Hall, 2011; Booth et al., 2013) and high tide (Ijsseldijk et
al., 2013), thus forming the basis for Hypothesis 2 of this investigation.
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1.3.3 Water Velocity
Higher water speeds may influence porpoise sighting abundance, with many studies based
in hotspot areas relating high porpoise density to maximum tidal speeds (Calderan, 2003;
Johnston et al., 2005; Pierpoint, 2008). Ijsseldijk et al. (2013) similarly confirmed that
harbour porpoises prefer places of high water velocity and strong tidal currents as well as
warmer water. These are characteristic features of coastal headlands and could likely be
the case for the site Strumble Head in this study (Pierpoint, 2008). Pierpoint (1993) and
Pierpoint et al. (1994) justify the habitual presence of porpoises in tidal races as well as
upwellings to be most likely a consequence of foraging activity. Pierpoint (2008) further
claims the time at which foraging at high energy sites occurs to be regular and predictable,
mostly within the entire duration of the ebb tidal phase. Available literature defines tidal
features to be factors influencing foraging due to the attraction of prey species; small –
scale eddies and fronts may concentrate prey leading to aggregations (De Boer et al.,
2014).
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1.4 Distribution and Abundance in the Irish Sea
Few studies exist that investigate the factors influencing distribution and abundance of
harbour porpoise in the Irish Sea, yet the species is considered the most abundant cetacean
of these waters (Evans, 1980; Rogan & Berrow, 1996). Some studies claim abundance to
be concentrated in coastal waters (Evans, 1980), whereas others contradict this with
sightings observed offshore on the continental shelf 220 km from the coast, according to
bycatch data (Rogan & Berrow, 1996). Where hotspot regions exist, distribution is
concentrated here due to favourable features such as prey security. Abundance may be
seasonally related or consistent throughout the year with resident groups (Rogan &
Berrow, 1996). The distribution of harbour porpoise is compared against that bottlenose
and common dolphins, which are highly migratory and have a distributed existence across
the open and coastal sea. Threats upon harbour porpoise populations include the use of
bottom – set gillnet fisheries (Berrow & Rogan, 1998), as well as elevated levels of
radionuclides (Cs – 137) (Berrow et al., 1998). The abundance of target prey populations
since the late 19th century have reduced in abundance, and a transition to an abundance in
smaller fish has been observed within the Irish Sea (Rogers & Ellis, 2000). Upcoming
marine renewable installations pose a possible threat upon populations of harbour
porpoise, specifically collisions as well as an impact upon prey species and their
migration.
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1.5 Hypothesis, Aims & Objectives
This report aims to address the issue surrounding appropriate protection for harbour
porpoise through investigating factors that influence distribution and abundance, in both
the coastal and open water of the Irish Sea region between Fishguard and Rosslare.
Specific reference and study are made to the temporal factors present in the area around
Strumble Head.

Hypothesis
1: Harbour porpoise sightings across the ferry transect will be unevenly distributed;
sightings will be more concentrated at coastal locations where there is a greater prey
influence, as opposed to open water.
2: Spatial and temporal environmental factors influence the abundance of sightings; more
sightings are observed at a lower sea state due to greater visibility and in specific months
of the year.
3: The tidal influences of tidal state and type at Strumble Head influence the number of
sightings; more sightings are observed at high tide as opposed to low tide and the tidal
type of spring as opposed to neap.
Aim
To investigate spatial and temporal variations in the distribution of harbour porpoise
along the Stena Line fixed transect, between Fishguard Harbour and Rosslare Harbour.
Objectives
To achieve the aim of this study, the following objectives were made:
-

To visually represent the abundance and distribution of harbour porpoise sightings
along the ferry transect

-

To determine to what extent enclosed, coastal areas are preferred by harbour
porpoise as opposed to open water.

-

To determine which spatio - temporal factors (location, month of the year, sea
state, tidal state type), if any, influence the distribution of harbour porpoise along
the ferry transect.
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2.0 Materials and Methods
2.1 Survey Area
N

0 km

0.34725 km

Figure 3: Location of Stena Line ferry transect between Fishguard Harbour and Rosslare
Harbour, across the Irish Sea (Fishguard tidal power feasibility study, 2011; Fishguard –
Rosslare Passage Plan, Stena Line Europe; Google Maps).
The study area was the fixed transect across the Irish Sea, taken by the Stena – Line ferry
from Fishguard Harbour (52.0116° N, 4.9857° W), North Pembrokeshire to Rosslare
Harbour (52.2513° N, 6.3415° W), Ireland (Figure 3). West of Fishguard, the site of
Strumble Head (52.0167° N, 5.0667° W) was made a focus point of this investigation.
Strumble Head is a headland situated in the community of Pencaer, within the
Pembrokeshire Coast National Park, North Pembrokeshire. Analysis of data from this
localised area was compared against data collected over the whole of the transect, thus
allowing for comparison between data collected on a fine scale and a large scale.
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2.2 Design of Surveillance

Figure 4: Design of survey recording sheet, used by Sea Trust volunteers.

Boat- based surveillance aboard the Stena Line Ferry occurred in both directions across
the transect. Cetacean data was collected over a 13 period (2004 to 2017), the average
duration of each survey lasting 2.97 hr (ferry crossing time of 3 hours 15 minutes), over
57.8 NM (~ 107 km). Surveys were conducted monthly (multiple times per calendar
month providing adequate weather conditions prevailed), by a group of volunteers led by
an experienced observer. Volunteers observed from either the port or starboard deck-side
of the bridge. Observing location was rotated to avoid observer exhaustion and
compromising sighting ability in the incidence of strong winds and/or high light intensity
(Ijsseldijk et al., 2013). Surveying was by a standardised method consisting of continuous
scanning (Mann, 1999) over an area of 180 ° with both the naked eye and 7 x 50
binoculars (Opticron MARINE 2; Weir et al., 2007). Observation height was 21 m
(depending on sea state and ferry load) and the ferry averaged a speed of 17.5 kt. A
sighting was recorded when one or more porpoises were observed. To avoid double
counting the individual observers would focus their observation in different compass
directions when looking out to sea, as well as communicate with each other to make sure
each sighting was recorded once. With each sighting the following was recorded into a
standardized survey sheet (Figure 4); coordinates of latitude and longitude generated by
a handheld GARMIN 72H GPS, time (local and GMT), distance and angle from vessel,
group size as well as on/ off effort for the duration of the survey. Survey sheet data was
transferred into an excel workbook.
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2.3 Collection of Environmental data
With each sighting a sea state score (0 – 9) was allocated according to Beaufort Sea State
Code. This provided a standardized description of the sea conditions at the time of the
sighting. A visibility score of 1 (Bad, sighting distance of < 1 km) – 6 (Excellent, sighting
distance of > 20 km), pre-determined by the Sea Trust, was allocated to describe the
visible conditions at the time of the sighting. Calculating environmental variables of tidal
state (ebb/flood) and tidal type (spring/neap) for each sighting was based upon tide times
and heights specific to the time of each sighting, obtained from online tide tables
(Appendix 1). The following calculations were made:
Tidal Range: High tide height (m) – low tide height (m).
Tidal State: Time difference between sighting time and (low) high tide (hours) / time
difference between (high) high tide and (low) high tide (see Appendix 2 for classification
of tidal state).
Tidal Type: (Tidal range of the sighting – smallest tidal range in dataset) / range of tidal
ranges (see Appendix 2 for classification of tidal type).
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2.4 Data quality assurance & processing
Table 1: Number of harbour porpoise (Phocoena phocoena) sightings and individuals
before and after data cleansing.
Before

After

No. Sightings

2566

1949

No. Individuals

5374

3962

The entire duration of the study yielded 515 cetacean surveys. From the cetacean
sightings, the porpoise data was used primarily, with bottlenose (T. truncatus) and
common (D. delphis) dolphin data for comparison. The cetacean data used was altered so
that sightings made at a sea state other than 0 - 3 and at a visibility other than 1 – 3, as
well as those that contained missing data for environmental variables were extracted.
Literature has shown sightings to commonly decrease with an increase in Beaufort sea
state > 1 (Palka, 1996; Teilmann, 2003); this is supported in the original database which
showed a 99.5% overall decrease in the number of sightings and individuals between sea
state 0 – 7. The only visibilities recorded in the dataset were 1, 2, 3 and 6. A 99.1%
increase in the number of sightings and individuals was shown between 1 – 3 visibility.
From 3 to 6, there was a dramatic 99.8% decrease in sightings (3209 to 8) and a 99.9%
decrease in individuals (14120 to 17). The survey effort database consisted of start/end
time, coordinates and on/ off effort for each survey. Sightings with incomplete effort data
were removed to negate its questionable legitimacy, which significantly reduced the
number of porpoise individuals and sightings (Table 1). When processing data for ArcGIS
mapping, some coordinates were located out of geographical range (coordinates located
outside of a fathomable visible range). Coordinates that could be corrected were altered
using the original survey sheets and used in analysis, otherwise they were removed to
avoid obscurities in the dataset. The area of Strumble Head was defined by a set of
coordinates provided by Marco Piano (51.96177°, 4.94011° - 52.11705°, 5.13928°),
sightings data from this area was extracted from the transect data for ArcGIS mapping
and analysis.
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2.5 Data Analysis
2.5.1 Distribution and Abundance of Sightings
Geographical Information System, ArcGIS, was used to create heat maps displaying the
distribution of harbour porpoise sightings and density in relation to distance (km), for the
ferry transect and Strumble Head. A base map was made onto which porpoise sightings
were overlaid, for Figure 7 this was done within a shapefile (corresponding to the
Strumble Head coordinates provided by Marco Piano). Each map was made with a
different resolution, with the legends being an expression of the density of sightings per
grid cell; the colour symbols separate the highest from the lowest values along a stretched
spectrum. Each grid cell is 3.21520000696182E-03 m and 3.52983929040875E-04 m for
Figure 5 and 7, respectively. This analysis was conducted solely by Rob Davis, a
specialist in GIS data analysis. Scatter graphs showing the same data represent the density
of sightings in each longitudinal gridline area. A line graph displaying the abundance of
dolphins (bottlenose and common) and harbour porpoise per longitudinal gridline area
represents how sighting number varies between cetacean type across the ferry transect.

2.5.2 Expected vs Observed Number of Individuals and Sightings
Heat tables (one for the ferry transect and one for Strumble Head) were constructed to
display the observed and expected number of harbour porpoise and bottlenose dolphin
individuals and sightings, when considering effort sampling time (see Appendix 3 and 4).
From these tables, bar graphs were made to illustrate how the number of observed and
expected harbour porpoise sightings varied by sea state and month of the year for both
Strumble Head and the ferry transect. As well as tidal state (ebb/flood) and type
(spring/neap) for Strumble Head only.
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2.5.3 Statistical Analysis
Chi – Squared Tests of Independence (see equation below) were conducted to test if the
number of individuals and sightings are evenly distributed between the tidal states of ebb
and flood and the tidal types of spring and neap. These were re – conducted to consider
the effect of sampling time (number of days spent surveying). An analysis of variance
(Anova) that allowed for factors without replication investigated the influence of cetacean
type and month of the year upon the number of sightings.

𝑥2 = ∑

(0−ⅇ)2
ⅇ

𝑥 2 = chi squared value
𝛴 = the sum of
O = observed frequency
E = expected frequency
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3.0 Results
3.1 Environmental Variables
Survey Effort
Table 2: Percentage of harbour porpoise (Phocoena phocoena) sightings recorded at sea
states 0 – 3 and visibilities 1 – 3.
Sea

Percentage of total sightings

Visibilty

Percentage of total sightings

State

(%)

0

20.99

1

0.41

1

43.66

2

9.65

2

26.01

3

89.94

3

9.34

(%)

The dataset consisted of 106 surveys which equated to a total survey effort (hours of
volunteer observation) of 1266.75 hr. A total of 3730 cetacean sightings and 16002
cetacean individuals were recorded, on average 2.03 individuals per sighting. Sea state 1
had the highest percentage of sightings (Table 2). The overall trend was a decrease in the
percentage of sightings with an increase in sea state. The number of sightings and
individuals increased dramatically from visibility 1 – 3, with the highest percentage of
sightings and individuals recorded at visibility 3. Visibility 3 was the best visibility for
recording sightings.
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3.2 Distribution and Density of Porpoise Sightings across Ferry
Transect

Figure 5: Distribution and density of harbour porpoise (Phocoena phocoena) sightings
across the fixed ferry transect between Fishguard Harbour (52.0116° N, 4.9857° W) and
Rosslare Harbour (52.2513° N, 6.3415° W), from 2004 – 2017. Colour shown in legend
refers to density.
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Figure 6: Harbour porpoise (Phocoena phocoena) sighting coordinates of Longitude (°)
against Latitude (°) recorded along the ferry transect between Fishguard Harbour
(52.0116° N, 4.9857° W) and Rosslare Harbour (52.2513° N, 6.3415° W), from 2004 –
2017. Number of sightings in each longitudinal gridline area displayed.

In Figure 5, the distribution of sightings appears uneven across the length of the transect;
a high density of porpoise sightings can be seen in the two harbour locations of Fishguard
(right) and Rosslare (left). A significant proportion of the sightings are in the Fishguard
Harbour area, which has a dense number of sightings as indicated by the deep red
colouration. In the open Irish Sea between the two harbours, the sightings are less dense.
The location of sightings largely follows the route of the ferry transect, with a small
number that deviate, as demonstrated by the linear distribution in Figure 5. Detail on how
the density numerically varies over this distance is not apparent in Figure 5, thus the
transect area is split into five longitudinal gridline areas in Figure 6. Figure 6 shows a
large number of sightings between the longitudes of -5 to -5.5 and -6 to -6.5. The
longitudinal section of -5 to -5.5 is the most abundant with 989 sightings. Many sightings
are arguably located at an unreliable distance away from the transect, the three sightings
located in the longitudinal section of -4 to -4.5 strengthen this point; these are out of
sighting range.
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3.3 Distribution and Density of Porpoise Sightings at Strumble Head

Figure 7: Distribution and density of harbour porpoise (Phocoena phocoena) sightings
at Strumble Head (51.96177 ° N, 4.94011° W - 52.11705 ° N, 5.13928 ° W) from 2004 –
2017. Colour shown in legend refers to density.
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Figure 8: Sightings coordinates of Longitude against Latitude recorded in the Strumble
Head area (51.96177 ° N, 4.94011° W - 52.11705 ° N, 5.13928 ° W) from 2004 - 2017.
Number of sightings found in each longitudinal gridline area displayed.
In Figure 7, dense areas of porpoise sightings are signified by a deep red colouration as
opposed to the low-density areas of light blue. The high- density area located directly
north of Strumble Head occurs beyond 2000 kilometres (km) from the headland point.
This cluster of sightings becomes less dense progressing in an east and westerly direction
from the centre point (see star on headland). Few sightings were located within proximity
to the headland; only one sighting was located < 250 km, and nine < 1500 km. The
location of sightings again follows the route of the ferry transect, with a less obvious ‘line’
of sightings in comparison to Figure 5. The distribution of sightings in Figure 8 is more
even than in Figure 6, with less of an obvious concentration in certain areas, although a
slightly higher number can be seen in the left centre longitudinal region (- 5 to -5.1). Four
sightings appear out of visual range, just above and below the latitude of 52. 1 ° N.
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3.4 Environmental Drivers
Ferry Transect
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Figure 9: Total observed and expected (considering sampling effort in days) number
of porpoise sightings against sea state (0-3) recorded along the ferry transect between

Fishguard Harbour (52.0116° N, 4.9857° W) and Rosslare Harbour (52.2513° N,
6.3415° W), from 2004 – 2017.
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Figure 10: Total observed and expected (considering sampling effort in days) number of
harbour porpoise (Phocoena phocoena) sightings against month of the year recorded
between Fishguard Harbour (52.0116° N, 4.9857° W) and Rosslare Harbour (52.2513°
N, 6.3415° W), from 2004 – 2017.

along the ferry transect (51.9939, 4.9760 - 52.2513, 6.3415) from 2004 – 2017.
The number of sightings varied between the observed and expected for the sea states
(Figure 9), thus showing effort to have an effect. The observed sightings were much
higher at sea state 1 than 2, yet the expected number was the same. In Figure 10, the
months of the year that show a large difference between the observed and expected
number of sightings were January, April, June and September. In the month of June, the
number of observed porpoise sightings well exceeded that of the expected when
considering effort, thus displaying an even larger difference.
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Figure 11: Total observed number of harbour porpoise (Phocoena phocoena) sightings and
expected (considering sampling effort in days), against sea state (0 – 3) for the area of
Strumble Head (51.96177 ° N, 4.94011° W - 52.11705 ° N, 5.13928 ° W) from 2004 – 2017.
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Figure 12: Total observed number of harbour porpoise (Phocoena phocoena) sightings and
expected (considering sampling effort in days) against month of the year for the area of
Strumble Head (51.96177 ° N, 4.94011° W - 52.11705 ° N, 5.13928 ° W) from 2004 –
2017.
Figure 11 and 12 show a variation between the observed and expected total number of
sightings for all sea states and months. Figure 12 shows similar results to Figure 10 in
that there is a large difference between the observed and expected number of sightings
for January, April, June and September. In Figure 11, the observed and expected number
of sightings vary in the same way that they do in Figure 9.
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3.5 Tidal Influences
Table 3: Results from Chi - Squared Tests of Independence, displaying whether the null
hypotheses for the frequency of individuals and sightings can be rejected normally and
with respect to effort sampling time (in days) for tidal state (ebb/ flood) and tidal type
(spring/neap).

Tidal Factor

Null Hypothesis

Reject?

Reject
(considering
effort)?

Ebb/ Flood

There is no difference between the

YES

YES

YES

YES

YES

YES

NO

YES

observed and expected frequency of
individuals
There is no difference between the
observed and expected frequency of
sightings
Spring/Neap

There is no difference between the
observed and expected frequency of
individuals
There is no difference between the
observed and expected frequency of
sightings

Effort sampling time in days did not have a major effect on the outcome of the tests,
with much of the results showing the same outcome. However, testing for the
difference between the observed and expected frequency of sightings for spring/ neap,
when accounting for effort, caused the null hypothesis to be rejected. Thus, showing a
significant difference between the observed and expected; effort did have a significant
effect upon the number of sightings for spring/neap.
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Figure 13: Total observed number of harbour porpoise (Phocoena phocoena) sightings
and expected (considering sampling effort in days), against tidal state for data recorded
for the area of Strumble Head (51.96177 ° N, 4.94011° W - 52.11705 ° N, 5.13928 ° W)
from 2004 – 2017.

After conducting chi – squared tests of independence, the difference between the observed
and expected number of sightings for more specific tidal states was investigated by
splitting the tidal cycle into High Tide, Flood Tide, Ebb Tide and Low Tide, to show how
the number of porpoise sightings varied across different stages of the cycle. There is not
a large degree of variation between the observed and expected total number of sightings
for each tidal state, yet the difference between the bars does suggest that effort does
influence the number of sightings observed.
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Figure 14: Total observed number of harbour porpoise (Phocoena phocoena) sightings
and expected (considering sampling effort in days), against tidal type for the area of
Strumble Head (51.96177 ° N, 4.94011° W - 52.11705 ° N, 5.13928 ° W) from 2004 –
2017.
More sightings were observed in moderate neap and moderate spring tidal types than
extreme neap and extreme spring. Tidal type shows less variation in the number of
sightings between the total observed and expected, as opposed to the tidal states (Figure
13). The effect of effort is more apparent for moderate neap and moderate spring where
the number of sightings varies more between observed and expected, in comparison to
extreme neap and extreme spring.
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3.6 Cetacean Distribution Comparison
Anova: Two – Factor Without Replication tests were performed on the two site datasets
to investigate the significance of cetacean species (harbour porpoise against dolphins
referring to bottlenose and common) and month of the year upon the number of sightings.
H⁰ : The factors of month of the year and cetacean species has no significant affect upon
the number of sightings.
For the ferry transect, month of the year did not have a have a significant effect upon the
number of sightings; at 11 degrees of freedom and a p- value of 0.20705 which is larger
than the critical value of 0.05, F = 1.65929 < F critical = 2.81793. This was not the case
for the species of cetacean, the species type contributed highly to the source of variation
in the data; at 1 degree of freedom and a p – value of 0.00249 which is smaller than the
critical value of 0.05, F = 15.1766 > F critical = 4.84434. The porpoise: dolphin ratio
observed across the ferry transect was uneven; 1951: 496, showing an unequal species
composition and strongly suggesting that porpoises were the dominant species
influencing the number of sightings.
Similarly, for the Strumble Head dataset, a significant effect was produced for cetacean
species; at 1 degree of freedom and a very low p – value of 5.7E-05 which is much smaller
than the critical value of 0.05, F = 39.8328 > F critical 4.84434, allowing for the null
hypothesis to be strongly rejected. The ratio of porpoises to dolphins was again uneven
at 537:36, suggesting the porpoise to be the more dominantly sighted cetacean species.
Month of the year did not have a significant affect upon the number of sightings; at 11
degrees of freedom and a p – value of 0.33092 > 0.05, F = 1.31024 < F critical = 2.81793.
In conclusion, species type is more influencing upon the number of sightings than month
of the year, additionally more so porpoises than dolphins. However, the combined effect
of month of the year and cetacean species type upon the number of sightings could not be
investigated with this form of Anova analysis and if done may show significant results.
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Figure 15: Total number of common (Delphinus delphis) and bottlenose (Truncatus
truncatus) dolphin against harbour porpoise (Phocoena phocoena) sightings per
longitudinal gridline area across the fixed ferry transect between Fishguard Harbour
(52.0116° N, 4.9857° W) and Rosslare Harbour (52.2513° N, 6.3415° W), from 2004
– 2017.
Figure 15 illustrates a preference by bottlenose and common dolphins combined for areas
of open water as opposed to coastal locations. This is demonstrated by the high number
of sightings between -4.5 and -5.9. Porpoises show a large increase in the total number of
sightings with 985 sightings out of the total 1951 recorded in the -5.0 to -5.49 gridline
area. 7.5% of ferry transect dolphin sightings were observed at Strumble Head, in
comparison to 27.5% of porpoise sightings; harbour porpoises are shown to be more
abundant in coastal locations and dolphins more abundant in open water. The distribution
of dolphins and porpoises differs spatially.
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4.0 Discussion
4.1 Distribution and Abundance across Transect
Harbour porpoises are restricted in their distribution to areas of near proximity (Clark,
2005; Santos & Pierce, 2003), which is reinforced by their uneven distribution shown in
Figure 6 across the ferry transect, and the abundance of sightings in the harbour locations
of Fishguard and Rosslare. Concentration in the number of porpoise sightings at Strumble
Head can be explained by the fact that individuals concentrate in specific foraging areas
as indicated by numerous studies (Cox et al., 2001, Hastie et al., 2004; Sydeman et al.,
2006; Weimerskirch, 2007). Hotspot regions may be created by the abundance of prey or
alternatively the energy value that they hold (Grémillet et al., 2008; Benoit-Bird et al.,
2013; Jones et al., 2014). This may identify certain areas as being more prey profitable
(Jones et al., 2014).

4.2 Influence of Seasonality
The expected number of sightings in the winter months at both Strumble Head and along
the ferry transect is higher than the observed number of sightings, yet the difference is
only significant for the month of January. Similarly, Skov & Thomsen (2008) reported
less porpoise observations during the winter months. This may be due to migrations which
occur on both a fine – scale and meso – scale, as revealed by many telemetry studies
(Teilmann, 2000; Johnston et al., 2005). Patterns of distribution are related to prey
movements and so a decline in the number of sand eel during winter months may cause a
subsequent migration of porpoise to other areas abundant in prey (Read & Westgate 1997;
Johnston et al., 2005). Literature has reported calves from May onwards, with most births
occurring during June and most copulations in July (Lockyer, 1995; IFAW, 2001);
Isojunno et al. (2012) reported more than 20% of sightings in late summer to be calves.
This supports the results shown in Figure 10 and Figure 12, in which the number of
porpoise sightings is highest in June, with a large difference between the observed and
expected number of sightings. Thus, the high number of sightings in June is explainable
by the critical calving/ breeding activity that occurs within the summer months between
May and September (Lockyer et al., 2001; Börjesson & Read, 2003; Shucksmith et al.,
2009).
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4.3 Influence of Prey
Sighting frequency may be high at Strumble Head as the area is known to have sandy
areas which are the preferred habitat of sand eels (Ammodytidae spp.). In Scottish waters,
they have been reported to constitute 58% of harbour porpoise stomach content in the
summer months, which is a large proportion considering their wide diet of pelagic and
shoaling fish species (Payne et al., 1986; Clark, 2005). Between April and September is
known to be the feeding season of A. marinus, at which time they emerge during daylight
hours from their burrows (The Scottish Government, 2013). Thus, a fluctuation in prey
species number during the summer months may correspond with a high number of
sightings, as seen in Figure 10 and 12. As a pelagic prey species they may cause a greater
porpoise sighting frequency in comparison to if porpoise were feeding on predominantly
benthic species. This is a possible explanation for the large difference between the
observed and expected sightings in June. When A. marinus abundance is thought to
decline during autumn and winter, whiting and herring become important prey (JNCC,
2000; Clark, 2005). A wide diet allows them to make such dietary shifts, also from herring
to sand eels following decline of the former during overfishing of the 1960s (Santos &
Pierce, 2003).
Harbour porpoise are opportunistic feeders due to their wide diet as well as their
geographical range (Martin, 1996; Teilmann & Dietz, 1996; Santos & Pierce, 2003). As
well as the abundance, the type of prey and the habitat zone it inhabits can affect the
number of harbour porpoise sightings. If the prey species is benthic dwelling, porpoise
will spend a significant proportion of their time feeding in this environment, this is a
requirement due to their high energy turnover. Therefore, the number of sightings may
not be consistently representative of harbour porpoise distribution and abundance (Santos
& Pierce, 2003).
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4.4 Influence of Tidal Factors
IFAW (2001) refers to Strumble Head as an important coastal habitat with strong tidal
features that concentrate prey species (Weir & O’Brien, 2000). This concentration of prey
aids capture through interfaces of water that move at different velocities (IFAW, 2001).
Beyond Strumble Head, strong tidal features dissipate which may result in a less obvious
concentration of prey across the ferry transect; prey is generally more distributed and
occurs in dispersed patches.
In Figure 14, the number of porpoise sightings varies across the spring/ neap cycle. Based
on observed sightings, spring tides (moderate and extreme combined) are dominated by
sighting number. This was similarly reported by Embling et al. (2010), Hall (2011) and
Booth et al. (2013), whilst De Boer et al. (2014) contradicted this and Calderan (2003)
reported that neither spring or neap dominated the densities (Dunn, 2016). A contribution
of factors may be affecting the high number of sightings recorded at spring tide, for
instance a low sea state may increase sightability, or a concentration of prey at this tidal
type may influence porpoise presence (Embling et al., 2010).
The high number of porpoise sightings at high tide (Figure 13) was similarly reported
by Ijsseldijk et al. (2013), who also divided the tidal cycle into four stages according to
water height as opposed to velocity. The smallest number of sightings was recorded at
ebb tide as opposed to low tide, this contrasts to what was expected and stated in
Hypothesis 3. Pierpoint (2008) reports contradicting results whereby the presence of
harbour porpoise occurs almost completely within the ebb tidal phase (Ramsey Sound,
SW Wales). At this location, tidal races, overfalls and upwelling zones form during ebb,
which emphasizes the influence of tidal features upon porpoise abundance, which vary
by location.
Literature has highlighted slope gradient as an important factor influencing distribution,
often present around headlands. This may be a feature present at the site of Strumble Head
and could be responsible for increased productivity and high prey densities in the area,
caused by nutrient upwelling from physical processes of eddies, tidal mixing and the
movement of currents on the slope ((Davis et al., 2002; Hanby, 2003; Yen et al., 2004;
Sheldon et al., 2005; Inall et al., 2009; Booth et al., 2013).
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4.5 Interactions between bottlenose dolphins and harbour porpoise
The abundance and distribution of harbour porpoise in relation to bottlenose dolphin may
explain spatial and temporal variations, as avoidance behaviours may be exhibited to
avoid species interaction (Thompson et al., 2004). Simon et al. (2010) reports porpoise
detection rates to be highest in the winter, which may be a consequence of less interspecific interactions between the two cetaceans. This niche partitioning involves
avoidance of certain areas at certain times of the year to abstain from potential aggressive
interactions. In Figure 15, a higher number of bottlenose dolphin sightings are recorded
in open water as opposed to coastal locations, with the reverse seen for harbour porpoise
sightings. This may be a form of niche partitioning whereby porpoises, as the smaller and
more vulnerable cetacean, mostly avoid deeper waters in this area of Irish sea which are
generally frequented by bottlenose dolphins (Hastie et al., 2003a, 2004). This avoidance
behaviour was shown in Clark (2005), whereby a high frequency of bottlenose dolphins
was reflected by a reduced harbour porpoise encounter.

4.6 Criticisms and Future Considerations
As only harbour porpoise presence data was collected, only sightings that were observed
could be investigated, the results therefore cannot account for how temporal and spatial
factors may affect porpoise absence. The results were also limited by range of sight during
data collection and failed to represent a wide area; only sightings that were visible within
range of sight within the field of view (between the vessel and the horizon), could be
recorded. Effort sampling time appeared to influence the results of this study, namely the
high number of observed sightings in June (Figure 10, 12). This difference between the
observed and expected may be a result of many surveying days during this month due to
favourable weather conditions. A future consideration is that more statistical analysis
should be made to understand how effort influences results and patterns, such as in Clark
(2005).
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The application of volunteers, referred to as citizen science, is considered a cost –
effective and practical means for collecting cetacean data over a long – term period
(Battersby & Greenwood, 2004; Weir et al., 2007). Citizen scientists can provide the same
quality of data with sufficient training as data produced by specialists in the field
(Newman et al., 2003), and can still achieve data reliability and the identification of trends
with extensive data/ volunteer effort (Jackson et al., 2008; Embling et al., 2015). When
determining the distance between observer and sighting, an estimation was given
(SEACAMS, 2015). This was not conducted by the same person consistently and so the
degree of accuracy would vary according to volunteer. Methods of generating an accurate
estimate, which could be a future consideration for cetacean surveying, include
photogrammetric and theodolite tracking methods (Lerczak & Hobbs, 1998; DeNardo et
al., 2001; Gordon, 2001; Hastie et al., 2003; Bailey & Thompson, 2006; SEACAMS,
2015). A double observer method during surveying would have allowed for a greater
coverage of the immediate open sea (Buckland et al., 2001; SEACAMS, 2015), whilst
reducing the incidence of missing cetacean sightings and sighting overestimation
(SEACAMS, 2015). All survey data should have been recorded by one person only and
transferred directly onto a spreadsheet to avoid having to eliminate illegible data.
The influence of the Stena Line Ferry may result in attraction or avoidance and
consequently an over/ under – representation in the number of sightings, respectively
(Palka & Hammond, 2001). Since the effect of the ferry is relatively unknown, the
influence upon results should be considered (Ijsseldijk et al., 2013). The route of the ferry
varies according to weather conditions and so does not always follow the fixed transect,
this may result in sightings appearing out of visual range, as seen in Figure 6 and 8. A
varying ferry speed, possibly caused by sea state and weather conditions, may impacted
sighting frequency (Embling et al., 2010). Unfavourable sea states and visibility affect
the quality of the sighting, with misjudgement or over/under – estimation being a likely
result. Latitude and longitude were taken of the ferry position and so the location of the
sighting is not precise. As the average duration of each survey (2.97 hr) was not the actual
crossing time of the ferry (3 hr 15 mins), the distribution shown across the transect may
under represent the study site. This was minimised by taking short off effort breaks,
usually done when sea states were unfavourable and so observations would have been
unreliable regardless. Porpoise sightings are generally scarce near to the ferry ports; this
is not the case for dolphins which have been repeatedly sighted on the far side of the outer
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breakwater, a stone structure in the bay of Fishguard ferry port. Distribution data fails to
inform us on the ecological function of certain areas and what importance and role they
have for the cetaceans (Hastie et al., 2004). Additionally, information on submarine
benthic features is limited and not easily distinguishable from the surface, thus behaviours
exhibited at the surface in different areas with varying submarine features, can provide
greater enlightenment upon these features and therefore habitat usage (Hastie et al.,
2004). Thus, it can be drawn from available literature that limited knowledge exists on
habitat usage of different areas, and how this affects the distribution and abundance of
harbour porpoise.

5.0 Conclusion
McLeod et al. (2002) claimed harbour porpoise distribution to be even in UK and
European waters, however, this study has demonstrated an uneven distribution in harbour
porpoise sightings across the ferry transect, with an abundance at the coastal locations of
Fishguard and Rosslare Harbour. Available literature has demonstrated prey species to
influence distribution and sighting number. Prey populations are seasonally influenced as
well as being affected by fine – scale hydrodynamic and oceanographic features, such as
slope and high- water velocity (Wolanski & Hammer, 1988). Strumble Head is an area
known for its strong tidal features and processes which makes it a hotspot location.
Results support the hypothesis that distribution and abundance is spatially and temporally
influenced. As expected, most sightings were recorded in June and at a low sea state (1),
and the tidal factors of spring and high tide had the highest sighting number at Strumble
Head. Future investigation would further analyse the effect of effort (number of sampling
days) due to the difference it produced between the observed and expected number of
sightings. In this study, the degree to which effort has affected the outcome of the results
is unknown and has shown to be a factor considered throughout most studies. The
influence of fine – scale, spatio – temporal dynamics on the distribution of cetaceans is
still poorly understood, especially of harbour porpoise which have a limited SAC
coverage. This remains a gap in the literature to be investigated by more fine – scale
investigative studies (De Boer et al., 2014). Through greater understanding of the factors
that influence harbour porpoise abundance and distribution, the potential effect of future
tidal projects on populations can be determined and considered.
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Appendix 1: Online Tide tables

Tide times and heights for temporal analysis taken from the following:
2014 - 2017: http://www.tides4fishing.com/uk/wales/fishguard
2010 - 2014: https://www.tidetimes.org.uk/fishguard-tide-times-20170813
2004 - 2009: http://www.wxtide32.com/

Appendix 2: Classification of Tidal Type and Tidal State values

Tidal State
Low Tide

0.75 - 1

Ebb Tide

0.5 - 0.749999

Flood Tide

0.25 - 0.499999

High Tide

0 - 0.249999

Tidal Type
Extreme Spring

0.75 - 1

Moderate Spring

0.5 - 0.749999

Moderate Neap

0.25 - 0.499999

Extreme Neap

0 - 0.249999
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Appendix 3: Heat Maps for Ferry Transect
Proportion of total sampling time = sampling time (days) / total sampling time (days).
Expected = number of sightings or individuals / proportion of total sampling time.

Table 4: The effect of the environmental factors of Sea state (0 - 3) and Visibility (1 -3),
upon the observed and expected (considering effort sampling time in days) number of
harbour porpoise (Phocoena phocoena) and bottlenose dolphin (Truncatus truncatus),
along the ferry transect (2004 – 2017). Colour scale refers to the values shown in the
table.
0 - 100
100 - 500
500 - 1000
> 1000
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Table 5: The effect of the seasonality (months of the year), upon the observed and
expected (considering effort sampling time in days) number of harbour porpoise
(Phocoena phocoena) and bottlenose dolphin (Truncatus truncatus), along the ferry
transect (2004 – 2017). Colour scale refers to the values shown in the table.

0 - 100
100 - 500
500 - 1000
> 1000
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Appendix 4: Heats maps for Strumble Head
Proportion of total sampling time = sampling time (days)/ total sampling time (days).
Expected = number of sightings or individuals / proportion of total sampling time.

Table 6: The effect of the environmental factors of Sea state (0 - 3) and Visibility (1 -3),
upon the observed and expected (considering effort sampling time in days) number of
harbour porpoise (Phocoena phocoena) and bottlenose dolphin (Truncatus truncatus), for
Strumble Head (2004 - 2017). Colour scale refers to the values shown in the table.

0 - 100
100 - 500
500 - 1000
> 1000
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Table 7: The effect of the seasonality (months of the year), upon the observed and
expected (considering effort sampling time in days) number of harbour porpoise
(Phocoena phocoena) and bottlenose dolphin (Truncatus truncatus), at Strumble Head
(2004 – 2017). Colour scale refers to the values shown in the table.

0 - 100
100 - 500
500 - 1000
> 1000

0 - 100
100 - 500
500 - 1000
> 1000
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Table 8: The effect of the tidal factors of Tidal State and Tidal Type, upon the observed
and expected (considering effort sampling time in days) number of harbour porpoise
(Phocoena phocoena) and bottlenose dolphin (Truncatus truncatus), at Strumble Head
(2004 – 2017). Colour scale refers to the values shown in the table.

0 - 100
100 - 500
500 - 1000
> 1000
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Appendix 5: Risk Assessment for Teaching, Administration and
Research Activities
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Appendix 6: Ethics Questionnaire
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Appendix 7: Project Log
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Appendix 8: Off – Site Project Form
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