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Effects of fishery and
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novel multispecies pot targeting
European lobster (Homarus
gammarus), Atlantic cod
(Gadus morhua) and edible
crab (Cancer pagurus)

Sara Königson1*, Rahmat Naddafi2, Sven-Gunnar Lunneryd1,
Andreas C. Bryhn2, Kelly Macleod3 and Peter Ljungberg1

1Department of Aquatic Resources, Institute of Coastal Research, Swedish University of Agriculture
Science (Slu Aqua), Lysekil, Sweden, 2Department of Aquatic Resources, Institute of Coastal
Research, Swedish University of Agriculture Science (Slu Aqua), Öregrund, Sweden, 3HiDef Aerial
Surveying Ltd., The Observatory, Dobies Business Park, Cumbria, United Kingdom
Small-scale fisheries along the Swedish west coast are often operated by using

small vessels, targeting multiple species by means of pots and gillnets. Fisheries

using pots targeting shellfish such as European lobster (Homarus gammarus),

and edible crab (Cancer pagurus) along the Swedish west coast have a relatively

high economic value. However, gillnet fisheries targeting demersal fish are

currently diminishing primarily due to depleted fish stocks and increased seal

depredation. Small-scale fisheries are considered sustainable fisheries due to

the use of selective gears and low energy consumption. To be able to retain

and promote a sustainable small-scale fishery, there is a need to develop an

economically viable fishery, where selective, seal-safe and sustainable gear is

utilized. One potential way forward could be to develop a pot to be used for

multiple target species traditionally caught in pots and gillnets. Since both

shellfish and cod (Gadus morhua) can be caught in pots, the objective of this

work was to develop a multispecies pot targeting lobster, edible crab and cod.

Seven multi-species pots were developed and tested off the west coast of

Sweden between 2015 and 2017. The catch rate, defined as catch per pot per

day (CPUE) of lobster, edible crab and cod, was evaluated taking into regard

fisheries-related variables such as pot type, bait, soak time, seal damage and

abundance of species in the pot. The relative CPUE of lobster and cod was

highest in larger pots with two chambers and three open entrances. The

highest CPUE for lobster was 0.24 individuals per pot and the highest CPUE

for cod was 0.17 individuals per pot. Pots with entrances equipped with funnels,

preventing cod from escaping, also had a high cod CPUE (0.23 individuals per).

The CPUE of crabs was not affected by pot type. For cod, lobster and crab, the
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CPUE significantly decreased with increasing soak time. Seal damage only

occurred when cod were trapped in the pots and the CPUE of cod was higher

in pots subjected to seal damage, indicating that seals raid pots specifically

when cods are trapped inside.
KEYWORDS

pot fishery, sustainable fishery, Atlantic cod, edible crab, European lobster, catch rate,
Generalized Additive Model (GAM), Catch per unit effort CPUE
Introduction

The small-scale fishery along the west coast of Sweden has

been subjected to major changes during the past 30 years.

Atlantic cod (Gadus morhua) used to be one of the major

species targeted by fisheries along the coast. However, since

the late 20th century, the cod stocks have declined (Hentati

Sundberg, 2017; Bergenius et al., 2018). Nowadays, the main

target species in small-scale fisheries include European lobster

(Homarus gammarus), edible crab (Cancer pagurus), Norway

lobster (Nephrops norvegicus), mackerel (Scomber scombrus),

plaice (Pleuronectes platessa), witch flounder (Glyptocephalus

cynoglossus) and to a certain extent cod. Small-scale fisheries

along the Swedish west coast are often described as a fishery

where boats are operated individually, using vessels (vessels less

than 12 meters), targeting multiple species and where the catch

is sold directly to the customer or it is refined, thereby increasing

its value. Smallscale fisheries primarily use pots and gillnets. Pot

fisheries targeting shellfish such as crab and Norway lobster,

have increased along the Swedish west coast over the past 15

years. In contrast, the small-scale gillnet fishery mainly targeting

cod has decreased (Bergenius et al., 2018), primarily due to

depleted fish stocks but also increased seal depredation which

adds economic costs to the fishers. The pot fishery targeting

European lobster is important along much of the coast of Europe

(De Wit et al., 2021). In Sweden along the west coast, European

lobster is the species with the highest annual landing value

(10,000,000 SEK) followed by mackerel, labrids, edible crab

(landing value of 5,000,000 SEK) and cod (landing value of

3,750,000 SEK) (Bergenius et al., 2018).

Pots are a potential alternative to gillnets targeting cod. Pots

are considered to be a fuel-efficient type of gear that has a

minimal impact on the bottom substrate (Suuronen et al., 2012)

and can also be made species and size selective, decreasing

bycatch of non-target species or undersized target species.

Cod, similar to lobster and edible crab, can be lured into and

thereafter retained in baited pots. In the southern Baltic Sea, cod

pots have been successfully developed as an alternative to the

seal damaged gillnet fisheries for cod (Königson et al., 2015).

The main reason for this pot development in the Baltic Sea is the
02
severe depredation, mainly by grey seal (Halichoerus grypus) but

also to some extent by seabirds, in gillnet cod fisheries. Pots that

can be made seal-safe because the catch is kept in a closed

compartment framed by a solid construction and in materials

withstanding seal damage. In recent decades, the grey seal

population in the Baltic Sea has increased significantly,

resulting in a growing conflict between seals and small-scale

fisheries (Lunneryd et al., 2005; Varjopuro, 2011). On the west

coast of Sweden, the most common seal species is harbor seal

(Phoca vitulina) and their abundance has also increased

dramatically to a population size that is larger or equivalent to

that in the beginning of the 20th century (Havs och

Vattenmyndigheten, 2014; Lunneryd and Königson, 2017). As

in the Baltic Sea, the increasing harbor seal population has led to

an increasing seal and fisheries conflict, with mainly gillnet

fisheries along the west coast being subjected to depredation

by harbor seal (Lundström et al., 2010).

Even though the small-scale fisheries off western Sweden are

diminishing due to low fish stock biomasses and increased seal

depredation (Lunneryd and Königson, 2017), there is a need for

finding sustainable and seal-safe gear for a future small-scale

fishery, as this provides valuable income to coastal communities.

Small-scale pot fisheries are considered to be more sustainable

than net fisheries, as they are more selective with regards to

reducing the amount of bycatch of mammals and birds and have

smaller catches, rather than excessive catches that can be

associated with net fisheries (Suuronen et al., 2012). Therefore,

developing small-scale pot fisheries as an alternative to net

fisheries could have positive benefits for both the exploited

stocks and fishers. However, a sustainable small-scale fishery

also needs to be economically viable and the effectiveness of an

alternative pot gear needs to be demonstrated.

Small-scale fishers are dependent on fishing for multiple

target species, having different fishing seasons with different

fishing gear. Since both shellfish and cod can be caught in pots,

there is a potential to develop gear that can target both shellfish

and fish. A multispecies pot fishery would also potentially be a

more cost-effective fishery as the same gear can be used to catch

different target species, which in turn can eventually prolong the

fishing season. If the fishing season is prolonged, there are
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greater possibilities for adaptive management, taking into

account the species life cycle as part of a sustainable fishery.

Therefore, to further improve the small-scale fisheries, efforts

should be set on developing a pot that can be used for fishing

multiple target species such as European lobster, edible crab

and cod.

The most common index of abundance in fisheries work is

catch per unit effort (CPUE) and it is often assumed that CPUE

is proportional to overall population abundance (Stoner, 2004).

However, variation in CPUE is affected by multiple factors,

including fish availability to the gear (distribution over time and

space), the catchability of the gears (intended as the fraction of

an available resource that is captured by one unit of effort) and

fishing effort (Engås and Løkkeborg, 1994; Arreguıń-Sánchez,

1996; Chiarini et al., 2022).

Biotic and abiotic factors influence the catchability of baited

gears (He, 2010). Biotic factors can include the abundance of

both target species and suitable prey. Abiotic factors include

water current speed and direction, water temperature,

underwater topography, soak time, stimuli provided to attract

the fish, and various features of the pot design. All of these

factors may impact pot catchability through their impact on the

target species´ behavior, activity levels, feeding motivation and

ability to detect, locate or consume the bait (Stoner, 2004). Cod

behavior in relation to pots and factors affecting the pot catches

have been studied in the southern Baltic (Hedgärde et al., 2016;

Ljungberg et al., 2016). Cod catchability in pots can also be

explained by cod entry and exit rate (Hedgärde et al., 2016;

Ljungberg et al., 2016). Hedgärde et al. (2016) found that the

entry rate decreased with an increasing number of cod already in

the pot, and the exit rate also increased with the number of cod

in the pot. Observations carried out off the coast of New

Hampshire, United States, on American lobster (Homarus

americanus) behavior around pots, showed that only 6% of the

American lobsters that entered the pot were retained and the rest

of them escaped mainly through the entrance, suggesting that

the design of the pot entrance is important to be able to retain

the catch of lobster (Jury et al., 2002). Lobster catch in pots is

affected by pot size, bait quantity and quality, soak time, and

preventing escape through the entrance (Miller, 1990). However,

the highest lobster catches have been observed by facilitating

entry and preventing the effect of gear saturation (animals inside

traps preventing those outside from entering) (Miller, 1990). A

saturation effect occurs when the present catch in a gear reduces

its potential for additional catch including both escapement

(increased exit rate) and reduced entry (Ovegård et al., 2011).

One way of preventing saturation is to include a fish holding

chamber within the pot, a so called parlor, keeping the catch

away from the entry chamber where the bait bag is most

commonly situated. Modifying pots with selection panels or

escape vents enabling small fish and lobsters to escape can also

prevent saturation since it will only keep the large individuals

inside the pot (Ovegård et al., 2011).
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The aim of the present study was to compare the catch rate of

traditional and newly developed pot design targeting multiple

species (i.e European lobster, edible crab and cod), as well as to

evaluate biotic and abiotic factors affecting the catch rate. The

main question of interest regarding the catch rate (defined as

catch per pot per day, CPUE) of the different pots whether CPUE

was affected by: i) the type of bait (salted/fresh), ii) the effects of

the abundance of one or other of the target species (lobster/edible

crab) in the pot on the CPUE of the other target species (lobster,

cod and crab), iii) the soak time of the pots, iv) the length (in

consecutive days) of the fishing season. Additionally, the analysis

seeks to understand whether seal interactions with the pots were

related to higher CPUE of one or multiple target species.

Quantitatively understanding the variables related to higher

catch rates could inform the management of the fishery, in

regard to fishing gears to be used and fishing practices.
Methods

Pot types

The pot types used during the trials carried out in 2015, 2016

and 2017 included a traditional lobster pot and seven newly

developed multispecies pots. Three of the new pot types were

used in 2015 and the remaining four in 2016 and 2017. The new

multispecies pot types were developed in collaboration with

fishers, researchers at Swedish University of Agricultural

Sciences, Department of Aquatic Resources, and a fishing gear

manufacturer. The characteristics of the pots are described in

Table 1. The names of the pots are based on the characteristics of

the pot types (Table 1). The traditional lobster pot (C22OW) was

from the Swedish manufacturer Carapax, with a volume of 166

dm3. This pot was used in all areas and in all trials. The frame is

made of galvanized round steel covered with a polyethylene

black net material with a mesh size of 33 mm. It has two open

entrances and a parlor to prevent escapement. The volumes of

the newly developed multispecies pots vary from 198 dm3 to 621

dm3. Frames are constructed of galvanized round steel with a

covering net material of polyethylene. Mesh size varies from

22 mm to 35 mm between knots. Pot entrances are either open

or closed. The closed entrances include a funnel placed vertical

or horizontal (Figures 1A–D). Pots with open entrances were

equipped with a parlor, which is a second chamber in the pot

with entrance from the entrance chamber. None of the pots was

equipped with escape openings, in order to allow for analysis of

the total unselected catch.
Experimental set up

The study was carried out in two areas along the Swedish

west coast (Figure 2). In one of these areas (Northern [N]
frontiersin.org
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TABLE 1 The different characteristics of the pots evaluated in the study.

Year Pot Is the pot equipped with No of Type of entrance Entrance
color

Length
(cm)

Height
(cm)

Width
(cm)

Volume
(dm3)

Mesh size (mm)
between knots

Net
color

No of pots used by
fisherman in S

Bohuslän

No of pots used by
fisherman in N

Bohuslän

en 20*20
en

White and
green

110 45 40 198 35 Green 8 2

en 20*20
en

White and
green

90 60 60 324 35 Green 8 2

en 20*20
en

White and
green

90 115 60 621 35 Green 8 2

120mm White 92 40 45 166 33 Black 8 2

al funnelWhite 100 55 50 275 22 Green 12 3

120 mmWhite 100 55 50 275 22 Green 12 3

al funnelWhite 120 35 60 252 22 Green 9 1

funnel Green 120 35 60 252 22 Green 3 2

120mm White 92 40 45 165.6 33 Black 24 6

. The first letter in the pot type name reflects the type of pot used during the year of fishing. B1, B2 and B3 for pots used in 2015, T for pots used in 2016 and 2017. Pot
same order as the pot characteristics in the table, i.e., the pot used in the selected year (B1 B2 and B3, T or C), number of chambers in the pot (1 or 2), number of
of the entrance is show by W=White or G=Green. Thereby a pot fished in 2015 with 2 chambers, 3 entrances which are open will be named B123O. D*, Diameter.
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1

Fro
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e
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n
ce
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n
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rg

0
4

type parlor Yes/No
(number of
chambers)

entrances

2015 B123O Yes (2) 3 1 rectangular Op
cm, 2 Round Op
D*=150 mm

2015 B223O Yes (2) 3 1 rectangular Op
cm, 2 Round Op
D*=150 mm

2015 B323O Yes (2) 3 1 rectangular Op
cm, 2 Round Op
D=150 mm

2015 C22OW Yes(2) 2 Open round D*

2016-2017 T13CHW No (1) 3 Closed, Horizon

2016-2017 T23OW Yes (2) 3 Open round D*

2016-2017 T14CHW No (1) 4 Closed, Horizon

2016-2017 T14CVG No (1) 4 Closed, Vertical

2016-2017 C22OW Yes (2) 2 Open round D*

The characteristics in bold is used when identifying the pot and are included in the pot nam
type C is used all years and is named C for control. The names of the pot are ordered in th
entrances (2, 3 or 4), type of entrance (Open and Closed Vertical or Horizontal). The color
=

t

=

t

=

e
e
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Bohuslän), fishing was conducted by researchers from the

Swedish University of Agricultural Sciences, Department of

Aquatic Resources, an area just south of the islands of Koster

(58°49’ N, 11°02’ E). The second area (Southern [S] Bohuslän) is

situated outside the island of Hamburgö (58°32’ N, 11°14’ E), an

area with similar conditions as in N Bohuslän in regard to

bathymetry and bottom substrate (Figure 2). In this area, the

study was undertaken in collaboration with commercial lobster

fishers willing to test the newly developed multi-species pot types

targeting European lobster, edible crab and cod. The fishing was
Frontiers in Marine Science 05
conducted with the aim of maximizing lobster catch as is

normally done in commercial lobster fisheries.

In N Bohuslän, test fishing started in late September in 2015

and 2016 and continued for two months. In S Bohuslän, the

trials also started in late September in both 2015 and 2016 and

continued into spring 2016 and 2017, respectively. In 2015,

fishing was carried out using four types of pots (one traditional

lobster pot and three multispecies pots, Table 1 and Figure 1A).

In 2016, four newly developed pot types and a traditional lobster

pot were used (Table 1 and Figures 1B–D).
FIGURE 1

(A) From the left in figure A there is a traditional lobster pot C22OW, the newly developed multispecies pots B123O, B223O and B323O, used in
2015. (B) Pot T13CHW with a closed funnel entrance in white net material. (C) Pot T23OW that has three open entrances. (D) Pot T14CHW,
which have four closed, green, vertically placed funnel entrances.
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https://doi.org/10.3389/fmars.2022.985431
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Königson et al. 10.3389/fmars.2022.985431
Since fishing was not conducted by commercial fishers in N

Bohuslän, the number of pots allowed was restricted to 15 pots

(of four different types) in 2015, and 14 (of four different types)

in 2016.

In S Bohuslän, in 2015, one of each type of pot was placed in

the vicinity of each other. In 2016, five pots of at least four

different types were placed in the same area. At every fishing

occasion, two traditional lobster pots were placed in the

same area.

To increase lobster CPUE, single pots were placed in the

zone between soft and hard seabed sediment types as well as on

irregular hard bottom types, at an average depth of 20.3 m

(95 C.I ± 0.32). All pots were baited with 400 g of cut fresh or

salted herring and crushed edible crab. The pots were emptied

on average every fourth day (95% C.I ± 0.15). The catch of all

cod and lobster was counted and each lobster carapace and cod

length was measured to ensure they could be legally retained.

Only cod of 30 cm or more in length can be legally retained and

for European lobster the minimum carapace length is 90 mm. In

addition, female lobster with roe cannot be landed. Since lobster,

cod and edible crab constituted the main part of the catch (79%

of the catch in N Bohuslän) and were the commercial species of

interest, they were the only species reported in S Bohuslän,

whereas in N Bohuslän, all caught species were counted and

reported. Female lobsters and those smaller than 90 mm in

carapace length were released after measuring. Seal damaged fish

were also counted; however, only cod was found damaged by seal

except for one observation of a damaged sculpin (Cottoidea).

Soak time, position, type of bait and seal damage evident on gear

or caught fish were noted.
Frontiers in Marine Science 06
Statistical analyses

A Generalized Additive Model (GAM) approach was used to

analyze the catch rate (CPUE) of different pots in relation to

environmental and fisheries variables. GAM is a nonparametric

method that allows investigating non-linear relationships

between dependent and independent variables (Zuur et al.,

2007). GAMs employ a class of equations called smoothers:

algorithms which attempt to generalize data into smooth curves

by local fitting to subsections of the data (Beck and Jackman,

1998). GAMs have been successfully applied to analyze

environmental effects using both categorical and continuous

variables (Barton et al., 2020). Similarly, the approach was

used in previous studies to explain the variability in catches of

cod (Königson et al., 2015) and for investigating the effect of pot

type (as a categorical variable) on the pots’ CPUE (Hedgärde

et al., 2016)

In our models, the response variable was the mean CPUE of

European lobster, cod, or edible crab, and it was treated as a

function of several explanatory variables. The explanatory

variables chosen were pot type, area where fishing was carried

out, soak time, number of days after the experiment started and

number of crabs or lobsters in the pot. Different pot designs can

affect catches of both target species; soak time has been shown to

influence catches and the variation in abundance in different

areas can also affect catches (Bennett, 1974; Miller, 1990;

Addison, 1995; Königson et al., 2015; Hedgärde et al., 2016).

The number of days after the experiment started was chosen to

reflect seasonal changes. The number of days after the

experiment started can also indicate if there is a possibility to
FIGURE 2

A bathymetric map of the study areas along the west coast of Sweden including the fishing positions. Dots on the map represent the majority of
locations where pots were set out.
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decrease abundance of resident species by continuous fishing in

the area. Number of lobster and/or edible crab were included

because they are known scavengers and in other studies

intraspecific as well as interspecific interactions in pots have

shown to affect catch (Addison, 1995). Edible crab are numerous

in the area and can potentially fill up the pots.

Multicollinearity of covariates were checked first through the

examination of correlation matrix and then by the Variance

Inflation Factor (VIF) of the variables. Correlation value above

0.7 (Pallant, 2010; Aminu and Shariff, 2014) and a VIF level

above 2.5 (Johnston et al., 2018) were suggested as a threshold

for multicollinearity among covariates. In the first step, only

temperature was excluded from the model due to its high VIF

value that caused multicollinearity (see results). The number of

days after the experiment had also a high VIF value but it was

preferred to use in the model rather than temperature

(see above).

In the next step, for each species, CPUE was modelled as a

function of pot type (categorical factor, eight levels), bait

(categorical factor, two levels: fresh bait/salted bait), seal

damage (only for the cod model, categorical factor, two levels:

occurred/not occurred), area (categorical factor, two levels: S

Bohuslän/N Bohuslän), and sampling period (categorical factor,

four levels: fall 2015/fall 2016/spring 2016/spring 2017), as well

as the smoothing function of soak time, number of days after the

experiment started, and number of lobster and/or edible crab in

the pot.

CPUE data for each species contained many zero

observations. Thus, a GAM with a Tweedie distribution was

used in our study (Dunn and Gordon, 2005) since this

distribution is a potential candidate to suppress the over

dispersion of many occasions with zero catch (Shono, 2005).

To avoid overfitting the models and to obtain ecologically

relevant responses that were easier to interpret, the final

models were kept simple (Lehmann et al., 2002; Sandman

et al., 2008), with the maximum number of knots for each of

the smoothers limited to four (k = 4), allowing the smoother to

divide the response from each explanatory variable into a

maximum of three parts. A subset of predictors that provided

the best fit to the observed data was identified with the Akaike

information criterion (AIC; Quinn and Keough, 2002).

Smaller values of AIC indicate more parsimonious models

(Quinn and Keough, 2002). The differences in AIC (DAIC)
among candidate models (Burnham and Anderson, 2004); was

computed and the best model will have a DAIC of zero

(Burnham and Anderson, 2004). For the final model, the

percentage of deviance explained by a single smoothing

parameter was extracted(xi) (i.e. each covariate) by calculating

the difference in deviance explained between models with

s(xi) (for example for the first smoothing item, m < gam

(y ~ a + s(x1) + s(x2) + s(x3) + s(x4)), and without it (m1 <

gam (y ~ a + s(x2) + s(x3) + s(x4), sp=m$sp[-1])), provided that

the model parameters in both models are identical. A generalized
Frontiers in Marine Science 07
linear model (GLM) was also performed to test the factors that

best predicted the catch efficiency of different pots. For each

species, the GLM and GAM models were then compared using

adjusted R2, the amount of deviance explained, and plot of

the residuals of the each model. The analyses were performed

using the mgcv package (Wood, 2001) in the software R

(R-Development-Core-Team, 2008).
Results

A total of 2,395 pot emptyings were undertaken during four

periods (Table 2). In S Bohuslän, most pots were emptied during

the trials in the fall. The mean CPUE was also the highest during

these trials for all three species. Edible crab was the most

commonly caught species in the pots and thus had the highest

mean CPUE (mean 1.05 SD ± 1.70 edible crab per pot) while the

mean CPUEs for cod were particularly low in both areas

(Table 2). Catches of cod were generally low (mean 0.11 SD ±

0.29 cod per pot) and 65% of the cod were released and had a

length less than 30 cm (mean length 26.8 95% CI ± 1.1) length.

With regard to European lobster (mean 0.16 SD ± 0.39 lobster

per pot), 40% of the catch consisted of individuals over the

minimum carapace length of 90 mm and 23% of the catch were

females with roe.

Because the correlation value among covariates was below the

threshold value of 0.7, there was no concern about the observed

correlation (Table 3). Nevertheless, both temperature and number

of days after the experiment had high VIF levels (VIF > 2.5)

indicating the existence of multicollinearity. After excluding

temperature, VIF values were smaller than 2.5 suggesting that

there was weak collinearity among covariates (Table 4).

GAM yielded 8-10 models with different subsets of

predictors for CPUE of lobster, cod or edible crab (Table 5).

The models with the following predictors had a DAIC of zero

and provided the best fit to the observed data for each of the

target species (Table 5):

CPUE of lobster ~ pot type + sampling period + s(soak time)+

s(number of days after the experiment) + s(number of crabs in the

pot) (model 1-1)

CPUE of cod~ pot type + bait + seal damage+ sampling

period + s(soak time) + s(number of days after the experiment) + s

(number of lobsters in the pot) + s(number of crabs in the pot)

(model 1-2)

CPUE of crab ~ pot type + area + bait + sampling period + s

(soak time) + s (number of days after the experiment) + s(number

of lobsters in the pot) (model 1-3)

CPUE of European lobster slightly decreased with increasing

number of days after the experiments, soak time, and number of

edible crabs in the pot (Figures 3A-C). Both area and bait were

excluded from the final model (Table 5). The highest catch rate

of European lobster was observed for the T23OW pot

(Figure 3D). CPUE of European lobster for B123O was very
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close to that for T13CHW, T14CHW, and T14CVG but lower

than that for T23OW, B223O, B323O, and C22OW (Figure 3D).

European Lobster CPUE in fall 2015 was similar to CPUE in

spring 2016 but was significantly higher than CPUE in fall 2016

(p < 0.001) and spring 2017 (p < 0.001) (Figure 3E). CPUE in the

sampling period of spring 2017 was lower than that in the other

three sampling periods (Figure 3E). The final model with

selected explanatory predictors, the explained deviance in

CPUE data for lobster was 24% (Table 6). Among covariates,
Frontiers in Marine Science 08
the percentages of soak time and number of days after the

experiment were higher than “number of crabs in the pot” in

explaining the variation in European lobster CPUE (Table 7).

Catch rate (CPUE) for cod decreased with increasing

number of days after the experiments, soak time, and number

of edible crabs and lobsters in the pot (Figures 4A-D). Area was

dropped from the final model (Table 5). Among pots, cod CPUE

was the highest in T23OW. Pot B123O had significantly lower

cod CPUE than all pots except T14CHW (Table 6 and
TABLE 2 CPUE of species caught per pot type for each area and period.

Area Period Pot type European lobster Cod Edible crab Number of pots emptied

Mean CPUE SD Mean CPUE SD Mean CPUE SD

N Bohuslän Fall 2015 B123O 0.1 0.37 0.04 0.18 0.1 0.26 36

B223O 0.11 0.25 0.09 0.27 0.31 0.87 41

B323O 0.24 0.6 0.08 0.21 0.52 1.54 33

C22OW 0.13 0.31 0.15 0.32 0.21 0.4 40

Fall 2016 T13CHW 0.09 0.21 0.14 0.32 1.03 1.67 48

T23OW 0.24 0.49 0.06 0.22 0.68 0.99 50

T14CHW 0.08 0.15 0.15 0.38 1.93 2.7 13

T14CVG 0.14 0.26 0.23 0.53 0.83 1.17 33

C22OW 0.17 0.39 0.09 0.32 0.53 0.86 97

S Bohuslän Fall 2015 B123O 0.2 0.44 0.14 0.33 1.21 1.69 227

B223O 0.29 0.53 0.21 0.42 1.33 1.73 231

B323O 0.33 0.6 0.25 0.43 1.22 1.73 238

C22OW 0.32 0.53 0.13 0.33 1.72 1.88 218

Fall 2016 T13CHW 0.06 0.21 0.03 0.1 1.26 1.86 141

T23OW 0.13 0.25 0.09 0.19 1.36 2.43 144

T14CHW 0.05 0.16 0.02 0.08 1.53 1.88 123

T14CVG 0.03 0.07 0.04 0.16 1.3 1.54 41

C22OW 0.07 0.18 0.02 0.12 0.93 1.99 299

Spring 2016 T13CHW 0.04 0.06 0 0.02 0.44 0.2 14

T23OW 0.06 0.08 0.02 0.04 0.37 0.23 17

T14CHW 0.02 0.06 0.01 0.03 0.49 0.31 18

T14CVG 0.02 0.05 0.01 0.02 0.56 0.29 6

C22OW 0.01 0.03 0 0.02 0.44 0.24 37

Spring 2017 T13CHW 0.01 0.05 0.06 0.1 0.38 0.35 70

T23OW 0.04 0.08 0.17 0.15 0.38 0.31 75

T14CVG 0 0 0.12 0.11 0.31 0.29 5

C22OW 0.02 0.05 0.01 0.04 0.35 0.26 100
TABLE 3 Correlation among covariates. Soak time, Number of days after the experiment, Number of European lobsters in the pot, Number of
Edible crabs in the pot, Temperature, n = 2395.

Soak time Number of days after
the experiment

Number of European
lobsters in the pot

Number of Edible
crabs in the pot

Temperature

Soak time 1 0,58 -0,028 0,221 -0,38
Number of days after the experiment 0,58 1 -0,051 0,004 -0,456

Number of European lobsters in the pot -0,028 -0,051 1 -0,087 0,082

Number of edible crabs in the pot 0,221 0,004 -0,087 1 0,094

Temperature -0,38 -0,456 0,082 0,094 1
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Figure 4E). Catches of cod was higher in pots with fresh bait than

in pots with salted bait (Figure 4F). Seal damage to the pot

occurred more often when there were more cod in the pot

(Figure 4G). Cod CPUE was significantly higher only in the fall

of 2015 than the fall of 2016 (Figure 4H). The final model with

selected explanatory predictors, the explained deviance in CPUE

data for cod was 28% (Table 6). Among covariates, soak time

explained the highest percentage of the variation in cod

CPUE (Table 7).

There was a strong decreasing trend in CPUE for edible crab

with the number of days after the experiment, soak time, and

number of lobster in the pot (Figures 5A–C). The T14CHW pot

caught the highest number of edible crabs and had a significantly

higher CPUE than B123O, B223O and B323O (p < 0.001;

Table 6 and Figure 5D). Also, T23OW and T14CVG had a
Frontiers in Marine Science 09
significantly higher CPUE than B123O. The CPUE of edible crab

was higher in S Bohuslän than in N Bohuslän (Figure 5E) and

higher for pots with fresh bait than the pots with salted bait

(Figure 5F). CPUE of edible crab was lower in spring 2017 than

during other periods (Table 6 and Figure 5G). The final model

with all explanatory predictors, the explained deviance in CPUE

for edible crab was 30%. Among covariates, the percentages of

soak time and number of days after the experiment were higher

than “number of lobsters in the pot” in explaining the variation

in edible crab CPUE (Table 7).

In the GLM model, adjusted R2 and amount of deviance

explained were 0.115 and 12% for European lobster, 0.165 and

17% for cod, and 0.162 and 17% for edible crab, respectively.

These values were lower than the corresponding values in the

GAM model for all three species (Table 6). In addition, residual

plots of each model for each species indicated that the data

deviated drastically from the line (unhealthy residual plots) in

the GLM model compared to the GAM model (Appendix 1).

These results revealed that GAM was a better suited modelling

approach than GLM for this dataset.
Discussion

Commonly, the development of new fisheries focuses on a

single target species using one type of gear. However, this study

investigated the potential to develop a sustainable commercial

pot fishery targeting multiple species such as European lobster,
TABLE 4 Multicollinearity test based on Variance Inflation Factor
(VIF).

VIF VIF after excluding
temperature

Soak time 1.98 1.96

Number of days after the experiment 3.40 2.06

Number of lobsters in the pot 1.07 1.07

Number of crabs in the pot 1.30 1.30

Temperature 3.46
ST, Soak time; Nday, Number of days after the experiment, Nlobster; Number of lobsters
in the pot; Ncrab, Number of crabs in the pot; Temp, Temperature, n = 2395.
TABLE 5 Best-supported generalized additive models for factors affecting CPUE of cod/European lobster/edible crab.

Model Predictors DAIC

European
lobster

Cod Edible
crab

1 Pot type, area, bait, seal damage*, sampling period, s(soak time), s(number of days after the experiment), s(number of
lobsters in the pot) and/or** s(number of crabs in the pot)

4 2 0

2 Pot type, bait, seal damage*, sampling period, s(soak time), s(number of days after the experiment), s(number of lobsters
in the pot) and/or** s(number of crabs in the pot)

2 0 149

3 Pot type, seal damage, sampling period, s(soak time), s(number of days after the experiment), s(number of lobsters in the
pot) and/or** s(number of crabs in the pot)

- 4 –

4 Pot type, sampling period, s(soak time), s(number of days after the experiment), s(number of lobsters in the pot) and/
or** s(number of crabs in the pot)

0 38 203

5 Pot type, s(soak time), s(number of days after the experiment), s(number of lobsters in the pot) and/or** s(number of
crabs in the pot)

27 51 243

6 Pot type, s(number of days after the experiment), s(number of lobsters in the pot) and/or** s(number of crabs in the pot) 129 113 551

7 Pot type + s(number of lobsters in the pot) + s(number of crabs in the pot) – 195 –

8 Pot type + s(number of crabs in the pot) 220 201 –

9 Pot type + s(number of lobsters in the pot) – 211 961

10 Pot type 242 216 963
front
*seal damage was used only for the cod model (model equations 1-1).
**see model equations (1-1,1-2,1-3); when CPUE of cod was used as a dependent factor, both s(number of lobsters in the pot) and s(number of crabs in the pot) were included in the model
(model 1-1). When CPUE of lobster (model 1-2) or CUPE of crab (model 1-3) was used as a dependent factor, either s(number of crabs in the pot) or s(number of lobsters in the pot) was
included in the relevant model.
DAIC = difference between the AIC (Akaike Information Criterion) score for that model and the minimum AIC (2750 for cod’s model, 3173 for lobster’s model, 6818 for crab’s model). The
best model has a DAIC of zero.
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cod and edible crab. Results from this study show that European

lobster, cod and crab can indeed be caught in the same gear

when the gear is properly designed. Moreover, this study also

revealed information on environment and fisheries related

parameters that affect the catch of European lobster, cod and

edible crab, providing vital information, which is needed when

developing a sustainable pot fishery.

The catch of European lobster and cod is affected by pot size,

bait quantity and quality, and prevention of escape through the

entrance (Miller, 1990). The pot with highest catch rate of

European lobster and cod (T23OW) is larger than many of the

other pots tested and the parlor of the pot seems to prevent

European lobsters from escaping. However, this pot indeed has

an open entrance, in contrast to the funnel entrance which

effectively prevents escape. Results showed that the pot with

open entrances and a parlor increased catch rates compared to

similar pots with no parlor. This indicates that there can be a

saturation effect, as defined in the introduction. Parlors do not

only prevent caught individuals from escaping, but they also

prevent species from taking up space in the entrance chamber of

the pots. Lovewell et al. (1988) also showed that using two-

chambered pots increase the catch efficiency of lobster.
Frontiers in Marine Science 10
In the pot with highest catch rate of European lobster and

cod (T23OW), the open entrance is much smaller than open

entrances in the pots used in 2015 (B123O, B223O, B323O)

where the entrance had a diameter of 150 mm compared to

120 mm. The participating fishers hypothesized that the

entrances in the pots used in 2015 were too large and that

the catch easily escaped even though all pots had a parlor. The

results also showed that the smallest pot used in 2015 (B123O),

with a 150 mm diameter open entrance, had lower catches than a

majority of the other pot types with smaller entrances. Furevik

and Løkkeborg (1994) found that when pots are equipped with a

wider entrance, the entry rates of cod increases but so does also

the escape rate.

The medium sized pot with high catches of cod and edible

crab has funnels in the entrances preventing the catch to escape

(pot T14CVG). Ljungberg et al. (2016), demonstrated that

funnel entrances caused cod to hesitate when entering the pot

by turning before the funnel. However, the same study also

showed that pots equipped with funnel entrances increased

catch by preventing escape. The funnel but also the mesh size

of the net used in the gear can thus prevent not only the target

catch but also undersized catch from escaping.
A B

D E

C

FIGURE 3

Generalized additive model (GAM) partial dependence plots for European lobster. (A-C) Partial response curves: the x-axis represents the value
of the model independent variable whereas the y-axis represents the additive contribution of the variable to the nonparametric GAM smoothing
function. Values below zero indicate a negative effect of the variable on the CPUE. (D, E) Partial effects of pot type and sampling period on the
CPUE. The dotted line (A–E) represents the 95% confidence interval. The black lines on the x-axis represents sample size.
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Munro (1974) showed that the size of a pot can affect the

catch with an escape rate being inversely proportional to the

volume of the pot when the size of the entrance is being constant.

Larger pots generally show a higher CPUE of cod (Furevik and

Løkkeborg, 1994; Kindt-Larsen et al., 2022) and the larger the

pot, the more increase in saturation effect which has a marked

effect on the catch (Miller, 1979). The results in this study also

showed that the pot with a rather small volume (198 dm3), a

parlor and a large open entrance (diameter of 150 mm) (pot

B123O), yielded the lowest catches for all three species. On the

other hand, for the largest pot in thestudy (pot B323O), the

CPUE of all three species was not higher compared to other pots.

This could potentially be explained by a high entrance/escape

rate due to large entrance rather than a decreased

saturation effect.

The results showed increased CPUE for cod in two pots with

comparable size, number of entrances and with no parlor
Frontiers in Marine Science 11
(T14CVG compared to T14CHW), but no increase for lobster

and edible crab. The difference between pots was the color and

orientation of the entrance, with T14CHW having white vertical

entrances. The color of the entrance might have affected the

catch rate. White entrances can appear as a contrast in relation

to the surroundings. However, single colors become less visible

with increasing depth. Regarding the wave length of the light and

the depth where the pots were placed (at around 20 meters) there

might not be enough light available enabling the fish to

distinguish contrasts or certain colors. The orientation of the

funnel on the other side can affect the behavior of the catch and

in particular fish. A funnel placed horizontally forces the fish to

push up the weight of the upper part of the funnel when entering

the pot. Ljungberg et al. (2016) showed that funnels can prevent

cod from entering the pot due to the close contact with the pot

material. A funnel placed vertically enables the fish to enter the

pot without having net material in front of the fish obstructing
TABLE 6 Results of the best generalized additive model for CPUE of European lobster, cod and edible crab.

European lobster Cod Edible crab

Deviance explained 24 28 30

R2 (n) 0.2 (2395) 0.2 (2395) 0.3 (2395

Coefficients Estimate t P-value Estimate t P-value Estimate t P-value

Intercept -2.4 -16.5 < 0.001 -3.2 -18.5 < 0.001 -1.3 -12.7 < 0.001

B223O 0.4 2.4 < 0.05 0.5 2.6 < 0.05 0.2 1.6 0.1

B323O 0.6 3.4 < 0.001 0.6 3.3 < 0.001 0.1 1.1 0.24

C22OW 0.5 3.2 < 0.01 0.5 2.2 < 0.05 0.5 4.9 < 0.001

T13CHW 0.3 1 0.328 0.7 2.1 < 0.05 0.4 3.1 < 0.01

T14CHW 0.3 0.9 0.369 0.3 0.6 0.553 0.7 4.6 < 0.001

T23OW 1.1 4.5 < 0.001 1.5 4.5 < 0.001 0.4 3.1 < 0.01

T34CVG 0.4 1 0.305 1.3 3.2 < 0.01 0.5 3.2 < 0.01

Area (North of Bohuslän/South of Bohuslän) 0.9 12 < 0.001

Bait (Fresh bait/Salted bait) -1 -2.8 < 0.01 -0.9 -7.5 < 0.001

Seal damage 1.2 6.9 < 0.001

Fall 2016 -0.7 -4.1 < 0.001 -0.6 -2.4 < 0.05 0.2 2.1 < 0.05

Spring 2016 0.1 0.3 0.797 0.2 0.2 0.834 0.4 1.8 0.08

Spring 2017 -2 -5.9 < 0.001 0.1 0.1 0.887 -0.6 -4.1 < 0.001

Smooth terms edf F P-value edf F P-value edf F P-value

Day after experiments 1 33.9 < 0.001 1 14.8 < 0.001 2.7 62.8 < 0.001

Soak time 2.5 19.2 < 0.001 2.3 27.5 < 0.001 2.8 60 < 0.001

Number of crabs in the pot 2.1 7.2 < 0.001 1.9 4.8 < 0.05

Number of lobsters in the pot 1 9.1 < 0.05 1.3 7.3 < 0.01
frontie
Values in bold indicate statistical significance.
TABLE 7 Percentage of deviance explained by each covariates in the final generalized additive model for CPUE of lobster, cod, and crab.

Predictors European lobster Cod Edible crab

Number of days after the experiment 2.8 0.9 5.6

Soak time 3.8 4.6 6.3

Number of lobsters in the pot - 0.6 1.2

Number of crabs in the pot 1.6 0.9 -
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its entry. The results from this study, increased catches of cod in

pots with vertical funnels compared to horizontal funnels,

supports that observation.

For edible crab, the pot type characteristics do not seem to

affect CPUE. All pots, except the two large pots used in 2015 with

large open entrances (B223O and B323O), had a higher CPUE of

edible crab than B123O. There was no difference in CPUE of

edible crabs among the other pot types. The limited

maneuverability of the edible crabs prevented them from

escaping when they had entered the pot. Thus, having an open

entrance, a funnel entrance or a parlor did not affect the entering

or escaping of edible crab.

Regarding all three species, CPUE decreased or was stable

with increasing soak time, day after the experiment and number

of edible crab or European lobster in the pot. CPUE for all

species decreased already after the first soak day. Since the CPUE

was measured in catch per pot and day (soak time), it is not

surprising that CPUE decreased with increased soak time nor

that the extracted percentage of deviance explained by a single

smoothing parameter indicated that soak time is more

important factor explaining the variation in CPUE for all
Frontiers in Marine Science 12
species than the other evaluated factors. Bennett (1974)

showed that the maximum catches of lobster (analyzing catch

per pot) occurred after a soak time of one day. The CPUE of

crabs, however, increased with pot immersion, indicating that

the pots continued to yield catches. The difference can be

explained by the ability of the lobsters to maneuver compared

to crabs and therefore the escape rate of edible crab is most likely

not as high as for European lobster. The lower CPUE after an

extended soak time observed in the current study could be due to

the bait becoming less effective over time; as the scent of the bait

diminishes with time. Alternatively, in pots with open entrances,

lobsters and cod most likely escaped if they were unable to find

their way into the parlor. Königson et al. (2015) found that the

optimal soak time in cod pots in the Baltic Sea was six days. In

that study, however, CPUE was measured as catch per pot, not

taking into account catch per pot and day. If soak time would

have been accounted for i.e. catch per pot and day, CPUE would

most likely have been continuous the first 6 days in contrast to

the findings from this study. In additional studies, carried out in

Norwegian waters, no correlation was found between catch per

pot of cod and soak time; i.e., the catch rate did not increase with
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FIGURE 4

Generalized additive model (GAM) partial dependence plots for cod. (A–D) Partial response curves: the x-axis represents the value of the model
independent variable whereas the y-axis represents the additive contribution of the variable to the nonparametric GAM smoothing function.
Values below zero indicate a negative effect of the variable on the CPUE. (E–H) Partial effects of pot type, bait, seal damage, and sampling
period on the CPUE. The dotted line (A–H) represents the 95% confidence interval. The black lines on the x-axis represents sample size.
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increased soak time (Bjordal and Furevik, 1988; Furevik and

Skeide, 2003). In addition, saturation can start limiting catches

after only a few hours and its importance in limiting non target

species such as edible crab catches in pots is most likely larger

than generally appreciated (Miller, 1980).

Regarding the decrease of CPUE of European lobster, cod

and edible crab, with increasing numbers of edible crab in the

pot (for European lobster and cod) and number of European

lobsters in the pot (for cod and edible crab), these results indicate

interspecific interactions between species. Addison (1995)

studied interspecific interaction between European lobster and

edible crab, revealing that lobsters deter edible crabs from

entering pots. Similar to the results from this study, decrease

in CPUE of European lobster with increasing number of edible

lobster in the pot, Addison (1995) also found a negative

correlation between the number of European lobsters caught

in individual pots and the number of edible crabs in the pot.

However, that study could not determine whether it was the

increased number of crabs that affected the lobster CPUE or the

use of different bait. Importantly, the results from this study lend
Frontiers in Marine Science 13
support to the findings of Addison (1995) that an increased

number of edible crab in the pot affects the catch of lobsters

negatively and it is not dependent on the bait that is used.

All pots had high catches of edible crab, a scavenger and

predator species, and the results also showed a decrease of cod

CPUE with increased abundance of edible crab or lobster. This

observation can probably be explained by a lack of motivation

for cod to enter a pot occupied by predators or scavengers.

The reduction in CPUE for all species over the consecutive

days after the experiment started is probably due to the progress

of the season and likely fish not being present in the area any

more. Water temperatures, which tend to decrease from summer

to winter, can affect the presence of the species. For cod, low

temperatures reduce cod activity (Brown et al., 1989), thereby

reducing the possibility to enter pots and their chances of

swimming into the odor stream of the bait. Biological

processes of lobster such as being active and thereby becoming

accessible to pot fisheries and molting into a harvestable

size class (Mills et al., 2017) are processes tightly related to

water temperature (Cooper and Uzmann, 1971; Aiken, 1973;
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FIGURE 5

Generalized additive model (GAM) partial dependence plots for edible crab. (A-C) Partial response curves: the x-axis represents the value of the
model independent variable whereas the y-axis represents the additive contribution of the variable to the nonparametric GAM smoothing
function. Values below zero indicate a negative effect of the variable on the CPUE. (D-G) Partial effects of pot type, area, bait, and sampling
period on the CPUE. The dotted line (A-G) represents the 95% confidence interval. The black lines on the x-axis represents sample size.
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Aiken and Waddy, 1975; Ennis, 1984; Crossin et al., 1998). Also,

female edible crab are known to migrate over large areas while

the males move around more locally searching for females, new

habitats, prey or a response to seasonal temperature changes

(Ungfors et al., 2007) and this can give seasonal variations in

catches. However, even though it was not possible to include

temperature in the GAM due to multicollinearity, the changes of

temperature can also be reflected in the consecutive days after

the experiment started.

The use of bait can have an important role with regard to

catch success in creel fisheries (Chapman and Smith, 1978;

Siikavuopio et al., 2017). Even so, the type of bait did not have

a significant effect on lobster CPUE. However, fresh bait seemed

to attract more cod and edible crabs than salted bait. These results

are in line with earlier bait choice experiment studies were it has

been concluded that that fresh bait is chosen over stale bait

(Miller, 1990). However, salted herring is mainly used as bait

when fishing with pots targeting European lobster. In pot fisheries

targeting cod, fresh herring have shown to be the most effective

bait compared to shrimp and squid when used in the Baltic Sea

cod pot fishery (Ljungberg, 2007). Both fresh and salted bait was

added with crushed edible crab since it is known among fishers

that baiting with edible crab reduces the catch of edible crab.

Since the fishery was conducted during the main lobster fishing

season, a reduction in edible crabs in the pot was preferred to

increases in catches of lobster even though edible crab can also be

seen as a commercial target catch. The knowledge of fishers

regarding edible crab as bait relates well with the results of Moore

and Howarth (1996) who found that added crushed and

substantially fractured shore crab (Carcinus maenas)

significantly reduced the capture of conspecifics. Similarly,

Chapman and Smith (1978) revealed a reduction in catches of

edible crab when pots were baited with crushed edible crab.

Only on a few occasions, pots were subjected to seal damage.

Seal damages were more common in pots with a relatively high

CPUE of cod and did not occur in pots with no cod or low cod

CPUE, indicating that seals prefer cod to the other target species

and raid pots more often if there are cod inside the pot compared

to when there is no or little cod in the pot. Preference among

harbor seals to raid fishing gear containing favorable prey for

seals have been found in the eel fishery with fyke nets (Königson

et al., 2006).

The environment and fisheries related parameters explained

the variance in CPUE by 24 to 30% depending on species. This is

similar to the explanatory power of GAMs used in other similar

studies; for example Mitchell et al. (2014) reported that

environmental variables explained 30% of the deviance in a

model testing relationships between environmental variables

and CPUE of the blue shark Prionace glauca in the western

English Channel. Other factors that could affect pot catches

include water current, pot placement in relation to the current,

possible prey abundance in the area, and individual behavior.

These factors, and possibly other unknown factors, could affect
Frontiers in Marine Science 14
catch rate but have not been quantified and were not available

for inclusion in the model.

To be able to implement the widespread use of a new, more

sustainable gear it is important to first evaluate if the relevant

fishery can be cost effective using the new gear. Therefore, this

study has focused on evaluating pot catch rate for multiple

species. Increasing pot catch rates, decreasing seal depredation,

using the same gear for multiple species, as well as prolonging

the fishing season, can help increase the uptake of new

sustainable pots in fisheries. However, prolonging the fishing

season can potentially have other consequences (e.g. extending

fishing into spawning periods when lobsters are more

vulnerable) and should be thoroughly evaluated before being

considered as an option to compensate for reduced in-season

catches that may result from using a new gear. For lobster and

for crab, CPUE was most strongly related to the number of days

after the experiment started. This can indicate that species

abundance might actually decrease with continuous fishing

pressure in the area, thereby prolonging the fishing season

could have a negative impact on the species abundance.

Extending the fishing season can also be detrimental to other

life cycle stages but this can partly be solved by requiring all pots

to have escape openings or panels dependent on the targeted

species for the time. Today European lobster fisheries are

regulated by: seasonal opening and closure of the fishery,

limitations on gear (must have escape openings), size and

condition limits (minimum size of 90 mm and no roe) as well

as limitation on the number of gears that can be used. Cod

fisheries along the Swedish west coast are also limited by quotas,

time and area closures and regulation of gears by only allowing

certain mesh sizes at specific depths.

For this study, the CPUE of the total number of European

lobster, cod and crab was chosen as a variable in the GAM, and

size of the species was not taken in consideration. However,

when evaluating the catch composition, the caught cod was

found to be mainly undersized, which indicates that there is a

need for including escape panels to prevent undersized cod from

being caught. If needed, in pot fisheries, it is also possible to

restrict the entry of large cod by limiting the size of the entrance.

Altogether, results from the study shows the possibility for a

fishery targeting several species using the same multispecies pots.

The fishing season could technically be prolonged over several

fishing seasons, however this might increase the impact on

populations of target species. The study also revealed

information on which pot characteristics could influence

CPUE of the three target species. If for example when

targeting European lobster and cod, a large pot with two open

entrances and a parlor generates the highest CPUE. Pots with

entrances equipped with funnels, preventing cod from escaping,

also yielded a high cod CPUE. Instead edible crab CPUE, was

not affected by pot type. The results from this study could be

used to further improve and develop an adaptive and sustainably

small-scale fishery using selective pots.
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