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Summary
This report covers work which was undertaken with Kent & Essex IFCA. Our aim
was to sample whelk populations from each of the four commercially important
whelk fishing areas within Kent & Essex district. Fishermen collected samples of
250 random individuals from each area for analysis which were not riddled, to
allow us to retain the full catch. The whelks were weighed, measured and
checked for maturity.
• Size at maturity at each site for both males and females ranged between
45.3 mm – 56.1 mm shell length.
• All size-at-maturities were above the 45 mm Minimum Landing Size (MLS),
raising concerns about the effectiveness of the MLS.
• All sampled whelks were aged using their statoliths (small balls of shell
material in the nervous system), which contain annual growth rings like
trees.
• It appears that whelks from all sites reach the minimum landing size of 45
mm at 2 – 2.7 years old. At this size, a large proportion of the population
is still immature, even the mature animals at this size have likely not
reproduced.
• With the increase in riddle size within Kent & Essex waters to 25 mm, a
much greater proportion of the population is protected.
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1. Introduction
A common problem facing fisheries scientists who study whelks is that it is difficult to find out
the age of an individual animal. If the age and size of a range of whelks from a single site or
population are known, we can begin to make estimates about the population itself, such as
the number of young and old whelks and how fast they grow to a certain size (their growth
rates). These estimates can help understand several things about a population, including how
fast individuals grow, how long it takes them to reach maturity, and how populations change
over time in response to impacts such as fishing pressure and changes in the environment.
Previously, people have tried to age whelks using the operculum (crust) which sometimes has
growth rings, like a tree. Using the operculum was found to be very difficult as the rings are
often too difficult to read or are not present. More recent work at Bangor University has
focussed on developing a better, more reliable method to age whelks, using something called
the statolith. The statolith is a small round (less than 0.5 mm) ball of calcium carbonate (the
same material the shells are made from) in the whelk’s body, which is connected to its
nervous system. Statoliths let the whelks sense gravity so they can orientate themselves on
the seabed. The work at Bangor has shown that growth rings in the statoliths, similar to those
in a tree trunk, are formed annually in the winter when the water temperature drops and
growth slows down (See Figure 1; Hollyman et al., 2017a). This was done by growing whelks
in the laboratory for two years and finding two growth rings in the statolith. Chemical analyses
of the statolith rings were also undertaken, which found clear chemical cycles that match the
growth rings, supporting the argument that the rings are annual (Hollyman et al., 2017b).
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Figure 1. Microscope images of statoliths from 4 different whelks of different ages. a – 2 years old, b 3 years old,
c 4 years old and d 5 years old. The rings labelled HR are the hatching rings which form when the whelks hatch
from their egg cases.

As well as the age of individual whelks, it is also important to understand the size and age that
whelks reach maturity in a population. The Minimum Landing Size (MLS) for whelks is set
based upon the size at which 50% of a population reaches maturity (known as L50). This is a
common way of setting a MLS for a fishery. It is a general rule that it is good practice to let
every individual breed at least once before it is removed from a population. The use of L50 is
a middle ground between waiting for every single animal to reach maturity and reasonable
fisheries restrictions which keep the fishery financially viable. However, at this size, 50% of
the population are still immature, even though they are at or above the legal limit for landing.
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This problem is made worse as size-at-maturity for whelks is extremely variable between
populations (Haig et al., 2015; Hollyman, 2017). This means that in many places, the EU-wide
MLS of 45 mm shell height does not protect the populations, because the L50 of the population
is far higher than 45 mm. Furthermore, because whelks only breed once per year, if they are
caught before they have reproduced, they may be mature and sizeable but will not have
contributed to the sustainability of the species. Additional fisheries management measures
have therefore been adopted by Regulators, e.g. Eastern IFCA have set a MLS of 55mm for all
whelks landed in their district, together with a byelaw requirement for a 24mm riddle &
24mm escape holes. Sussex IFCA require their permit holders to use a 25mm whelk riddle .
Within the Kent & Essex IFCA district in 2017, riddle bar spacings were increased from 22 mm
to 25 mm, along with an increase in the number of escape holes in each whelk pot to a total
of 10. These measures were put in place to protect the populations of whelks within Kent &
Essex waters from potential unsustainable fishing, as declines in catches have been observed
in other areas of the UK. The aim of this study was to use statolith growth rings to age a
portion of whelk populations from 4 key areas in Kent & Essex waters. We could then use the
statolith age information to work out size-at-age for whelks in each population, as well as age
at maturity. At the same time, we aimed to calculate the size at maturity for each population
(by constructing what is called a growth curve) to see how this compares to the MLS of 45
mm shell length. It is hoped that this study will feed into current management discussion with
a view to improving understanding and monitoring of whelk stocks within the Kent & Essex
IFCA region, and to understand how the increased riddle sizes relate to the populations of
whelks within each area.

2. Methods
2.1 Sample collection
Samples of 250 whelks were collected from one site in each of the four KEIFCA whelk fishing
regions (see Figure 2) in June 2017 (total 1000). This was possible thanks to four fishermen
(one from each area) who kindly agreed to collect the samples and pass them to Kent & Essex
IFCA. The samples were not riddled so that we kept all small (juvenile) whelks which were
below the minimum landing size. The aim was to get a good range of sizes at each site so that
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we were able to work out the ages of many different sized whelks. The collection of small and
large individuals is necessary to construct reliable estimates of size-at-age. Collected whelks
were frozen to preserve them for analysis. The frozen samples were then shipped to Bangor
University where all of the processing was undertaken between July and August 2017.

Figure 2. A map of the four Kent and Essex IFCA regions.

2.2 Maturity estimations
Frozen samples were thawed and several key measurements were taken using Vernier
callipers (size measurements such as shell length and minimum shell width [see Figure 3] and
weight measurements such as total weight, body weight and gonad weight). We then looked
to see if each whelk was mature (able to reproduce) or immature (Haig et al. 2015; Hollyman
2017). We used these data to calculate the size at maturity for males and females in each
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population. We also calculated the minimum shell width at 45 mm (the legal MLS) for each
population. The minimum width is the narrowest part of whelk shell, making it the most
important measurement when setting riddle spacings, as it will control whether or not the
whelk passes through the riddle.

Figure 3. Size measurements taken from each Buccinum undatum shell using Vernier callipers.

2.4 Age determination
Following maturity estimation, the statoliths from each whelk were removed and mounted in
resin on a microscope slide (Hollyman et al. 2017a). The mounted statoliths were then
analysed under a microscope, counting the number of annual growth rings to estimate the
age of each animal. These data were processed using a program called FISHPARM (Prager et
al., 1994) to calculate the growth curves for each population.

3. Results
All whelk samples were collected and processed fully within the expected timeframe, all
samples were well preserved, and all collected data were used in the analyses.

3.1 Minimum shell width
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The first main finding looks at the relationship between the shell length and the minimum
shell width. This is important for understanding how minimum landing size relates to the
riddle spacing regulations, Figure 4 shows this relationship. Overlaid on the plot are lines
which highlight the minimum shell width at the Minimum Landing Size of 45 mm shell length.
The first main finding looks at the relationship between the shell length and the minimum
shell width. This is important for understanding how minimum landing size relates to the
riddle spacing regulations, Figure 4 shows this relationship. Overlaid on the plot are lines
which highlight the minimum shell width at the Minimum Landing Size of 45 mm shell length.
The results of this are shown in the table inset in the graph. These range from 20.67 mm to
21.6 mm minimum shell width. This does not mean that the riddle sizes should be reduced,
only that these are the sizes which correspond to the current MLS for each area. The shell
length that corresponds to a riddle size of 25 mm for each area, 54 mm in Area 1, in Area 2
it’s 53 mm, in Area 3 it’s 54 mm and in Area 4 it’s 55 mm. The following maturity studies
suggest the increase in riddle sizes much more effectively protects the populations in Kent &
Essex waters than the older 22 mm riddle size.

3.2 Size at maturity
The proportion of mature whelks in each area was very different, in Area 1 only ~20% of the
catch was immature (see Figure 5). In Area 2 ~40% of the catch was immature, in Area 3 ~55%
was immature and in Area 4 ~50% was immature.

Figure 5. The proportion of the catch from each area which was mature (black bars) and immature
(red bars).
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Figure 4. The relationship (lines of best fit) between Shell Length (mm) and Minimum Shell Width (mm) for each of the 4 areas. The vertical and horizontal lines show the
minimum shell widths for whelks in each area at a shell length of 45 mm. The results of this are shown in the inset table.
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The bar plots (frequency histograms) shown in Figure 6 present the number of mature and
immature whelks of each size within each Area. Red portions of bars are immature whelks
and black portions of bars are mature whelks. The size used here is minimum shell width, this
allows us to directly overlay potential riddle sizes so that we can see how riddle changes may
affect catches. The blue dotted lines on each plot show a riddle size of 22 mm, the green
dotted lines show a riddle size of 25 mm. Any whelks on the left had side of the lines would
pass through the riddle and be discarded. Anything on the right would be kept. It is clear that
with just a 3 mm increase in riddle size, a significantly higher portion of immature whelks are
protected and put back into the population. However, as has previously been discussed at
several Authority meetings, riddles are not 100% accurate at sorting whelks due to their
conical shape, and therefore these calculations should be interpreted as a good indication
rather than exact results.
Minimum landing sizes are calculated by working out the site at which 50% of the population
becomes mature. The data shown in Table 1 show the shell lengths and minimum shell widths
at 50% (L50) and 95% (L95) total maturity for each population. The data has been split into
males and females and it is also shown for the population as a whole. There are clear
differences between areas, with Area 1 having the lowest values, closest to the MLS of 45
mm. The other three areas have L50 values higher than the MLS, meaning that higher portions
of the population are not protected.
Figure 7 shows the change in the % maturity with increasing size for combined males and
females from each Area. The blue lines highlight 50% maturity. As the size of the whelks
increase, it is clear that the number of mature animals within the population also increases.
The data does not reach all of the way to 0 as samples were only available down to ~40 mm
in most areas.
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Figure 6. Bar plots showing the number of mature (black) and immature (red) whelks of each size (Minimum Shell Width – mm) in each area. The blue lines represent a 22
mm riddle size and the green line represents a 25 mm riddle.
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Table 1. The sizes at 50% and 95% population maturity for all four areas. Data are shown for males and females
separately as well as combined together. Sizes are shown as shell length (mm) and Minimum shell width (mm).
Shell length (mm)
50% mature
95% mature

Site
A1

A2

A3

A4

Minimum Shell Width (mm)
50% mature
95% mature

Male

44.7

59.1

20.90

27.29

Female

45.7

58.7

21.35

27.11

Combined

45.3

58.9

21.17

27.20

Male

55.5

66.9

26.03

30.83

Female

56.6

68.3

26.49

31.42

Combined

56.1

68

26.28

31.29

Male

50.6

68.2

23.36

31.17

Female

51.6

65.6

23.80

30.01

Combined

51.1

66.7

23.58

30.50

Male

47.4

62.1

21.73

28.24

Female

52.3

63.6

23.90

28.91

Combined

50.1

64.4

22.93

29.26
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Figure 7. Bar plots presenting how % maturity changes with size (Shell length – mm) for each Area. Red portions of bars represent the immature whelks whilst black
portions represent the mature whelks. The blue horizontal line highlights the 50% mark which is key for setting a sustainable MLS.
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3.3 Age and growth rates
For each of the four areas, a growth curve was calculated. This was done by ageing all 250
whelks samples from each area, we can then compare the age of each whelk to its size and
calculate a ‘line of best fit’ through the data, Figure 8 shows how we do this.

Figure 8. A growth curve calculated for Area 1. Each blue dot represents the size (shell length) and age (years)
of an individual whelk. The black line is the line of best fit (growth curve) fitted through the data.

We can then compare these growth lines between populations (or areas) to see how the
growth rates differ. Figure 9 shows the growth curves from all 4 areas, the size data used in
this graph is the minimum shell width. A matching plot using the shell length can be found in
the supplementary materials.
Using this data, it is also possible to work out how long it takes whelks to reach certain
milestones such as the MLS of 45 mm shell length or L50, this data is summarised in Table 2.
It is clear that it takes whelks up to a year longer to reach the critical stage of L50 than the
current MLS protects. However, the riddle size of 25 mm does a much better job of protecting
these animals.
Table 2. The time taken (in years) to reach key sizes and life stages for each of the four areas.

Time taken to reach 45 mm
Time taken to reach riddle size of 25mm
Time taken to reach L50

Area 1
2.7
3.9
2.7

Area 2
2
2.5
2.7

Area 3
2.5
3.4
3

Area 4
2.4
4
3
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Figure 9. Growth curves for each of the four Areas. Age (in years) is plotted against Minimum shell width (mm), this allows us to see how the minimum width (and therefore
riddle effectiveness) changes over time. The vertical and horizontal lines highlight the sizes of whelks in each area at years 1, 2 and 3.
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On top of each growth curve in Figure 9, solid, dotted and dashed lines highlight the size-atage for Years 1, 2 and 3 respectively. This data is summarised in Table 3. Also in this table is
the size-at-age data for shell lengths and the estimated % maturity for each year. Highlighted
in bold is the fact that by year 3, the minimum shell width closely resembles the old riddle
size of 22 mm (apart from in Area 2 which had slightly faster growth rates). By year 4 it is clear
that the increased riddle size of 25 mm is protecting a much greater percentage of the
immature population. It is also clear that by waiting for the whelks to increase in size, by Year
3 the % maturity has more than tripled in comparison to Year 2. This increases again in year
4 with an extra 13 – 22% maturity from Year 3 to Year 4.

Table 3. A summary table of whelk sizes (Shell length and minimum shell width in mm) for years 1, 2 and 3. The
% maturity of each area at each year is also included in the table. Numbers in bold show that at year 3 the
Minimum shell widths correspond well to the old riddle size of 22 mm and by year 4 they are much closer to the
new riddle size of 25 mm.
Year 1
Area
1
Area
2
Area
3
Area
4

Measurement

Size

Shell length

20.6

Minimum shell width

10.2

Shell length

23.1

Minimum shell width

12.4

Shell length

20.2

Minimum shell width

9.9

Shell length

21.5

Minimum shell width

10.3

% mature
3.0
0.0
2.0
0.0

Year 2
Size
36.6
17.3
45.2
21.7
38.3
17.9
40.1
18.5

% mature
20.0
17.0
10.0
13.0

Year 3
Size
48.1

22.4
59.2

27.6
51.0

23.5
50.4

23.1

% mature
62.0
72.0
55.0
50.0

Year 4
Size
54.7

25.3
66.1

30.5
58.1

26.7
54.9

25.0

% mature
80.8
85.8
76.0
64.8

Whilst the maturity at Year 3 (which is closest in size to a 22 mm riddle) is above the 50%
threshold, the number of animals which will have reproduced by Year 3 is low. If the animals
are caught before the reproductive season is finished (August – October) the animals will not
have bred, this is shown in Figure 10. By waiting until year 4 (which is closest in size to the 25
mm riddle) the number of animals which have reproduced has increased significantly to 50 –
72% (the % maturity at year 3). Similar data is shown in Figure 11 which shows the average
number of whelks which have reproduced in each area, based on % maturity at each age.
These do not reflect animals which have definitely reproduced, only the % likelihood that they
have. This is the same data shown in Figure 6 , of the frequency of whelks in each size class.
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Figure 10. Bar plots showing the % maturity in each area for years 2, 3 and 4 (a) and the % of whelks that will have reproduced each year, based on how many were mature
the year before (b).
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Figure 11. Bar plots showing the number of whelks which have likely reproduced (green) and animals which have likely not reproduced (grey) for each size (Minimum Shell
Width – mm) in each area. The blue lines represent a 22 mm riddle size and the red line represents a 25 mm riddle. The animals shown here to have reproduced are only
presumed to have done so based on the % maturity in each year (from Figures 9 & 10), this does not mean they definitely have.
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4. Discussion and conclusions
This study successfully determined the size-at-maturity and size-at-age for a single population
of whelks within each of the four Kent & Essex IFCA whelk fishing areas. Using the relationship
between shell length and minimum shell width for each population, we were able to show
that the increased riddle size of 25 mm effectively increases the smallest animals caught from
~47 mm shell length to ~55 mm shell length for all four Areas. With the subsequent maturity
and age studies, this increased riddle size was shown to be much more effective at protecting
the whelk populations within Kent and Essex waters.

4.1 Maturity
We found that the size at maturity differs between sites, with Area 1 having the lowest L 50
values at around 45 mm shell length, very close to the Minimum Landing Size (MLS). The other
three Areas had L50 estimations between 5 and 10 mm larger than those from Area 1. It is
unclear why this was the case, it is possibly due to the low proportion of immature whelks
found in Area 1 which may have affected the L50 calculations.
The L50 values which were calculated for Minimum Shell Width (right hand size of Table 1)
highlight that the current riddle size of 25 mm properly protects the whelks from Areas 1, 3
and 4 with the combined L50 from Area 2 only being 1.28 mm higher than the riddle size (26.28
mm). The riddle size of 22 mm did not fully protect each population. The shell length to
minimum shell width ratios shown in Figure 4 highlight that for a MLS of 45 mm, the riddle
sizes should be around 21 mm for each area. However, the findings from the maturity study
do not agree with this, as the L50 for most of the areas is well above 45 mm shell length. Figure
6 also visually shows that the increase in riddle size protects a much larger proportion of
immature whelks in each Area.

4.2 Size-at-age
For each area, a growth curve was calculated from statolith ages which allowed us to estimate
the average size-at-age for key ages (Figure 9). With this, we have been able to show that it
takes between 2.7 and 3 years for the whelks to reach the L50 calculated at each site, which is
close to the time it takes the shells to reach a minimum shell width of 25 mm (Table 2). We
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were also able to show that at Year 2, whelks in each area range from 36.5 – 45.2 mm long
and between 10 and 20% of them are mature. By waiting another year, the maturity rate
more than triples at each site and the whelks are now above the MLS. It also shows that at
the Year 3 mark, the minimum shell width in Areas 1, 3 and 4 is roughly 22 mm, corresponding
with the old riddle size. By Year 4, the maturity rates have greatly improved again and the
minimum shell width now corresponds well to the new riddle size of 25 mm.
One final concern deals with the sudden jump in % maturity from Year 2 to Year 3, seen in
Table 3. Whilst at Year 3 the whelks are now well above the MLS and L 50 for each area, it is
highly possible that whelks of this size will not have had a chance to breed. Whelks generally
breed during the summer (July – September) and lay eggs soon after (October – November),
this changes depending on the location but it is roughly similar throughout the UK. Mature
whelks at Year 3 (roughly 22 mm riddle size) which are caught before the breeding season will
likely NOT have reproduced before, because in the previous year (Year 2) only 10 – 20% of
the whelks were mature. This situation greatly improves when we look at Year 4 (roughly 25
mm riddle size) as the total percent of mature whelks has increased to 64 – 85%. This means
that the increase in riddle size from 22 – 25 mm does a good job of protecting the immature
portion of the whelks in each area by allowing the whelks roughly an extra year to grow,
mature and reproduce.

Summary
•

The size at maturity for whelks from all areas ranged between 45.3 and 56.1 mm shell
length (or 21.17 – 26.28 mm shell width).

•

The increased riddle size of 25 mm does a much better job of protecting the
populations based on the size at maturity.

•

It takes between 2.7 and 3 years for the whelks to reach maturity, it takes them slightly
longer to reach a riddle size of 25 mm (2.5 – 4 years).

•

The number of mature whelks drastically increases from Year 2 to Year 3 and again
from Year 3 to Year 4.

•

Although at Year 3 the animals may be mature, they will likely have not reproduced if
they are caught before the breeding season.
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•

By waiting until Year 4, 50 – 78% of the whelks will have had the opportunity to
reproduce. The size at Year 4 is also very similar to the new 25 mm riddle size. Meaning
it is much more effective at protecting immature whelks and animals which have not
reproduced.
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Supplementary materials

Supplementary Figure 1. Growth curves for each of the 4 Areas. Age (in years) is plotted against Shell length
(mm), this allows us to see how the shell length changes over time. The vertical and horizontal lines highlight
the sizes of whelks in each area at years 1, 2 and 3.
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