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Clyde and the 2024 survey in the Solway.

Dr Clive J Fox

Scottish Association for Marine Science, Dunstaffnage, Oban. PA37 1QA

Executive summary

This report describes surveys carried out in the Firth of Clyde in the autumn of 2023,
and in Fleet Bay (Solway) in January 2024. The purpose of the surveys was to
estimate the densities and sizes of razor clams, Ensis siliqua and E. magnus. These
data will contribute to the evidence base for the Scottish Government’s scientific trial
of electrofishing for razor clams (Scottish Government, 2017). A combination of an
electrofishing rig and a towed video sled was deployed from two fishing vessels and
the video recordings subsequently analysed to estimate the sizes and abundance of
razor clams which had emerged onto the seabed.

Ninety-eight video tows were completed in the main areas along the Ayrshire coast
where razor clams have been harvested in the scientific trial, namely Irvine, Ayr,
Culzean and Turnberry Bays. For comparison three areas outside of the permitted
electrofishing areas were also investigated with thirty-one video tows completed in
Machrie, Carradale and Saddell Bays.

From the videos recorded along the Ayrshire coast, 2,581 individual E. siliqua were
identified and measured, and an additional 1,053 razors were measured from tows
conducted outside the trial fishery area. Shell length distributions across all the Firth
of Clyde tows suggested the presence of three modes at around 100 — 110, 140 —
150, and 200 — 210 mm shell length. The average density within the permitted
fishing area (for all size classes) was 0.47 + 0.03 m? (mean + SE) with a maximum
of 1.4 m, whilst for tows outside the permitted fishing area the average and
maximum were slightly higher at 0.72 + 0.09 m (mean + SE) and 2.6 m~
respectively.

Comparing data from 2017 and 2023 suggests that recruitment has occurred in
recent years. For the large and medium size categories there were declines in
densities in Irvine, Ayr and Turnberry Bays, but an increase in Culzean Bay.

Only 209 Ensis magnus (formerly E. arcuatus) were identified from all the video tows
in the Firth of Clyde and this species was generally recorded in areas of coarser
sediment with the majority being found in Machrie Bay. This species is of less
commercial interest because of its smaller size.



Sixteen video tows were completed in Fleet Bay (Solway). Poor weather and
reduced water visibility due to freshwater run-off meant that further survey work
planned for the Solway could not be completed under the current project funding.
Data collected in Fleet Bay indicated four length modes, one at around 40 — 50 mm;
a second around 90 — 100 mm; a third around 120 — 130 mm, and a fourth around
170 — 180 mm. The mean density considering all the size classes was 1.32

0.11 m2 (mean + SE) with the median density being 1.34 m2. All records were
assumed to be E. siliqua although the reduced video quality means that this should
be confirmed in a future survey.
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Materials and methods
Introduction

This report describes results from one of a series of surveys undertaken in areas
where razor clam harvesting is permitted under the Scottish Government’s scientific
trial on electrofishing (Scottish Government, 2017, 2021). The aim of these surveys
was to use a combination of electrofishing with towed video to assess the quantities,
densities and sizes of razor clams (Ensis spp.) in the Firth of Clyde and in the
Solway.

The Clyde Sea encompasses the Firth of Clyde, the Clyde Estuary, and the sea
lochs to the north of the Firth and Loch Ryan to the south. The area is a semi-
enclosed fjordic basin having partial exchange with the waters on the adjacent
coastal shelf. The bathymetry of the Clyde basin and the distribution of the
sediments have been little changed since the end of the last glacial period and
mostly consist of sands and muddy sands, through to fine silts (MclIntyre et al.,
2012). The coastline has numerous rocky outcrops so that the sandy habitat suitable
for razor clams is only continuous within some of the larger bays.

The Solway Firth lies on the border between Scotland and England with the northern
coastline in Scottish waters. The Solway is subject to strong tides with a large
maximum tidal range of 7 — 10 m in the inner firth. The sediments consist of large
areas of intertidal sand and subtidal sandbanks. However, where rivers flow into the
area these can bring large amounts of fine silts into the coastal waters. The Solway
is also exposed to a large fetch at its western end, so sea conditions along the
northern coast can be rough unless the winds are from the north to northeast.

Evidence from previous field surveys, and monitoring of the fishery, shows that even
within the permitted fishing areas, the distribution of Ensis is patchy. Razor clams
only occur at higher densities in certain locations and fishers recognise specific beds
where harvesting is worthwhile. Predetermined randomised surveys covering the
whole of the production area are therefore unlikely to yield particularly useful
information because much of the area is not suitable razor clam habitat due to depth
of sediment type. The present survey thus made extensive use of local fishers’
knowledge, as well as fishing location data collected by Marine Directorate during
the Scottish Government trial, to target those parts of the production areas which
have been regularly fished during the trial.



Firth of Clyde field survey

The Scottish Government electrofishing trial area in the Firth of Clyde runs from just
north of Ardrossan to just south of Ballantrae (Appendix I; Figure 1). However, the
most extensive areas of sand suitable for razor clams are in Irvine Bay and Ayr Bay.
Further south there is suitable habitat in Culzean and Turnberry Bays, although
these areas are smaller in extent. South of Girvan there are limited areas of sand as
the coastline becomes dominated by cliffs and rocky outcrops.

Nearly all recorded electrofishing during the trial in the Firth of Clyde occurred in
depths shallower than the 20 m depth contour. As well as depth limiting the bottom
time available when using air diving equipment, the deeper sediments in the Clyde
tend towards muds and silts (Pace et al., 2021), thus becoming less suitable habitat
for razor clams.

The survey was conducted using a charter fishing vessel - ‘Skye’ (PLN: CN450).
Operation of the electrofishing and video equipment was as described in Fox (2023).
Video tows were conducted within the permitted razor clam electrofishing area in
Irvine Bay (Appendix |: Figure 2), Ayr Bay (Appendix I: Figure 3), Culzean Bay
(Appendix I: Figure 4) and Turnberry Bay (Appendix |: Figure 5). In addition, tows
were conducted for comparison outside of the presently permitted razor clam
electrofishing area in Machrie Bay on the Arran coast (Appendix I: Figure 6), and in
Carradale and Saddell Bays on the east coast of the Kintyre Peninsula (Appendix I:
Figure 7).

Solway field survey

Although the permitted razor clam fishing area in the Solway extends south to
deeper water (Appendix I: Figure 8), nearly all the recorded electrofishing activity
during the trial in this area has occurred in depths shallower than 15 m. The deeper
sediments tend towards muds and silts and are less suitable habitat for razor clams.
The areas fished are therefore much more constrained than the extent of the
permitted fishing area might suggest.

The survey was conducted using a charter fishing vessel - ‘RazorBill’ (PLN: BA57).
The vessel is relatively new but smaller than the vessel used for the Firth of Clyde
surveys and lacks an aft lifting derrick. This meant the video camera rig was
deployed in a different manner using divers.

The initial plan was to begin survey work in Kirkudbright Bay, but extremely strong
tides and large quantities of silt brought down the river led to poor visibility. The
survey was shifted across to Fleet Bay where a total of 16 tows were completed. As
all work had to be completed by 315t March 2024, it was not possible to collect
further survey data under this funding round due to poor weather conditions.



Post fieldwork analysis

All post fieldwork analysis of the videos followed the methods described in Fox
(2023).

Results from the 2023 Firth of Clyde survey
Water column — Firth of Clyde 2023

The water column was generally well mixed although slight to moderate haloclines
and/or thermoclines were present at around 4 m depth on some days (Appendix I:
Figure 9). Water temperatures were between 12.0 and 14.2°C and salinities between
29.4 and 33.1.

Video tows — Firth of Clyde 2023

Summaries of the video tows are given in Appendix Il: Table 1. A total of 98 tows
were completed along the Ayrshire coast within the area where electrofishing is
permitted. For comparative purposes a further 31 tows were completed outside the
scientific trial areas.

The Ayrshire coastline consists of a relatively narrow strip of sand interspersed with
rocky outcrops and areas of coarser ground. There are also numerous obstacles,
such as pipelines and cables, so the local knowledge of the skipper and crew was
essential for safe operation of the survey. The razor clam diving operations in the
Clyde tend to be restricted to shallow depths, at most 20 m but typically less than
15 m. A limited number of tows were conducted in water deeper than 15 m with the
aim of seeing whether there are repositories of Ensis below the normal diving
depths. However, the sediment on these deeper tows was coarse silt and mud and
very few razors were observed. The video cameras produced clear images, even on
deeper tows and towards the end of the day, which allowed easy identification of
organisms on the sediment (Appendix I: Figure 10).

The mean tow duration was 13 mins (+ 2.7 std dev) with only a few tows terminated
early due to changing sea conditions or encountering obstacles such as rocks
(Appendix I: Figure 11a). Most tows were longer than 50 m (Appendix I: Figure 11Db)
which was the minimum distance recommended in Fox et al. (2019). Based on
simulations the precisions of mean density estimates are likely to be improved by
increasing the number of video tows within an area, rather than substantially
increasing the lengths of individual tows. However, towing speed (Appendix I: Figure
11c) is also an important consideration as it influences the length of time an area of
seabed is exposed to the electrical field. Mean towing speed was 4.0 + 1.1 m min™’!
(mean % std dev) so that most of the estimated exposure times were longer than 30 s
(Appendix I: Figure 11d). The average swept area of the video tows was 75 + 21 m?
(mean = std dev). From the video observations, the sediments were mainly fine



rippled sand mixed with ground shell fragments with coarser sands in some
locations.

Razor clam sizes — Firth of Clyde 2023

Overall, it was possible to estimate live sizes for 3,634 E. siliqua, with 71% of these
measurements coming from tows conducted within the permitted electrofishing
grounds. Comparing mean lengths for E. siliqua from tows within the presently fished
and outside the trial area suggests that razor clams outside the fished area were
slightly larger (Appendix Il: Table 2). The largest mean size by site was recorded
from tows conducted in Saddell Bay, which is outside of the trial area although the
largest individual E. siliqua was recorded in Ayr Bay, a site within the permitted
fishing area.

Many of the length datasets were skewed and multimodal meaning that simple
comparisons of the average lengths may be mis-leading and comparing the whole
length distributions is a better approach. Pooling the E. siliqua class 1 objects length
data from all the tows suggests there were two or three size modes, one at around
200 — 210 mm; a second less obvious around 140 — 150 mm and a third around 100
— 110 mm (Appendix |: Figure 12a). There were also a small number of clams at less
than 50 mm shell length, which were assumed to be E. siliqua because of the overall
dominance of that species in the surveys. The size distribution of E. siliqua from tows
conducted within the scientific trial area was similar to the overall pattern

(Appendix I: Figure 12b). In comparison, the size distribution of E. siliqua from tows
outside of the trial area had a slightly higher proportion of medium sized razor clams
(Appendix I: Figure 12c). Compared with the other sites, Carradale and Saddell
Bays, which are both in the unfished area, were dominated by large sized razors
(Appendix I: Figure 13).

Ensis magnus are not normally collected by this fishery and the vast majority (86%)
of the records of this species came from Machrie Bay (outside of the permitted trial
area).

Razor clam densities — Firth of Clyde 2023

Summary statistics for E. siliqua densities comparing tows undertaken within and
outside of the present Scottish Government scientific trial area in the Firth of Clyde
are given in Appendix Il: Table 3. The maximum density across all three size
categories was 2.60 m2 and was found outside of the trial area, whilst within the
fishery area the maximum density was 1.41 m. Mean densities across all three size
categories were 0.53 + 0.03 (mean = SE) for the whole survey, and 0.47 £ 0.03
(mean + SE) and 0.72 + 0.09 m* (mean + SE) for the in-trial and out-trial areas
respectively. However, density distributions were often skewed so that the medians
may be more representative, these being 0.43 m for the whole survey, and 0.37
and 0.61 m™ for the in-trial and outside-trial area tows respectively.
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The density data can be further summarised by site (Appendix I: Figure 14 and
Appendix II: Table 4). Median densities of large size (> 150 mm shell length) E.
siliqua were between 0.20 and 0.24 m in Irvine, Ayr and Culzean Bays but higher in
Turnberry Bay. Higher densities of large size E. siliqua were also found in Carradale
and Saddell Bays which are outside of the trial fishery area. For medium sized (2
100 and < 150 mm shell length) E. siliqua, median densities were quite variable
being less than 0.1 m2 in Irvine, Carradale and Saddell Bays but up to 0.22 m? in
Culzean Bay. Median densities of small sized (< 100 mm shell length) E. siliqua were
lower only reaching marginally above 0.1 m in Turnberry and Carradale Bays
(Appendix I: Figure 14d).

The spatial distributions of E. siliqua densities in the different size categories for sites
within the Scottish Government scientific trial are shown in Appendix I: Figures 15 to
18. Data from sites outside the trial area are shown in Appendix |: Figures 21 and 22.
Densities are shown as pink filled circles with the diameters scaled in proportion to
the average density of razor clams recorded on that tow. For each size category, the
scaling goes up to the maximum density recorded across all the tows in the Firth of
Clyde survey i.e. it is possible to compare the charts between sites for each size
category, but care should be taken comparing charts within a site for the different
size categories.

Although large razors (= 150 mm shell length) were found throughout the area
(Appendix I: Figures 15 and 21), the highest densities were in Turnberry Bay. The
densities of medium sized razors (= 100 and < 150 mm shell length) seemed to
increase moving south from Irvine Bay (Appendix I: Figures 17 and 18). Patches of
small size razors (< 100 mm shell length) were found scattered across Ayr, Culzean
and Turnberry Bays (Appendix |: Figures 18 and 20). In Irvine Bay, small size razors
were largely confined to a patch off Ardrossan harbour while densities in Ayr,
Culzean and Turnberry Bays were slightly higher.

Considering sites outside of the present trial, large razors were found at all three
locations (Figure 21a) and at densities generally higher than within the fished area
(Appendix I: Figure 14). In contrast, medium sized razors seemed mainly confined to
Machrie Bay (Figure 21b) where maximum densities exceeded those within the
fished area. Small size razors (< 100 mm shell length) were found distributed
patchily in Machrie, Saddell and Carradale Bays (Appendix |: Figure 22).

In summary, within the trial fishing area, the highest densities of large size E. siliqua
were observed in Turnberry Bay although even here the maximum density was less
than 1 m2. Compared with Irvine, Ayr and Culzean Bays, densities of large razors in
Machrie, Carradale and Saddell Bays, which are outside the permitted fishing area,
tended to be higher. These differences likely reflect the recent fishing history as
these latter sites have not been fished for 5 — 6 years. However, densities of medium
and small sized razors were quite variable across all the sites and there was no
obvious link with whether a site was within or outside of the permitted trial area.
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Small sized razors were present across all surveyed sites although higher densities
were confined to smaller patches, especially in Irvine and Machrie Bays.

Razor clam depth distribution — Firth of Clyde 2023

There did not appear to be any obvious relationships between the densities of E.
siliqua in each size category and the water depths at the time of sampling (Figure
23a-d).

Rates of partial emergence — Firth of Clyde 2023

The mean percentage of partially emerged E. siliqua was 19 £+ 1 % (mean = SE),
although rates as high as 60 and 67% occurred on individual tows in Irvine Bay and
Machrie Bay (Appendix |: Figure 24a). There was no obvious relationship between
percentage partial emergence and mean exposure time (Appendix |: Figure 24b).
However, for water depth there did seem to be a relationship with partial emergence
which tended to be higher on deeper tows (Appendix |: Figure 24c). There did not
appear to be any relationship with E. siliqua densities (Appendix I: Figure 24d).

In a previous survey of the Ayrshire coast, it was noted that partial emergence rates
averaged around 20% but were higher at certain sites e.g. Culzean Bay being
particularly high at 41% (Fox, 2018). This pattern was also seen in the present
surveys where partial emergence rates averaged 20% for Irvine and Ayr Bays but
reached 30% in Culzean Bay. In addition to a possible depth effect, razor clam
emergence rates may be at least partially related to sediment type which will vary
somewhat between sites.

Incidental observations — Firth of Clyde 2023

The total numbers of incidental organisms recorded on the videos are summarised in
Appendix Il: Table 5. Crabs (probably the common shore crab, Carcinus maenas)
were the most common incidental organism overall. The next most common
incidental organisms were sandeels (Ammodytidae), followed by hermit crabs and
various starfish (mostly Asterias rubens but also occasional cushion stars). Small,
stunned flatfish were also observed, although some were seen to recommence
active swimming as the video cameras passed overhead. Two species of diving
birds, the cormorant (Phalacrocorax carbo) and eider duck (Somateria mollissima)
were observed adjacent to the survey vessel, and occasionally on the underwater
cameras, although neither species was seen in large numbers.

12



Comparison of the 2017 and 2023 Ayrshire coast
surveys

Introduction to the Ayrshire coast 2017 and 2023 surveys

Razor clams along the Ayrshire coast were previously surveyed in 2017 using the
same towed video technique (Fox, 2018; Fox et al., 2019). Although in the earlier
survey the spatial coverage was less and the total number of tows completed lower,
this repetition allows some temporal comparisons to be made. The data from the
earlier survey have been re-analysed for this comparison as the site names and E.
siliqua size class boundaries used in the original reports were slightly different.

E. siliqua shell lengths - Comparison of the 2017 and 2023 Ayrshire

coast data

Summary statistics for the shell lengths suggests there has been an overall decrease
in average size. This is also seen within each site except for Irvine Bay, where a
small increase is apparent (Appendix I: Figure 25, Appendix II: Table 6). The
declines in average shell length can be explained by the increased proportion of
small-sized razors in the populations (Appendix II: Table 7). In the 2017 survey,
small razors were rarely observed but in the 2023 survey they had increased by up
to 22%.

These changes in the shell length distributions reflect a combination of recruitment,
growth, natural mortality, and fishing mortality between 2017 and 2023. However,
care must be taken not to over-interpret these data on their own; changes in the
densities of the different size categories must also be considered.

E siliqua densities - Comparison of 2017 with 2023 Ayrshire coast
data

The changes in E. siliqua densities between 2017 and 2023 are visualised as box
plots for the different size categories (Appendix |: Figures 26 — 28). For the large and
medium size categories there were declines in median densities in Irvine, Ayr and
Turnberry Bays, but an increase in Culzean Bay. For the small size group, median
densities increased at all four sites, influencing the noticeable shifts in length
distributions described above.

It should be noted that these results may have been influenced by the lower number
of tows in the 2017 data. This difference was particularly large for Irvine Bay where
only 9 tows were completed in 2017, but 51 in 2023. Nevertheless, the reasonably
consistent patterns across the sites for both shell length distributions and densities
by size group suggest that the overall patterns are probably reliable.
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In the 2017 survey, E. magnus was not recorded at all whilst in the 2023 survey it
was only identified 209 times with the vast majority (86%) of these records coming
from tows in Machrie Bay, an area not included in the earlier survey.

Results from the 2024 Solway survey

Survey results were restricted to Fleet Bay because of problems with water clarity
and the weather.

Water column — Fleet Bay 2024

Temperatures during the Solway survey were between 5.9 — 7.1°C and salinities
between 28.7 — 30.5. (Appendix I: Figure 29). The water was notably cooler and less
saline towards the surface on the second survey day (14" Jan) due to freshwater
runoff from the rivers into the coastal area.

Video tows — Fleet Bay 2024

Summaries of the 16 video tows completed in Fleet Bay are given in Appendix I:
Table 9. The razor clam diving operations in the Solway tend to be restricted to
shallow depths, at most 15 m but typically less than 10 m and this was reflected in
the depth distribution of the video tows. The coastline consists of relatively small
areas of sand interspersed with rocky outcrops and areas of coarser ground.
Deployment of the video equipment worked well with the camera rig being lowered to
the seabed and connected to the electrofishing spreader bar by the dive team using
the two connecting ropes. Water clarity was extremely poor resulting in lower quality
images than in other surveyed areas. However, razors were identifiable (Appendix I:
Figure 30), although it was difficult to identify other non-target organisms. The
images were also not clear enough to make meaningful comments on the
coarseness of the sediment.

The mean tow duration was 15 mins (+ 3.3 std dev) with a few tows having to be
terminated early due to encountering seabed obstacles such as rocks, but the
majority of tows were longer than 50 m. Towing speeds varied between 2.9 and
7.4 m min"! with the average being 4.0 + 1.2 (mean + std dev) so that most of the
average exposure times to the electrical field were longer than 25 s. The average
swept area of the video tows was 86 + 16 m? (mean + std dev), with most tows
covering above 70 mZ.

Razor clam sizes — Fleet Bay 2024

Overall, it was possible to estimate live sizes for 1,196 E. siliqua from the video
recordings. These data suggest there were three or four length modes, one less
obvious mode at around 40 — 50 mm; a second around 90 — 100 mm); a third around
120 — 130 mm, and a fourth around 170 — 180 mm. By shell length category 58%
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were large (=2 150 mm shell length), 30% medium (= 100 and < 150 mm shell length)
and 12% small (< 100 mm shell length).

Razor clam densities — Fleet Bay 2024

The maximum density of E. siliqua across all sizes was 2.12 m (Appendix II;

Table 10) and the mean was 1.32 + 0.11 (mean + SE). The spatial density
distributions of E. siliqua for the large and medium size categories in Fleet Bay are
shown in Appendix I: Figure 32 and for small size razor clams in Appendix |: Figure
33. Although large category (= 150 mm shell length) razors were found throughout
the area, the highest densities were in the more northern patch (Appendix I: Figure
32a). Higher densities of medium sized razors (= 100 and < 150 mm shell length)
were also found in the northern patch but had an inverse spatial distribution pattern
with the densities of the larger sized razors (comparing Appendix I: Figure 32a with
Appendix I: Figure 32b). Small size (< 100 mm shell length) razors were present on
all the tows, but again at higher densities in the more northern patch (Appendix I:
Figure 33).

Razor clam depth distribution — Fleet Bay 2024

There were no obvious relationships between E. siliqua densities and water depths
at the time of sampling, so these data are not included. However, it must be noted
that the range of depths sampled in Fleet Bay was relatively limited.

Rates of partial emergence — Fleet Bay 2024

The mean percentage of partially emerged E. siliqua was 27.0 £ 0.2 % (mean + SE).
There were no obvious relationships with mean exposure time to the electrical field,
water depth or with E. siliqua densities.

Incidental observations — Fleet Bay 2024

Incidental observations included 14 flatfish, 12 hermit crabs, 8 crabs (probably C.
maenas) and 3 sandeel. However, because of the low quality of the videos these
identifications are only indicative and other incidental organisms may have been
missed.
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Discussion

Although razor clams are widespread around the Scottish coast, densities vary
greatly with commercially viable beds typically located in more sheltered locations
(Marine Laboratory, 1998). In undisturbed patches, Ensis siliqua can reach densities
of 200 m? (Fahy and Gaffney, 2001) but unfortunately most published estimates
from Scotland come from beds which have been subjected to at least some level of
exploitation. Based on counts by divers, Murray et al. (2014) reported densities of
Ensis (siliqua and magnus combined) to be up to 17 m2 in Loch Nevis. More
recently combined electrofishing towed-video surveys have been undertaken on
several grounds in the Scottish scientific trial, including some areas which have been
excluded from fishing for the last 5 — 6 years (Fox, 2017; 2018; 2021 and 2023).
From these results, the maximum density of E. siliqua recorded to the north of Barra
was around 3 m? and the average was 1.7 = 0.19 m (mean + SE); in Largo Bay
(Firth of Forth) the maximum was 11 m* and the average was 4.0 + 0.3 m2 (mean +
SE); and a recent survey on Tarbert Bank (Fox, 2023) found densities of up to

6.7 m2 with the average being 1.6 £ 0.11 m? (mean * SE).

The Ayrshire coast has been previously surveyed in 2017 (Fox, 2018) where the
maximum density of E. siliqua was 1.6 m, and the average was 0.52 + 0.05 m™
(mean £ SE). In the present survey, the maximum in the permitted fishing area was
1.4 m? and the mean was 0.47 + 0.03 m? (mean = SE). For tows conducted in 2023
outside of the permitted fishing area, the densities were higher with a maximum of
2.6 m? and average 0.72 + 0.09 m? (mean + SE) respectively. However, compared
to other areas for which data exist, the beds within the Firth of Clyde appear to have
supported relatively low average densities of E. siliqua (< 1 m2) throughout the trial
period. In contrast, densities for Fleet Bay in the Solway were up to 2.1 m? with an
average of 1.3 £ 0.01 m? (mean + SE) which may reflect relative fishing pressures
during the trial. However, there could also be differences in productivity since the
average densities in the surveyed unfished areas of the Firth of Clyde were still not
particularly high.

The 2023 Ayrshire coast results showed that the densities of small E. siliqua have
increased since 2017 indicating that recruitment has occurred during the scientific
trial, despite the relatively low average E. siliqua densities in the area.

Combining electrofishing with towed video has worked well as a survey technique
across many locations including the Outer Hebrides (Fox, 2018), Largo Bay, Firth of
Forth (Fox, 2021), Tarbert Bank (Fox, 2023) and sites along the Ayrshire coast (Fox,
2018 and this report). Water clarity has not normally been a significant hindrance,
and the quality of the recorded videos has usually been high. However, water clarity
was much poorer in the Solway because of the large amounts of riverine fine silt,
along with strong tides. For sites such as the Solway, choosing survey times
coincident with neap tides and avoiding periods after heavy rainfall may be additional
factors which need to be considered in survey planning.
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Tow speeds in the present survey ranged from 1.5 — 8.3 m min-! with most of the
tows conducted at 2 — 6 m min-'. These speeds are similar to those when using
other vessels for Ensis video survey work (Fox, 2018; Fox, 2021; Fox, 2023). The
average exposure times to the electrical field were thus between 14 — 81 seconds
with most of the tows having average exposure times longer than 30 seconds. In
previous reports it was suggested that the proportion of partially emerged razors
might provide an index for how efficiently the electrofishing gear is working. For the
2023 Firth of Clyde survey, the average was 0.20 but reached 0.30 in Culzean Bay
and for Fleet Bay the mean rate of partial emergence was 0.27. In addition, a
possible depth effect on partial emergence rates was identified in the Firth of Clyde
data, so razor clam emergence rates may be influenced by both depth and sediment

type.

Anecdotal evidence from fishers also suggests that water temperatures and even
atmospheric pressure may affect the speed with which razor clams emerge in
response to electrical stimulation. In addition, Muir (2003) produced some
experimental evidence that razor clam burial depths can be affected by season and
wind direction which might influence their rates of emergence. The influence of
environmental factors means that there is some uncertainty about the efficiency of
electrofishing, although it has generally been assumed to be high (Breen et al.,
2011). This aspect is important because it will affect the results from surveys based
on electrofishing. If the efficiency were to vary substantially between surveys, then
this would complicate comparisons across years and sites. Although this aspect has
not been studied in detail, a depletion experiment was conducted on Tarbert Bank by
Fox (2023). The results suggested that on average the electrofishing gear was 82%
efficient based on a single 30 s exposure to the electrical field when the bottom
water temperature was 8 — 9°C. This was colder than bottom temperatures during
the present Firth of Clyde survey, although about 2°C warmer than during the Fleet
Bay survey. Although the depletion experiment result supports the assertion that
electrofishing is highly efficient, the evidence would be strengthened by conducting
further experiments under different water temperatures and at different sites.

One advantage of electrofishing over dredging is that the divers leave undersized
razor clams on the seabed, rather than bringing them to the surface and passing
them through a sorting grid which can cause shell damage and increased mortality
(Fahy and Carroll, 2007). However, Muir (2003) and Murray et al. (2014) commented
that stunned razors might still be vulnerable to predation by benthic scavengers in
the few minutes they can take to rebury. In a previous study in Largo Bay (Firth of
Forth) large flocks of eider ducks were present and these birds were observed
predating on stunned razors on the seabed (Fox, 2021). In the present Ayrshire
coast survey, some eiders and the occasional cormorant were observed but
predation of razors by these birds did not appear to be as significant as in Largo Bay.
However, the numbers of sea birds in the area could change during the year so
predation rates might vary seasonally. Small sandeels and juvenile flatfish were also
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seen on the videos in both stunned and active states. Immobilised fish could be
vulnerable to predation although Murray et al. (2014) suggested that they would
recover in a few minutes following exposure to the electrical field. There is thus some
scope for electrofishing to lead to additional predation on both target and non-target
organisms, but the rates at which this occurs are not particularly well understood.

The data collected in this survey has provided further information on the razor clam
populations in the Firth of Clyde, adding to results from the 2017 survey (Fox, 2018).
In addition, Machrie, Carradale and Saddell Bays, which are outside of the present
scientific trial area, were surveyed. Results showed that median densities of large
sized E. siliqua were higher at these sites compared with Irvine, Ayr and Culzean
Bays which are in the fishery trial. While it is tempting to ascribe such inter-site
differences to fishing pressure alone, there may also be differences in productivity,
growth and natural mortality because the density of large razors in Turnberry Bay,
which is within the authorised trial area, was within the range of values seen at the
unfished sites. The data from the towed video surveys has also provided useful
insights into changes in the razor clam populations over time by comparing results
from surveys completed a few years apart. Finally, the use of fishing vessels to
conduct the survey has allowed the science team to draw on local knowledge about
the grounds, and allowed skippers and crews to contribute to the design and
implementation of these scientific surveys.
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Figure 1: Chart of the Firth of Clyde showing the study area and locations mentioned
in this report. The area in which electrofishing for razor clams is permitted under the
Scottish Government scientific trial is shown hatched. (Chart created using
Opensource QGIS, not to be used for navigation).
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not shown to improve readability. (Chart created using Opensource QGIS, not to be
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Figure 3: Mid-points of tows conducted in Ayr Bay (purple dots) in 2023, with the tow
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shown to improve readability. (Chart created using Opensource QGIS, not to be
used for navigation).
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Figure 10: Example of image quality from the 2023 Firth of Clyde survey. The three
separate MacArtney Luxus (MacArtney UK Ltd., Dyce, Aberdeen) camera feeds (top
row images) are combined to generate a composite equivalent to 1.5 m width on the
seabed (bottom image). Video is from tow 115, Saddell Bay 27" Oct recorded in

5.7 m water depth. The trail marks left in the sand by the razor fishing electrodes are
also visible.
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29



(@) Whole survey, n=3,684

0.010
0.008
0.006 I
0.004
0.002

0.000 -

0 &0 100 150 200 250

Shell lenath (mm)
(b) Trial area, n=2,581

0.010
0.008 B
0.006
0.004
0.002 k
0.000 -

0 50 100 150 200 250
Shell length (mm)

Outside trial area, n=1,053

(c)

0.010 -
0.008 M
0.006 ] i
0.004
0.002 L
0.000 — : : : : :

0 50 100 150 200 250
Shell length (mm)

Figure 12: Density histograms for E. siliqua shell lengths (mm) reconstructed from
the 2023 Firth of Clyde video tows: (a) all tows combined; (b) tows conducted within
the scientific trial area; (c) tows conducted outside the scientific trial area. n = total
number of razor clam measurements.
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Opensource QGIS, not to be used for navigation).
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2023 Firth of Clyde survey: Culzean and Turnberry Bays (Chart created using
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(b)

Figure 21: Spatial density (nos m) distributions of E. siliqua from the 2023 Firth of
Clyde survey, Machrie, Carradale and Saddell Bays: (a) Large sizes (> 150 mm shell
length); (b) Medium sizes (>= 100 mm and < 150 mm shell length) (< 100 mm shell
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Figure 23: Scatterplots of E. siliqua density estimates from the 2023 Firth of Clyde
survey against water depth at the time of sampling: (a) All sizes; (b) Large size >
150 mm shell length; (c) Medium size 2100 mm to < 150 mm shell length; (d) Small
size < 100 mm shell length.
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Figure 24: The proportion of the total E. siliqua which were partially emerged in each
tow from the 2023 Firth of Clyde survey: (a) frequency distribution of partial
emergence proportions and (b) plotted against the mean exposure time to the
electrical field (c) plotted against the water depth at the time of the tow (d) plotted
against the mean density of E. siliqua on the tow.
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Figure 25: Density histograms for E. siliqua shell lengths (mm) estimated from the
Ayrshire coast surveys in (a) 2017 and (b) 2023. Dashed vertical lines indicate the
boundaries of the small, medium and large size categories; n = total number of razor
clam shell lengths estimated from the video data in that year.
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Figure 26: Boxplots summarising the densities of large size E. siliqua in the 2017
(grey infill) and 2023 (open infill) Ayrshire coast surveys by site. Heavy horizontal
lines indicate the medians, the boxes the interquartile ranges, whiskers show the
quartiles +/- 1.5 times the interquartile range, circles indicate outliers.
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Figure 27: Boxplots summarising the densities of medium size E. siliqua in the 2017
(grey infill) and 2023 (open infill) Ayrshire coast surveys by site. Heavy horizontal
lines indicate the medians, the boxes the interquartile ranges, whiskers show the
quartiles +/- 1.5 times the interquartile range, circles indicate outliers.
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Figure 28: Boxplots summarising the densities of small size E. siliqua in the 2017
(grey infill) and 2023 (open infill) Ayrshire coast surveys by site. Heavy horizontal

lines indicate the medians, the boxes the interquartile ranges, whiskers show the

quartiles +/- 1.5 times the interquartile range, circles indicate outliers.
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Figure 29: Water column temperature (°C) and salinity (psu) profiles from the Fleet
Bay, Solway survey in 2024.
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Figure 30: Example of image quality from the Fleet Bay, Solway survey. The three
separate MacArtney Luxus (MacArtney UK Ltd., Dyce, Aberdeen) video camera
feeds (top row images) are overlaid to generate a composite equivalent to 1.5 m
width on the seabed (bottom image). Video for tow 130, Fleet Bay, 13" Jan 2024 in
9 m water depth. Despite the low image quality, a fully emerged razor clam is visible
on the left-hand side of the composite image.
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Figure 31: Density histogram for E. siliqua shell lengths (mm) reconstructed from
video recordings in Fleet Bay, Solway in 2024. n= total number of razor clam
measurements.
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Figure 32: Spatial density (nos m-2) distributions of E. siliqua in the 2024 Fleet Bay,
Solway survey: (a) Large size (> 150 mm shell length) (b) Medium size (>100 and
<=150 mm shell length) (Charts created using Opensource QGIS, not to be used for
navigation).
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Figure 33: Spatial density (nos m) distributions of E. siliqua in 2024 Fleet Bay,
Solway survey: Small size (<100 mm shell length). (Charts created using
Opensource QGIS, not to be used for navigation).
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Appendix Il — Report tables

Table 1: Tow details for 2023 Firth of Clyde survey — these are provided as a
separate table in the Supplementary information accompanying this report.

Table 2: Summary statistics for shell lengths (mm) based on video measurements
from all class 1 objects (fully emerged E. siliqua within video frame) in the 2023 Firth
of Clyde survey. “In trial” includes tows conducted within the present scientific trial
area, “Out trial” includes tows conducted outside of the present scientific trial area.

Sites n Mean SD Median Min Max  Skew Kurtosis
Irvine Bay 863 166.5 395 179 17 240 -0.86 -0.10
Ayr Bay 593 137.8 43.0 135 51 252 0.02 -114

Culzean Bay 274 1429 424 139 33 232 0.02 -0.60
Turnberry Bay 851 145.7 452 154 20 236 -0.34 -0.90

In trial 2,581 150.5 441 158 17 252 -0.38 -0.89

Machrie Bay 688 145.7 36.4 145 38 246 0.00 -0.24
Carradale Bay = 225 1726 47.8 193 46 243  -1.03 -0.31

Saddell Bay 140 185.8 41.1 199 58 243 -1.75 2.24
Outside trial 1,063 156.8 426 155 38 246 -0.30 -0.78
Both areas 3,634 1524 438 157 15 252 -0.36 -0.84
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Table 3: Summary statistics for E. siliqua density estimates (number m-2) from the 2023
Firth of Clyde survey by shell length category (small < 100 mm; medium <= 100 mm to
<150 mm; large >= 150 mm). “In trial” includes tows conducted within the present
scientific trial area, “Out trial” includes tows conducted outside of the present scientific
trial area.

Size Area Number Min Max Median Mean SE of Kurtosis
of tows Mean

Large In trial 98 0.00 0.89 0.23 0.26 0.02 0.95
Out trial 31 0.11 0.77 0.41 0.39 0.03 -0.67
Both 129 0.00 0.89 0.26 0.29 0.02 0.07

Medium In trial 98 0.00 0.53 010 0.14 0.01 0.76
Out trial 31 0.00 1.75 0.12 0.25 0.07 6.37
Both 129 0.00 1.75 0.10 0.16 0.02 24.76

Small In trial 98 0.00 0.51 0.04 0.08 0.01 4.35
Out trial 31 0.00 0.40 0.05 0.08 0.02 3.83
Both 129 0.00 0.51 0.04 0.08 0.01 4.40

All In trial 98 0.00 1.41 0.37 047 0.03 -0.22
Out trial 31 0.23 260 0.61 0.72 0.09 3.73
Both 129 0.00 2.6 043 0.53 0.03 6.72
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Table 4: Summary statistics for Ensis siliqua density estimates (number m-2) for the
2023 Firth of Clyde survey by site. Shell length categories are: Large >= 150 mm;
Medium <= 100 mm to <150 mm; and Small < 100 mm). “In trial” includes tows
conducted within the present scientific trial area, “Out trial” includes tows conducted
outside of the present scientific trial area.

Size Site Number Min Max Median Mean SEof  Kurtsosis
of tows Mean

Large Irvine Bay 51 0.00 0.57 0.19 0.21 0.02 -0.18
Ayr Bay 18 0.06 056 0.24 0.26 0.04 -0.97
Culzean Bay 10 0.05 039 0.24 0.22 0.04 -1.66
Turnberry Bay 19 0.18 0.89 0.35 0.40 0.04 0.81
In trial 98 0.00 0.89 0.23 0.26 0.02 0.95
Machrie Bay 19 0.11 0.63 0.31 0.34 0.04 -1.39
Carradale Bay 7 0.30 0.64 0.52 0.49 0.05 -1.83
Saddell Bay 5 0.34 0.77 042 0.47 0.08 -1.04
Out trial 31 0.11 0.77 0.41 0.40 0.03 -0.67

Medium Irvine Bay 51 0.00 0.26 0.05 0.06 0.01 3.02
Ayr Bay 18 0.05 041 0.16 0.18 0.03 -0.58
Culzean Bay 10 0.14 0.51 0.21 0.27 0.04 -1.36
Turnberry Bay 19 0.07 048 0.19 0.23 0.03 -1.12
In trial 98 0.00 0.51 0.10 0.14 0.01 0.76
Machrie Bay 19 0.02 1.75 0.16 0.38 0.11 2.37
Carradale Bay 7 0.02 0.14 0.04 0.07 0.02 -1.81
Saddell Bay 5 0.00 0.06 0.04 0.03 0.01 -1.92
Out trial 31 0.00 1.75 0.10 0.25 0.07 6.37

Small Irvine Bay 51 0.00 0.13 0.01 0.02 0.00 1.74
Ayr Bay 18 0.00 0.53 0.10 0.14 0.03 1.30
Culzean Bay 10 0.02 0.20 0.08 0.10 0.02 -1.78
Turnberry Bay 19 0.03 0.37 0.1 0.15 0.03 -1.24
In trial 98 0.00 0.53 0.10 0.14 0.01 0.76
Machrie Bay 19 0.00 045 0.03 0.08 0.02 2.83
Carradale Bay 7 0.00 0.15 0.11 0.1 0.02 -0.15
Saddell Bay 5 0.02 0.09 0.05 0.05 0.01 -1.66
Out trial 31 0.00 045 0.10 0.25 0.07 6.37

All Irvine Bay 51 0.00 0.82 0.29 0.29 0.03 0.25
Ayr Bay 18 0.16 113 0.53 0.58 0.07 -1.33
Culzean Bay 10 0.30 0.85 0.62 0.59 0.07 -1.73
Turnberry Bay 19 0.36 141  0.81 0.78 0.07 -0.89
In trial 98 0.00 140 0.37 0.47 0.03 -0.22
Machrie Bay 19 0.23 260 0.61 0.79 0.15 1.04
Carradale Bay 7 0.38 0.92 0.68 0.66 0.08 -1.63
Saddell Bay 5 0.38 0.92 049 0.55 0.10 -1.07
Out trial 31 0.23 260 0.61 0.72 0.09 3.73

All All 129 0.00 260 043 0.53 0.03 6.72
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Table 5: Total counts of incidental organisms observed in the 2023 Firth of Clyde
survey by location in 2023.

Crab
Sandeel
Hermit crab
Starfish
Flatfish
Fish (misc)
Surf clam
Brown shrimp
Cormorant
Brittlestar
Edible crab
Eider duck
Scallop
Fish
(gurnard?)
Octopus
Pipefish

Tows within the trial area

Tows outside the trial area

Irvine  Ayr Culzean Turn- Machrie Saddell Carra-

Bay Bay Bay berry Bay Bay dale
Bay Bay

348 84 123 17 69 19 28

170 23 5 55 28 14 8

149 10 8 56 11 4 9

82 4 10 39 9 1 9

23 3 7 20 3 4 2

4 10 7 7 6 1 1

1 0 0 8 0 0 0

2 0 0 2 0 0 1

4 0 0 0 0 0 0

3 0 0 0 0 0 0

1 1 0 1 0 0 0

NA 0 0 2 0 0 0

NA 0 1 0 1 0 0

1 0 0 0 0 0 0

NA 0 0 0 1 0 0

1 0 0 0 0 0 0
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Table 6: Summary statistics for E. siliqua shell lengths (mm) based on recorded class 1
objects (fully emerged E. siliqua within video frame) comparing results from the 2017
and 2023 Ayrshire coast surveys.

Site Year n mean sd median min max skew Kkurtosis

Irvine 2017 249 167.4 274 170 108 235 0.007 -0.92
2023 863 168.5 39.5 181 17 242 -0.86 -0.10

Ayr 2017 386 157.0 314 158 67 225 0.07 -0.99

2023 593 139.8 43.0 137 51 254 0.02 -1.14
Culzean 2017 160 170.0 319 182 99 236 -047 -1.07
2023 274 1449 424 141 33 234 0.02 -0.60
Turnberry 2017 586 161.5 28.1 167 29 230 -048 0.20
2023 851 147.7 45.2 156 20 238 -0.34 -0.90
All 2017 1,381 162.2 30.0 166 30 236 -0.23 -0.56
2023 2,581 152.5 441 160 17 254 -0.38 -0.89

Table 7: Counts and percentages of different size categories (Large >= 150 mm;
Medium <= 100 mm to <150 mm; and Small < 100 mm) of whole E. siliqua within each
site comparing shell lengths from the 2017 and 2023 Ayrshire coast surveys.

2017 2023

Large size class Count Percentage Count Percentage

Irvine Bay 171 68.7 610 70.7
Ayr Bay 217 56.2 258 43.5
Culzean Bay 112 70.0 105 38.3
Turnberry Bay 385 65.7 439 51.6
Medium size class Count Percentage Count Percentage

Irvine Bay 78 31.3 180 20.9
Ayr Bay 167 43.3 200 33.7
Culzean Bay 47 294 127 46.4
Turnberry Bay 194 33.1 250 294
Small size class Count Percentage Count Percentage

Irvine Bay 0 0.0 73 8.5
Ayr Bay 2 0.5 135 22.8
Culzean Bay 1 0.6 42 15.3
Turnberry Bay 7 1.2 162 19.0
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Table 8: Tow details for Ayr coast survey (Firth of Clyde) in 2017 — these are
provided as a separate table in the Supplementary information accompanying this

report.

Table 9: Tow details for Fleet Bay, Solway survey in 2024 — these are provided as a
separate table in the Supplementary information accompanying this report.

Table 10: Summary statistics for E. siliqua density estimates (number m2) from the
2024 Fleet Bay, Solway survey. Shell length categories are: Small < 100 mm;
Medium <= 100 mm to <150 mm; Large >= 150 mm.

Size Number Min Max Median Mean SE of Kurtosis
of tows Mean

Large 16 0.11 1.65 0.77 0.77 0.09 0.65

Medium 16 0.07 1.1 0.34 0.40 0.07 0.93

Small 16 0.02 040 0.14 0.16 0.03 -0.22

All 16 0.27 2.12 1.34 1.32 0.11 -0.13
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