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Abstract

Human activities have a major effect on the world’s ecosystems including the marine
environment, where harvesting practices often target individuals based on specific traits,
resulting in selective fishing. This selective pressure has the potential to induce changes in the
behavioural, morphological, physiological, and genetic composition of marine populations.
Understanding the selectivity is important for understanding the consequences of different
fisheries. The declining Norwegian catches of European lobster have led to the
implementation of lobster reserves all along the Norwegian southern and western coast. These
no-take zones have given researchers the opportunity to study lobster populations in the
absence of selective fishing. As a part of a monitoring program, an annual trap survey has
been conducted in Flgdevigen lobster reserve since 2004. However, the much higher density
of lobsters in the reserve area has raised concerns about the catchability and its effect on
monitoring results. In this thesis, catch data from one year of the annual lobster survey is
compared to a stand-alone fishing survey using a higher trap density and restraint of lobsters.
This comparison aims to see how fishing with a different method influences the catches.
Additionally, a behavioural experiment in the laboratory investigates the relationship between
crusher claw size and behaviour in male lobsters. As males grow larger claws inside the
reserve, it has been hypothesized that males with large claws have a higher catchability
because of their behaviour. Results indicate that fishing with a higher trap density and
restraint of lobsters leads to reduced catch per unit effort (CPUE,) decreased mean total
length, a higher proportion of berried females and larger relative claws for both males and
females. However, the behavioural experiment revealed no effect of claw size on behaviour.
Behaviours tested were time spent in shelter, number of times entering shelter, activity,
position in tank and reaction to a food box. Nonetheless, there was a notable individual
behaviour among lobsters, by significant repeatability for lobster ID for all behaviours tested.
These findings suggest that fishing with different methods can result in catches with different
demographic compositions from the same population. Furthermore, lobsters show consistent
individual behaviour in relation to shelter usage, activity, position in the tank, and reaction to

food, which likely influence their attraction to baited traps and ultimately the catchability.
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1 Introduction

Human activities have major effects on the world’s ecosystems (Vitousek et al., 1997),
and the marine environment is no exception. Humans can be considered a super-predator, as
humans take out more marine species than all marine predators added together (Darimont et
al., 2015). Marine harvesting is selective, as fishing will often remove individuals based on
certain properties. For example, fishing for Sockeye salmon with gillnets in Alaska favours
salmon with a certain size and shape (Hamon et al., 2000). Selective fisheries affect more than
just the morphology, for example fishing selecting for larger individuals of Zebra fish resulted
in earlier maturation, a smaller body size and a higher energetic investment in reproduction
but lower fecundity (Uusi-Heikkil et al., 2015). In contrast it has been found that net fishing
of Atlantic salmon resulted in later maturation and a larger body size at maturation, however
fishing of capelin, a salmon prey species, resulted in earlier maturation and a smaller body
size of salmon (Czorlich et al., 2022). Fishery induced selection can also select for certain
behaviours, for example, it has been found that fishery can affect schooling behaviour,
making smaller groups more common (Guerra et al., 2020). Fishing have also been found to
indirectly select for growth rate, through selection of behaviour as cray fish with a consistent
bold behaviour type and a higher growth rate has been found to have a higher catchability
(Biro & Sampson, 2015) Harvest selection can alter the genetic composition in a population
by selecting for certain genotypes (Biro & Post, 2008). Rainbow trout with a bold and fast-
growing genotype has been found to have a higher chance of being harvested compared to
trout with a shy and slow growing genotype (Biro & Post, 2008).

Overall understanding how fishery selection acts on species is important for fisheries
management. Several common fishery policies have been found to result in disruptive
selection, however the likelihood of this depends on the life history of the species (Landi et
al., 2015). Evolutionary changes caused by selective fisheries can be reversed, although it
could take decades (Conover et al., 2009). This underlines the importance of understanding
how fisheries select for different traits, and how this affects the population of the species and
species community.

The European lobster (Homarus gammarus) is currently categorized as vulnerable on
the Norwegian red list, due to a decline in the national population size (Tandberg et al., 2021).
It is a species under high fishing pressure from both recreational and commercial fisheries

(Kleiven et al., 2012), and it is a species of commercial importance and public interest.



The population decline of European lobster, and a global interest for marine protected areas,
motivated the establishment of the first three lobster reserves in Norway in 2006 (Knutsen et
al., 2022). Since then, additional lobster reserves have been implemented, and there are
currently more than 50 lobster reserves along the Norwegian coastline (Forskrift om
fredningsomrader for hummer, 2024, § 5; Knutsen et al., 2022). These reserves are no-take
zones for lobsters, as all fishing with nets and traps are forbidden. However, fishing with hook
and line is allowed (Moland et al., 2013). An annual trap-based monitoring program
investigate the effect of the reserves. Although lobsters are the main target for protection,
several other species also benefit from the protection (Moland et al., 2021). Cod, brown trout
and goldsinny wrasse have all become more abundant compared to control areas (Moland et
al., 2021).

These lobster reserves have granted researchers the opportunity to study lobsters were
fishery induced selection is absent. Research from the reserves have found that there is a
higher density of lobsters in the reserves, the lobsters grow bigger and faster. And in addition,
male lobsters grow bigger crusher claws compared to lobsters in non-protected areas
(Serdalen et al., 2020, 2022). This have given new insights to how the Norwegian population
of lobster is affected by trap fishing.

The probability of catching fish and crustaceans in a trap is a function of abundance
and catchability. Therefore, understanding the catchability of a species is necessary to
calculate the abundance (Tremblay & Smith, 2001). Several factors have been found to affect
the catchability of crustaceans, for example temperature, lunar cycle, sex, size, season, and
moult stage (Goiii et al., 2003; Hewitt et al., 2023).

There has been a concern that as the density of lobsters are becoming high in the
reserves, differences in catchability and the selectivity of the traps play a bigger role, and the
results of the annual monitoring survey might not fully represent actual lobster demography
and density. It is well established that traps are size selective (Miller, 1989). As lobsters in the
reserve became bigger, it was decided to include bigger traps as a part of the annual survey in
addition to the standard sized traps. This was implemented in 2016. However, in 2022 a study
found that adding even larger fish traps resulted in higher catches of large male lobsters
(Helms, 2023). The largest lobsters in the reserves were too big to enter both the standard
sized traps and the bigger traps used in the annual survey, especially large males with large
claws. However, these males were caught in the large fish traps and clearly showed that the
size of the gear and/or entrance is correlated to the size of the individuals being caught
(Helms, 2023).



There is also evidence that behavioural interactions around the traps could influence
the catch. For example, it has been found that pre-stocking traps with lobsters reduces the
catches (Addison, 1995). This suggests that the presence of a lobster reduces the probability
that a new lobster will enter the trap. For spiny lobsters, traps loaded with large individuals
reduced the catches of smaller individuals (Tuffley et al., 2021). A study done on American
lobsters, saw that many lobsters interrupted their approach to the traps due to agonistic
encounters (Karnofsky & Price, 1989). The same was observed in another study, were 89% of
entries ended up as half entries, where the lobster retracted before fully entering, when
another lobster were present in the trap (Jury et al., 2001). In comparison when there was no
lobster in the trap, only 34 % of entries ended up as half-entries (Jury et al., 2001). Clawed
lobsters are known for being hierarchical and aggressive animals, where subdominant lobsters
will pull away from dominant lobsters (Skog, 2009). Dominant lobsters will likely scare off
subdominant lobsters. There are several factors determining the dominance of lobster. Some
examples are size, claw size, moulting stage, and sex. Generally bigger lobsters with bigger
claws are dominant, males are dominant over females, and newly moulted individuals can
lose their dominance to another previously subdominant individual (Atema, 1986; Bruce et
al., 2018; Karnofsky et al., 1989).

A high density of lobsters in Flgdevigen reserve could potentially mean that there is
many lobsters approaching each trap, however if dominant lobsters are scaring off
subdominant lobsters, they could be overrepresented in the results. If subdominant lobsters
are prevented from entering the traps, this could also mean that the traps become “full” and
the CPUE stagnates even though the population density continues to increase.

Male lobsters within the reserve grow larger crusher claws compared to their body
size, which have also been found to be a sexually selected trait (Sgrdalen et al., 2020; 2018).
These results indicate that relative claw size is linked to catchability. This is supported by the
findings of Moland et al. (2019) who found that males with higher relative claw size have a
higher chance of being harvested. It is well known that behaviour and catchability is related
(Biro & Sampson, 2015), it is possible that lobsters with larger claws have a different
behaviour making them more attracted to traps or more likely to enter traps. Although claw
size in lobsters have been studied in relation to aggressive behaviour (Bruce et al., 2018) it is
little research investigation the relationship between claw size and non-social behaviour.

For American lobsters, trap approaching rates and capture rates have been found to
vary greatly between individuals (Karnofsky & Price, 1989). This suggest that individual

behaviour also determine the catchability. Lobsters have been found to display a consistency



in their behaviour in the wild when it comes to home range, mean depth, depth amplitude and
their cumulative distance moved (Moland et al., 2019). This supports the hypothesis that
lobsters have individual behaviour that could affect their catchability. Although there is done
several studies on behaviour of lobsters, few studies have investigated if lobsters have

consistent individual behaviour.

1.1 Aim

The lobster no-take areas monitoring program utilizes a trap survey methodology,
relying on CPUE (Catch per unit effort) and size distribution data to evaluate the effects of the
reserves (Knutsen et al., 2022; Moland et al., 2022). By comparing the catch data from the
monitoring survey with results from a fishing experiment using higher trap density and the
retaining caught lobster, | aim to discern how this influences the catch metrics of body size,
relative claw size, sex and CPUE. Additionally, this study aims to investigate consistent
individual behaviour and explore potential relationships between behavioural and
morphological traits through laboratory-based behavioural experiments. Specifically, | seek to
investigate whether variations in behaviour can be attributed to morphological traits (claw
size) and whether male lobsters exhibit individual behavioural patterns.

Field experiment
CPUE:
HO: There will be no difference in CPUE between the two fishing experiments.
H1: There will be a lower CPUE in Week 2.
Body size:
HO: There will be no difference in size of lobsters between the two fishing
experiments. Size of lobsters will remain the same throughout the fishing period.

H1: Lobsters will be smaller in the second fishing experiment and the mean size of the

lobster catch will decrease during the four fishing days.
Relative claw size:

HO: There will be no difference in relative claw size between the experiments.

H1: Male lobsters in Week 1 will have a bigger relative claw size than lobsters in
Week 2.

Sex:
HO: There will be no difference in the ratio between males, females, and egg-bearing

females.



H1: There will be a higher proportion of egg-bearing females in Week 2 compared to
Week 1.
Behavioural experiments
Time in shelter:
HO: Lobsters with different crusher claw index will have the same behaviour.
H1: Lobsters with a higher crusher claw index will spend less time in shelter.
Entering shelter:
HO: Lobsters with different crusher claw index will have the same behaviour.
H1: Lobsters with a higher crusher claw index will enter the shelter fewer times.
Activity:
HO: Lobsters with different crusher claw index will have the same behaviour.
H1: Lobsters with a higher crusher claw index will be more active.
Position in tank:
HO: Lobsters with different crusher claw index will have the same behaviour.
H1: Lobsters with a higher crusher claw index will spend more time away from the
wall.
Reaction to food box:
HO: Lobsters with different crusher claw index will have the same behaviour.
H1: Lobsters with a higher crusher claw index will react more to the food box.
Individual behaviour:
HO: Lobsters will not have a consistent individual behaviour.

H1: Lobsters will have individual behaviour.
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2 Methods

2.1 Study site

The study has taken place at the research facility of the Norwegian Institute of Marine
Research (IMR) in Flgdevigen, Arendal (Figure 2). The fishing experiment was done in
Fladevigen lobster reserve. Flgdevigen lobster reserve was established in 2006 for research
purposes. All types of fixed gear are banned, only hook and line are allowed fishing methods,
(Knutsen et al., 2022). Flgdevigen lobster reserve is monitored every year by an annual
fishing survey, that also monitors a control area (Knutsen et al., 2022). Flgdevigen lobster
reserve has a size of approximately 1 km? and the depth varies from 0 to 50 meters (Moland,
Moland Olsen, et al., 2011). The seafloor in the reserve consists of both boulders, rocky and

soft sediment areas (Moland, Olsen, Andvord, et al., 2011).

2.2 Study species

The European lobster (Homarus gammarus) can be found in the Atlantic Sea from
Marocco in the south to Norway in the north, as well as the Mediterranean Sea. The
Northernmost breeding population is found in Tysfjorden in the northern part of Norway
(Triantafyllidis et al., 2005). European lobsters are mostly found in or nearby to rocky habitats
(Galparsoro et al., 2009). Lobsters in Norwegian waters live mostly at depths ranging from 0-
60 meters (Moland, Moland Olsen, et al., 2011). The European lobster is a nocturnal species
which is mostly active after sunset and spends most of the day in shelter. Their activity level
is seasonal, with decreasing activity with decreasing temperatures (Moland, Moland Olsen, et
al., 2011; Smith et al., 1998). They usually have relatively small home ranges, however some
individuals may have large home ranges (Moland, Olsen, et al., 2011). Males have been found
to have larger home ranges than females (D. Skerritt et al., 2015).

The European lobster is a sexually dimorphic species. When the lobsters reach
maturity males will grow larger claws than the females (Debuse et al., 2001). The larger
crusher claw in males is a sexually selected trait and females have been found to prefer males
with larger claws (Sgrdalen et al., 2018). The larger crusher claws are also used to establish
dominance between males, for instance for American lobster the male with the largest claw is
most likely to be dominant (Atema, 1986; Bruce et al., 2018). The size of the lobster, when
they reach maturity is site dependent, lobsters have been found to reach maturity at a carapace
length of 73.5-88 (mm) (Coleman et al., 2023), which translates to a total length of
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approximately 21-25 cm. The European lobster is a long-lived species. A female caught along
the coast of England was estimated to be 72 years old, while the oldest male in the same study
was estimated to be 42 years old (Sheehy et al., 1999). Lobsters grow by moulting every 1-2
years (Sgrdalen et al., 2022). They mate during autumn, and egg-bearing females are found
from September to December. The eggs are hatched the following summer (Agnalt et al.,
2007). The lobster larvae are pelagic, they go through four stages before they become
juveniles (Tully & O Ceidigh, 1987). The newly settled juvenile lobsters are rarely seen in the
wild (Linnane et al., 2001). European lobsters can grow large, though the maximum size is
unknown. Some large crusher claws have been found, and the original total length of the
lobsters has been estimated to be at approximately 65 cm and weighing 9 kg (Wolff, 1978).
Lobsters tend to appear in traps when they are about 20 cm long. The largest lobster caught
by trap in Flgdevigen lobster reserve had a total length of 45 cm (Helms, 2023).

In addition to the lobster reserves, there are several fishing regulations that aims to
protect the European lobster. In Norway the lobsters are protected by a limited fishing season
from 1 October until 30" November (31% December from the border between Vestland and
Mgre og Romsdal county and northwards) (Reglar for Hummarfiske, n.d.). There is a
minimum landing size of 25 cm (total length) and a maximum size of 32 cm (total length).
The landing maximum size is only active from the Swedish border to the border between
Agder and Rogaland County. Additionally, all who fish for lobsters must be registered. There
is a maximum limit of 10 traps per boat for recreational fishers, and 100 traps per boat for
registered commercial fishermen. All traps must have two escape openings of 60 mm
diameter. There are also regulations regarding bouyes, name tags and cotton threads which
has a main function to reduce ghost fishing of lobster traps (Reglar for Hummarfiske, n.d.).

2.3 Field experiment

The first part of the research involved conducting two fishing experiments targeting lobsters
in the Flgdevigen lobster reserve. The first experiment, referred to as Week 1, was part of the
annual lobster survey conducted by the Lobster group at the research station. The second
experiment, Week 2, used a higher number of traps concentrated in a smaller area with the
aim of maximizing lobster catch within that predefined limited space. Additionally, in Week
2, all lobsters were retained on land until the conclusion of the experiment for the purpose of
investigating the effect of lobster removals on the subsequent catch. For both experiments two
types of two-chambered parlour traps were used; standard size traps (L: 90 cm, W: 45 cm, H:

12



39 cm, 2 entrances: 12 cm, mesh size: 4,2 cm) and bigger traps (L: 120 cm, W: 60 cm, H: 54

cm, 2 entrances: 18 cm, mesh size: 4.2 cm).

2.3.1 Experiment Week 1

The annual lobster survey took place from 29.08.23 to 01.09.23 and used 25 standard-
sized traps and 5 bigger traps. The traps were placed evenly throughout the lobster reserve
from 5 to 24 meters depth (Figure 2). The traps were baited with half a frozen mackerel and
left for 24 hours before they were hauled. The GPS position of each trap was registered. This
was repeated four times. All the catches were counted, and species registered. Lobsters were
measured for carapax length (mm), total length (mm), and crusher claw width (mm). For
females, the abdomen width (mm) was also measured. The sex was registered, and for
females, eggs were noted if present. For tagged lobsters, the tags were registered, while
untagged lobsters were tagged with two T-bar tags (TBAZ2, 45 x 2mm; Hallprint). If lobsters
were caught with only one tag, the lost tag was replaced with a new. A DNA sample was
taken from untagged lobsters by cutting a piece of the pleopods. All animals were released at
site of capture after being registered and measured.

2.3.2 Experiment Week 2
The second experiment took place the following week, from 04.09.23 to 08.09.23. The

predefined area was at approximately 0.13 km?. Since the highest effects of the reserves as
has been found furthest away from the reserve borders (Nillos Kleiven et al., 2019), we chose
to focus on the inner parts of Flgdevigen lobster reserve, the Flgdevigen bay, including
Terneholmen (Figure 2). For Experiment Week 2, 32 standard-sized traps and 8 bigger traps
were used, which is the same ratio of small to big traps as in Experiment Week 1. The traps
were placed evenly in the inner parts of the reserve from 2 to 25 meters depth (Figure 2). The
traps were baited with half a frozen mackerel and left for 24 hours before they were hauled.
The GPS position of each trap was registered. This was repeated four times ending up in 156
hauls (4 hauls less than planned due to traps that got stuck). All the catches were counted, and
species were registered. Everything but lobsters were released. Lobsters were registered and
measured for carapax length (mm), total length (mm), and crusher claw width (mm). For
females, the abdomen width (mm) was also measured. Tagged lobsters were registered, while

untagged lobsters were tagged with two T-bar tags (TBAZ2, 45 x 2mm; Hallprint). If lobsters
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were caught with only one tag, the lost tag was replaced. A DNA sample was taken from

untagged lobsters by cutting a piece of the pleopods.

O Experiment Week 1
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Figure 2 Map A: The southern part of Norway, the red dot marks where the experiments took place, in Flgdevigen
lobster reserve. Map B: The location of the fishing experiment. The red lines mark the outer borders of Flgdevigen lobster
reserve. The yellow and green points marks the locations of the lobster traps in Experiment Week 1 (yellow) and Experiment
Week 2 (green), respectively. These maps were made using the package tmap and sf in R-studio and map data from The

Norwegian Environment Agency (Pebesma, 2018; Tennekes, 2018).

2.4 Lobster husbandry

All lobsters caught in Week 2 were brought to land, where they were stored with their
claws tied using elastic bands (Figure 3). Wet cotton rags were placed over the lobsters during
transportation to prevent drought and daylight stress. All lobsters were registered for ID and
capture location before they were stored. The lobsters were kept in two-chambered parlour
traps and wrasse traps where all openings were closed. The entrance between the chambers
were also closed. The lobsters were sorted by sex and size and kept in numbers of 2-3
individuals per trap chamber. Egg-bearing females were kept alone in separate chambers. The
traps were placed in a semi-natural pool with seawater from 19 m depth. The water had a
temperature varying between 15°C and 17°C. At the end of the last fishing day, lobsters were
released back at the capture locations. However, a limited number of males within the legal
fishing size were kept for the lab experiment. The lobsters used for the behaviour experiment
were kept in the same pool however, in three one-chambered storage traps in groups of five or

six lobsters. The bottom of the storage traps was covered with the same carpet as used in the
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tanks for the behavioural experiment (see 2.5.1 Experimental set up). The lobsters were not

fed during storage.

Figure 3 Pictures from the Experiments. Picture A: The lobster traps used for the fishing experiment. The bigger
traps are at the front of the picture, and the standard sized traps are further back. Picture B: A female lobster being

measured for total length. Picture C: A male lobster used in the behaviour experiment ready for storage.

2.5 Behavioural experiment

16 male lobsters were used for the behavioural experiment, all within a size range of
25-29 cm total length (TL). The lobsters qualified for the behavioural experiment by being
males, within the legal fishing size and without injuries. Then the 16 lobsters with the
narrowest size range were chosen. The lobsters were measured for total length, carapax
length, claw width, claw length and claw circumference for both crusher and scissor claws. As
the moulting stage has been found to affect the behaviour of lobsters (Tamm & Cobb, 1978),
a sample was taken from the pleopods to test for the moulting stage. This was done by
looking at the pleopods using a stereomicroscope (Figure 4). The moulting stage was
determined by using the method described by Koepper et al., (2022).
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Figure 4 Pictures of two pleopods seen through the stereomicroscope. These pleopods are at two different moult

stages; 0 (left) and 2-2.5 (right). Foto: Jan Henrik Simonsen

2.5.1 Experimental setup

Six tanks (137x137 cm) were used for the behaviour experiment. The bottom of the
tank was covered with a “grass” carpet to give the lobster some structure to walk on. The
carpet was glued to the bottom of the tank using Tec 7 (Trans 7). A grid of 9 squares (45x45
cm) was drawn onto the carpet to track the movement on camera. Each tank contained a
shelter built from roof tiles and paving stones with two openings. Two pavement stones
formed one of the sidewalls, while a roof tile made up the roof and second sidewall. Two
additional pavement rocks were placed on top to stabilize and make it difficult for the lobsters
to rearrange the shelter. Additionally, a small tile was place underneath the roof tile to make
up for it being slightly smaller at one end (Figure 5). To make sure the shelter was of
appropriate size it was tested using some lobsters from the research station. For the food box
experiment a string was attached at two of the edges of the tanks, making it crossing over the
tanks. A knot was tied at the string making a loop. A perforated box with a string through the
lid and with a hook in the end, was hooked at this loop during the food box experiment. The
water in the tanks was seawater from 75 m depth. The inflow of water was kept at 5.5 L/min
throughout the experiment. The water level was kept so that the shelters (including the
pavement stones on top) were fully emerged, ca. 400 L of water in each tank. The water
temperature was monitored daily and varied between 12.6°C and 14.5°C throughout the
experiment. The light was kept constant throughout the experiment at 5.7 Lux measured at the
water surface in the tanks. This was the lowest light level where there was still enough

visibility to analyse the videos.
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A camera was placed over the six tanks, filming them all at once. The camera was

connected to a server where the videos were stored.

W W-g - /i
= 1(74-' g/

=

Figure 5 Picture A: Tank set up with both shelter and food box in the tanks, the red x marks where lobsters were put in the

tank, facing away from the shelter, Picture B: The food box, Picture C: The shelter.

2.5.2 Experimental run

Each of the 16 lobsters was tested three times (replicates), at three days intervals.
Before each run, the lobster got their claws untied for the replicate run, and then tied again
before going back to storage. For each experiment session with a new set of five or six
lobsters, the water was changed. This was to make sure that there would be no influence on
behaviour from the past trial. The water was also changed several times before the first run.
The lobsters were placed at the same spot in the tanks each time, to the right of the shelter,
facing away of the shelter (Figure 5). After 19.5 h a perforated box containing a piece of
frozen mackerel filet (ca. 30 g) were added to the tank at the opposite side of the shelter. After
two additional hours, the experiment was over, and the lobsters were taken back to storage.
The lobsters were otherwise not fed during the experimental period. The box containing
mackerel were rinsed with seawater between each experiment and refilled with a new piece of

frozen mackerel before being added to the tanks.

2.5.3 Video analysis
The videos were analysed using the program Boris (v. 8.21.8 2023-10-05) (Friard &
Gamba, 2016).
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For the whole experimental run, four different behaviours were measured: usage of
shelter, activity, rolling and stretching. The usage of the shelter was noted by registering the
time from lobsters entered the shelter until they exited the shelter. Activity was measured by
counting the number of squares the lobsters entered. The squares were given numbers from 1
to 9, where the shelter is in square 2 and the food box is in square 8 (Figure 6). Every time the
lobsters entered a new square this was noted, as well as the number of the square. To qualify
the lobsters must have at least the claws (or tail if backing) in the square. If lobsters were
walking on the line between two squares, only one was noted. Two other behaviours were
also noted: rolling on the side and stretching for the water surface along the tank wall or the
shelter.

During the three first and three last hours some additional behaviours were noted.
Time spent moving next to the wall as well as time spent moving away from the wall was
registered. In addition, the number of times the lobsters backed and the number of times they
stopped and turned. Visible turns in the shelter were also noted. For the last two hours, when
the food box was present, some extra behaviours were noted; time spent with the food box
(minimum their claws inside the same square as the box, square 8), reaction to the food box
(either attack or stopping within square 8), and times they returned directly to their shelter
after reacting to food box. Attacking the food box was defined as contact and the claws
“grasping” for the box.

Furthermore, the time until entering the shelter (the time from the lobster was put in
the tank until it entered the shelter) and the time of the first stay in the shelter, was noted at

the beginning of each experiment.
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Figure 6 Tank set-up seen from the camera when the food boxes are present. The numbers in red represent the

numbers used when measuring activity in the video analysis.

2.6 Statistical analyses

Data analysis has been done using R (version 4.3.2) (R Core Team, 2023) in RStudio
(version 2023.12.1). To compare the data from the two fishing experiments, all traps placed
outside the area of experiment Week 2 were filtered out (Figure 7). In the Flgdevigen reserve
there is a continuous logging of the water temperature at 1-, 19- and 75-meters depth. These
data have been provided by IMR, and the water temperature at 19 meters depth have been
used in the analysis.

Relative claw size is a measurement used in several studies looking at catchability and
was therefore chosen for the data analysis for the field experiment. Relative claw size was
calculated as described by (Serdalen et al., 2020). This was done by calculating the residuals
from the linear regression Crusher claw width ~ Total length was for each sex separately. It
was assumed that the residuals would be normally distributed, and the negative residuals with
a higher absolute value than the highest positive residual were removed (one male). This was
to make sure that claws being small due to regeneration after claw loss were not included in

the analysis.
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Figure 7 Map of the inner parts of fladevigen lobster reserve. The points mark the locations of the lobster traps in
Experiment Week 1 and experiment Week 2. Note here traps from experiment Week 1 have been removed to match the
coverage of experiment Week 2 The maps were made using the package tmap and sf in R-studio and map data from The

Norwegian Environment Agency (Pebesma, 2018; Tennekes, 2018).

2.6.1 Models fishing experiment

The models for the fishing experiments were made using the Im() and glm() functions
in the stats package (R Core Team, 2023). All the models were designed based on our
research questions which included an interaction effect. All models were compared to an
simplified model without the interaction effect, and the best fit models were chosen based on
AlC-values using the AIC() function in the stats package (R Core Team, 2023). The advanced
model needed to have an AIC that was more than 2 values lower than the simplified model, or
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else the simplified model was chosen. To evaluate that the assumptions were met, the function
check_model() in the performance package were used (Lidecke et al., 2021), or the plot()
function in the graphics package (R Core Team, 2023) . The diagnostics plots were then
evaluated visually and can be found in the Appendix (Figure A 1, Figure A 2, Figure A 3,
Figure A 4, Figure A 5).

CPUE
Catch per Unit Effort (CPUE) was calculated by number of lobsters caught divided on
number of hauls. This calculation was performed per day per week. A generalized linear
model with a Poisson distribution was chosen. To test the hypothesis on a reduction in CPUE
during the experimental weeks, and to test the difference between the weeks, we chose to look
at CPUE as a function of Week and Day with an interaction effect. We also corrected for
temperature as this has recently been shown to influence the lobster catches (Serdalen, pers.
comm.).

CPUE ~ Week x DAY + Temperature

Egg bearing females
During initial data exploration, a hypothesis regarding berried females was formed. A
generalized linear model with a binomial distribution was used to test if there was a difference
in number of berried females between the two weeks, and to see if it increased over the 4
fishing days. Temperature was added as a variable for correction.

Number of berried females ~ Week x Day + Temperature
Body size
To test the hypothesis that lobsters would be smaller in Week 2 and that there would be a
reduction during the week, the following linear model was tested:

Total length ~ Week x Day + Trap type
Trap type is included to correct for a higher proportion of bigger traps in Week 1.

Relative claw size

To test the hypothesis that lobster would have a smaller relative claw size in Week 2
compared to Week 1, and that there would be a reduction during the week, the following
linear model was tested for each sex separately:

Relative claw size ~ Week x Day
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2.6.2 Model selection for the behaviour experiment

Unfortunately, some video files were damaged and could not be analysed. A total of
five files were damaged (Table A 1 (Appendix)). To correct for this the missing time has been
subtracted from the total duration for the relevant observations. However, the results showed
that time spent in the shelter and activity measured in the number of squares entered is related
to the time of the day (Figure 14), which this correction does not account for.

For the behavioural analysis generalized mixed effect models were used to look at the
different behavioural traits with lobster 1D and tank as random effects. Lobster ID was
included to check for consistent individual differences in behaviour, while tank was included
to correct for any tank effect. Replicate, temperature and Total length were added as fixed
effects to all models to correct for any effects. This was in addition to Crusher claw index
which were added to test our hypotheses. These models were made using the Ime4 package in
R (Bates et al., 2015). The models were then compared to simplified models, and the best fit
model was chosen by comparing AIC using the anova() function from the stats package (R
Core Team, 2023). The advanced model needed to have an AIC that was more than 2 values
lower than the simplified model, or else the simplified model was chosen. Firstly, the starting
model was compared to models without random effects. Then the model was compared to a
model where the fixed effect with the highest p-value were removed. Finally, the best fit
model was compared to a model without fixed effects. A full list of models and AIC values
can be found in the appendix (Table A 2, Table A 3, Table A 4, Table A 5, Table A 6). The
models were evaluated using the DHARMa package in R (Hartvig, 2022). All models were
checked for overdispersion, the residuals were plotted in a qg-plot and it was checked for
patterns in the residuals. Diagnostics plots can be found in the appendix (Figure A 6, Figure A
7, Figure A 8, Figure A 9, Figure A 10, Figure A 11, Figure A 12).

Claw index has been used in the models as a measurement that accounts for
both length and circumference of the claws, therefore a more detailed measurement than
relative claw size. Claw index was calculated following the method by VVan Der Meeren &

Uksngy, (2000): Claw index = Claw length (mm) x Claw circumference (mm)

Time spent in shelter
To test the hypothesis that lobsters with bigger crusher claws spends less time in
shelter a binomial distribution was chosen, comparing time in shelter with time out of shelter.

Time spent in shelter = sec in shelter / sec out of shelter.
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Full model:
Shelter ~ Total length + Crusher Claw Index + Temperature + Replicate + Random: Tank +
Random: Lobster ID

Number of times entering the shelter

Number of times entering the shelter was divided by total duration of the trial,
resulting in number of times entering shelter per hour. To test whether this depends on
morphologic measurements as claw size and total length, a linear mixed effect model was
used, as the response variable was normally distributed.

Full model:
Number of times entering shelter per hour ~Total length + Crusher claw index +

Temperature + Replicate + Random: Tank + Random: Lobster ID

Activity
Every time a lobster entered a new square this were noted as a measure of activity.
The 1.5 first hours were removed, as lobsters had a very high activity at the beginning of each
experiment. The two last hours were also removed, as when measuring activity, the response
to the food box were not of interest. Number of squares entered were then divided on time, to
correct for missing files. Activity per hour was log-transformed to achieve normality. To test
if activity could be explained by morphologic measures the following linear mixed effect
model was used:
Full model:
log(Activity per hour) ~Total length + Crusher Claw Index + Temperature + Replicate +

Random: Tank + Random: Lobster ID

Position in tank

Time spent moving next to the wall vs away from the wall were measured for the three
first and three last hours. To investigate if the position in the tank could be explained by claw
size and total length a generalized linear mixed effect model with a binomial distribution were
chosen. Here, seconds moving next to the wall is compared to seconds moving away from the
wall. Position in tank = sec. next to wall/sec. away from wall.

Full model:

Position in tank~ Total length + Crusher Claw Index + Temperature + Replicate + Random:

Tank + Random: Lobster ID
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Reactions to the food box
Reaction to the food box was defined as entering the same square as the food box

when the food box was present (Figure 6). A generalized linear model with a Poisson
distribution was chosen. For this model, “day” was chosen instead of replicate as one of the
predictor variables. Number of day in trial gives a better estimate of potential hunger, as all
the same replicates were not done on the same day. To test if number of reactions to the food
box could be explained by morphologic measurements, the following model was used:

Full model:
Number of reactions to food box ~ Total length + Crusher Claw Index + Temperature + Day
+ Random: Tank + Random: Lobster ID

2.6.3 Repeatability

Repeatability (R) is a standardized measurement used in behaviour analysis to
quantify how much of the variation is explained by the individual (Dingemanse &
Dochtermann, 2013). Repeatability is defined by Equation 1, where Ving represent the among
individual variance and V. represent the within individual variance (Dingemanse &
Dochtermann, 2013):

repeatability= Ving/(Ving+ Ve) (Eq. 1)

The ID of the lobster was added as a random effect for all behaviours. A trait was
considered to have a significant repeatability when inclusion of the random effect improved
the model (AlC-value reduced by >2). ICC stands for Intraclass Correlation Coefficient and is
calculated using the same equation as for repeatability (Lidecke et al., 2021). ICC-values are
presented in the model summaries for the behaviour models and was calculated using the icc()
function in the package performance (Lldecke et al., 2021).
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3 Results

3.1 Field experiment

In Week 1, where all catches were released on site, and the trap density was lower, 39
hauls were conducted within the inner part of the reserve (Figure 7). This effort yielded the
capture of 64 lobsters, consisting of 59 individuals as five lobsters (2 females and 3 males)
were caught twice. Of the captured lobsters, 29 were males and 35 were females, with nine of
the females having eggs. During experiment Week 2, 156 hauls were conducted resulting in
104 lobsters. Among these, 46 were males and 58 were females, with 26 of the females
having eggs. Because all captured lobster was retained, no lobsters in experiment Week 2
were caught more than once, however 28 lobsters previously captured during Week 1 were re-
captured in Week 2.

The model selection resulted in the following model:

CPUE ~ Week + Day + Temperature
The average number of lobsters per trap was higher in Experiment Week 1 (mean= 1.64)
compared to Week 2 (mean= 0.67, p-value <0.001) (Table 1). Both Week 1 and Week 2
showed a decline in lobster catch over the four-day period, however the decrease was not

statistically significant (p-value = 0.11) (Figure 8).

Table 1 Summary output of the generalized linear model for CPUE.

Model: CPUE ~ Week + Day + Temperature

Coefficients: Estimate Standard error Z value p-value
Intercept -1.57 3.83 -0.41 0.68
Week 2 -0.84 0.20 -4.13 <0.001
Day -0.16 0.10 -1.60 0.11
Temperature 0.15 0.25 0.61 0.54
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Figure 8 Lobsters per trap for the four fishing days for Experiment Week 1land 2. The vertical lines represent the

Standard error.

3.1.1 Sex

The model selection resulted in the following model:

Proportion of berried females ~Week + Day + Temperature
The proportion of males and females was similar in both weeks (Week 1; 0.55:0.45 females to
males, Week 2; 0.56:0.44 females to males). However, in Week 2, there was significantly
higher proportion of berried females compared to Week 1 (p-value = 0.026) (Table 2).

Additionally, there was no effect of day on the proportion of berried females.

Table 2 Summary table for Proportion of berried females.

Model: Proportion of berried females ~Week + Day + Temperature

Coefficients Estimate Standard error Z value p-value
Intercept -20.81 13.19 -1.57 0.11
Week 2 1.49 0.67 2.22 0.026
Day -0.18 0.32 -0.56 0.58
Temperature 1.24 0.84 1.47 0.14
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3.1.2 Size

In Week 1 lobsters ranged from 193 mm to 391 mm in total length, with a mean of
311.4 £ 5.3 (mm + SE). Females had a mean size of 306.2 = 7.9 (mm + SE), while males had
a mean size of 317.6 £ 6.7 (mm + SE). In Week 2 total length of lobsters ranged from 170
mm to 387 mm, with a mean of 286.8 £ 5.0 (mm + SE). Females had a mean size of 290.5 +
6.0 (mm + SE), and males had a mean size of 282.1 + 8.4 (mm + SE) (Figure 9, Figure 10).

The model selection resulted in the following linear model:

Total length ~Week + Day + Trap type
This model was used to investigate how total length differed between the weeks if it changed
during the four days. There was no effect of day but lobsters were significantly bigger in

Week 1 (p-value 0.0019) (Table 3).
Table 3 Model summary output: Total length ~Week + Day + Trap type

Model: Total length ~Week + Day + Trap type

Coefficients Estimate Standard error t value p-value
Intercept 309.16 10.15 30.46 <0.001
Week 2 -23.99 7.58 -3.16 0.0019
Day -0.69 3.25 -0.21 0.83
Trap type 12.91 8.34 1.55 0.12
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Figure 9 A violin plot with Week on the x-axis and Total length (mm) on the y-axis. Females are plotted in red and

males are plotted in blue. The mean for each group is visualized by a black dot

27



0.012 4

m
3’0.008- — I — Experiment Week
TN | 1
8 \ O:
0.004 - - ~/ !
0.000 - A | |

200 250 300 350 400
Total length (mm)

Figure 10 Density plot and histogram with total length of lobsters caught in Experiment Week 1 (yellow) and 2
(green).

3.1.3 Relative claw size

In Week 1 female crusher claw width ranged from 29 mm to 72 mm with a mean of
49.29 + 1.53 (mm = SE). Male crusher claw width ranged from 47 mm to 91 mm, with a
mean of 65.14 + 2.42 (mm = SE). In Week 2 female crusher claw width ranged from 30 mm
to 67 mm width a mean of 49.39 + 1.26 (mm + SE). Male crusher claw width ranged from 19
to 96 mm, width a mean of 58 + 2.91 (mm + SE). The model selection resulted in the
following model:

Relative claw size ~ Week + Day
The relative claw size (calculated as the residuals from the regression line: Crusher claw
width ~ Total length) did not decline during the four fishing days for neither males or females,

but the relative claw size was larger in Week 2 for both sexes (Table 4) (Figure 11).

Table 4 Model summary for Relative claw size ~ Week + Day, for males and females

Model: Relative claw size ~ Week + Day

Males: Coefficients  Estimate Std. error t value p-value
Intercept -0.97 1.27 -0.76 0.45
Day -0.59 0.45 -1.31 0.20
Week 2 3.74 1.04 3.61 <0.001

Females:
Intercept -0.63 1.23 -0.52 0.61
Day -0.39 0.40 -0.99 0.32
Week 2 2.62 0.92 2.85 0.005
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Figure 11 A scatter plot with Total length (mm) on the x-axis and Claw width (mm) on the y-axis for Week 1
(yellow) and Week 2 (green). Regression lines have been added using the stat_smooth() function in ggplot in R. The left panel
is for females and the right for males.

3.2 Behavioural experiment

For the behavioural experiment we used male lobsters with a total length within the
legal fishing size range (250 mm - 320 mm). After removing lobsters with injuries, we were
left with 17 lobsters in the size range: 252 mm to 287 mm. For simplicity, the lobsters were
given a number between 1 and 17, in addition to their tags. However, one of the lobsters
(number 8) were not used in the behavioural experiment. Therefore number 8 is excluded
from the following results. 16 lobsters went in the behavioural experiment three times,
resulting in 48 trials. All the lobsters had newly moulted and were at moult stage 0, except for
lobster 15 who were at moult stage 2 or 2.5 (Koepper et al., 2022)(Table 5).

Table 5 Morhological measurements of lobsters used in the behavioural experiment

Lobst Total Carapace Crusher Claw Crusher claw Crusher claw Moult
er ID length length (mm) width (mm) length (mm) circumference stage
(mm) (mm)

1 266 96 52 116 134 0

2 274 98 54 121 140 0

3 267 97 54 120 139 0

4 270 96 52 127 131 0

5 256 91 51 121 133 0
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6 252 88 49 116 126 0
7 261 91 55 123 145 0
9 254 86 47 116 123 0
10 278 101 52 124 137 0
11 278 99 57 134 144 0
12 269 93 48 116 130 0
13 256 89 45 112 117 0
14 266 89 44 107 114 0
15 275 101 53 127 134 2-2.5
16 287 102 55 133 140 0
17 283 100 51 129 137 0
3.2.1 Shelter

Whenever lobsters entered the shelter, time was noted until they exited. These times
have then been added together and divided by the total time of the trial. This was to correct
for missing video files. The lobsters spent on average 86.8 % + 0.037 (SE) of the trial in the
shelter, however 6 observations spent between 0.6 % and 65.6% of time in shelter. The
remaining 42 observations spent between 84.4% and 99.7% of the time in shelter (Figure 12).

For the statistical analysis, time spent in shelter was compared to time spent outside
the shelter, for 48 observations divided on 16 lobsters. The final simplified model was a
generalized mixed effect model with the following structure:

Shelter ~ Temperature + Replicate + Random: Tank + Random: Lobster ID
There was no effect of either the total length or size of the crusher claw. However, there was a
significant negative effect of temperature (p-value <0.001) and a positive effect of replicate
(p-value <0.001). Lobsters spent less time in shelter when the temperature was higher, and
more time in shelter in subsequent replicates. Repeatability was significant for lobster ID
(R=0.47). Inclusion of tank as a random effect also improved the model, but the effect was
relatively small (R=0.05) (Table 6).

The diagnostics plot for the model showed patters in the residuals (Figure A 6).
Therefore, an alternative model without outliers were fitted. This model gave the same results
for the fixed effects, significant effect of temperature and replicate, and no effect of total
length or crusher claw index. However, the repeatability for lobster ID (R = 0.16) and tank (R
=0.019) was lower (Table A 7). Nevertheless, this model also showed patterns in the

residuals (Figure A 7).
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Table 6 Model summary output for shelter usage without outliers. 95% confidence intervals and p-values were computed

using a Wald z-distribution approximation.

Model: Shelter ~ Temperature + Replicate + Random: Tank + Random: Lobster ID

Model Fit:

Pseudo-R? (fixed effects) = 0.08

Pseudo -R? (total) = 0.55

Fixed effects: Estimate 95% ClI p-value
Intercept 22.16 (20.70, 23.62) <0.001
Temperature -1.50 (-1.58, -1.42) <0.001
Replicate 0.82 (0.77,0.88) <0.001
Random effects Variance Standard deviation

Lobster ID 3.16 1.78

Tank 0.32 0.57

Repeatability:

Group Groups ICC

Lobster ID 16 0.47

Tank 6 0.05
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Figure 12 A scatter plot with replicate on the x-axis and proportion of time spent in shelter on the y-axis. The
different panels represent the different lobsters. The red points are outliers, these were included in the presented model,

however they were removed in an alternative model that can be found in the appendix (Table A 7).

3.2.2 Number of times entering shelter

Number of times entering shelter per hour ranges from 0.44 to 5.0 (Figure 13).
Lobsters entered shelter on average 2.1 + 0.15 (SE) times per hour. For the statistical analysis
48 observations were used divided on 16 lobsters. The model selection resulted in the
following simplified model:

Number of times entering shelter per hour ~ Replicate + Random: Tank +

Random: Lobster ID

There was no effect of Total Length, crusher claw index or temperature. However, there was a

significant negative effect of replicate. Lobsters entered shelter less often in subsequent
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replicates (p-value: 0.037) (Table 7). Repeatability was significant for lobster ID (R = 0.44)

but not for tank.

Table 7 Model summary table for number of times entering the shelter. 95% Confidence intervals and p-values

were computed using a Wald t-distribution approximation

Model: Number of times entering shelter ~ Replicate + Random: Tank + Random: Lobster ID

Model Fit:

Pseudo-R? (fixed effects) = 0.05

Pseudo -R? (total) = 0.47

Fixed effects: Estimate d.f. 95% ClI p-value
Intercept 2.71 45.8 (2.01, 3.41) <0.001
Replicate -0.30 31 (-0.58, -0.02) 0.037
Random effects Variance Standard

deviation
Lobster ID 0.49 0.70
Residual 0.63 0.79

Repeatability:

Group Groups ICC

Lobster ID 16 0.44
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Figure 13 A scatterplot with lobster ID on the x-axis and Number of times entered shelter per hour on the y-axis.

3.2.3 Activity

{4

The activity of lobsters varied during the day, with the highest activity the first 1.5

hours after entering the tank (Figure 14).
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Figure 14 A bar plot with hour at the x-axis and number of squares entered on the y-axis. The hours represent the
time of the day, for example hour 10 = 10:00-10:59. The red bars (10 and 11) is when the food box is present. The blue bars

represent the first 1.5 hours of the experiment. Number of squares entered for hour 13 has been doubled, as the experiment

started 13.30 and not 13.00.
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To look at their “normal activity” the first 1.5 hours, and the last two hours (when the
food box was present) were removed from the analysis. The total number of squares was then
divided by the total duration. 48 observations distributed among 16 individual lobsters were
used for the analysis. Activity ranged from 0.37 to 47.38 squares entered per hour (Figure 15).
A lobster entered on average 9.85 £ 1.27 (+ SE) squares per hour. The model selection
resulted in the following linear mixed-effect model:

log(Activity per hour) ~ Random: Lobster ID
There was no effect of total length, crusher claw index, temperature, or replicate. However,
the repeatability for lobster ID group is 0.47, indicating that 47% of the variation in the
response variable is explained by Lobster ID (Table 8).

Table 8 Linear mixed effect model summary table for activity. 95% confidence intervals and p-values were
computed using a Wald t-distribution approximation

Model: Number of times entering a square ~ +1 + Random: Tank + Random: Lobster ID

Model Fit:
Pseudo-R? (fixed effects) = 0.00
Pseudo -R? (total) = 0.47

Fixed effects: Estimate d.f. 95% ClI p-value
Intercept 1.96 15 (1.60, 2.32) <0.001

Random effects Variance Standard deviation
Lobster ID 0.36 0.60
Residual 0.41 0.64

Repeatability:

Group Groups ICC
Lobster ID 16 0.47
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Figure 15 Plot with number of squares entered per hour on the y-axis and lobster ID on the x-axis.

3.2.4 Position in tank

Minutes moving next to the wall ranged from 1.17 to 155.6, while minutes moving away from
the wall ranged from 0.83 minutes to 302.8 minutes (Figure 16, Figure A 14). Lobsters spent
on average 17.4 £4.4 (SE) min next to the wall and 34.7 + 9.3 (SE) minutes away from the
wall. The model selection gave the following generalized mixed-effect model:

Position in tank~ Temperature + Replicate + Random: Tank + Random: Lobster ID

There was no effect of total length or crusher claw index, however, there was a
significant effect of both replicate (p-value: < 0.001) and temperature (p-value: < 0.001)
(Table 9). The temperature had a positive effect of moving next to the wall, while replicate
had a negative effect. Repeatability was significant for lobster ID (R=10.14), and for tank (R=
0.04).

When running diagnostics plot for the model for position in tank, some patterns were
detected in the residuals (Figure A 10). Therefore, an alternative model was fitted without
outliers, this model gave the similar results for the fixed effects (effect of replicate and
temperature, and no effect of Crusher claw index and total length), and a slightly lower
repeatability for ID (R=0.10) and tank (R=0.03) (Table A 8). For this model the diagnostics

plot showed no patterns in the residuals (Figure A 11).
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Table 9 Model summary for position in tank. 95% confidence intervals and p-values were computed using a Wald

z-distribution approximation.

Model: Position ~ Temperature + Replicate + Random: Tank + Random: Lobster ID

Model Fit:

Pseudo-R? (fixed effects) = 0.01

Pseudo -R? (total) = 0.18

Fixed effects: Estimate 95% ClI p-value
Intercept -6.09 (-6.78, -5.48) <0.001
Temperature 0.43 (0.40, 0.46) <0.001
Replicate -0.18 (-0.20, -0.16) <0.001
Random effects Variance Standard deviation

Lobster ID 0.56 0.75

Tank 0.14 0.37

Repeatability:

Group Groups ICC

Lobster ID 16 0.14

Tank 6 0.04
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Figure 16 A stacked bar plot with minutes of observed behaviour on the x-axis and replicate on the y-axis. The

panels represent the different lobster IDs.

3.2.5 Reaction to food box

Number of reactions ranged from 0 to 16 reactions. In 22 observations there were 0 reactions.

2 individuals (lobster 5 and lobster 14) did not react at all during the three replicates (Figure

17). The overall mean was 2.8 + 0.58 (SE) reactions per trial. The model selection gave the

following generalized mixed-effect model:

Number of reactions to food box~ +1 + Random: Tank + Random: Lobster ID

This model includes 48 observations divided into 16 individual lobsters were used. There was

no effect of either day, temperature total length or crusher claw index. However, there was a
significant repeatability for lobster ID (R = 0.54) and tank (R = 0.068) (Table 10).
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Table 10 Model summary for reactions to food box. 95% confidence intervals were computed using a Wald z-

distribution approximation

Model: Number of reactions to food box ~ +1+ Random: Tank + Random: Lobster ID

Model Fit:
Pseudo-R? (fixed effects) = 0.00
Pseudo -R? (total) = 0.74

Fixed effects: Estimate 95% ClI p-value
Intercept 0.36 (0.35, 0.36) <0.001
Random effects Variance Standard deviation

Lobster ID 1.36 1.17

Tank 0.14 0.37

Repeatability:

Group Groups ICC
Lobster ID 16 0.54
Tank 6 0.06
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Figure 17 Plot of Number of reactions to the food box on the x-axis and Lobster 1D on the x-axis.

17

39



4 Discussion

This study aimed to investigate if fishing with two different methods would give
different catches. This was done by comparing the catches of the annual lobster survey in
Fladevigen reserve to a fishing experiment with a higher trap density and restraint of lobsters.
In addition, this study aimed to investigate the relationship between lobster behaviour and

crusher claw size.

4.1 Field experiment

Fishing with a higher trap density and not putting lobsters back, resulted in a higher
number of smaller lobsters, larger relative claw size, as well as a higher proportion of berried
females.

Catch per unit effort (CPUE) was different for the two fishing experiments with a
higher CPUE in Week 1. This is as expected due to the increase in fishing effort in Week 2.
Neither of the CPUE’s declined significantly during the fishing days, however both had a
negative slope. We expected a significant decline in Week 2 as there would be fewer lobsters
left in the area. However, it is possible that we underestimated the number of lobsters in this
area. Lobsters seems to get a reduced catchability immediately after being caught (Kleiven,,
pers. comm.), this could explain why we see a non-significant decline in Week 1. This could
for example be due to the stress of handling or because they have fed on the bait and have less
motivation to approach the traps. However, they would still have been able to participate in
behavioural interactions. Lobsters remember each other from recent agonistic interactions,
and sub-dominant lobsters will retract from dominants to avoid a second fight (Karavanich &
Atema, 1998). It is possible that when lobsters are put back in Week 1, they could still be
around the trap and hinder subordinate lobsters from entering the trap.

Fishing with baited traps two weeks in a row could interfere with “catchability
patterns” as lobsters feed on the bait in Week 1 and might have a reduced motivation to seek
the baited traps in Week 2. It is well known that lobsters enter the traps, feeds, and then
escapes without being caught, or manages to feed without entering at all (Jury et al., 2001). It
is therefore possible that a higher number of lobsters, higher than the number caught in Week
1 fed of the bait. If lobsters that fed the bait in Week 1 were not random in terms of size

distribution, sex, or relative claw size, this can have affected the catch in Week 2.
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4.1.1 Smaller lobsters in Week 2

Lobsters had a larger total length in Week 1 compared to Week 2. There was no
decline in total length over the four fishing days, for neither of the experiments. This indicates
that in Week 2, smaller lobsters were caught from day 1. This is most likely due to the high
trap density, as the effect of not putting back lobsters would not be applicable for the first day.
The high trap density is likely causing less behavioural interactions around the traps. As the
presence of a lobster inside the trap have been found to reduce catches (Addison, 1995), and it
has been observed that the presence of a larger lobster can scare off a smaller lobster,
preventing it from entering (Jury et al., 2001). It may be that a higher trap density reduces the
chance of these interactions, resulting in a higher number of smaller lobsters. However, the
relationship between behavioural interactions and catchability is not clear. D. J. Skerritt et al.
(2020) preloaded traps with lobsters and found no effect on lobster catches, however
preloading traps with lobsters resulted in lower catches of brown crabs and velvet crabs. This
suggests that there are also interspecific interactions affecting the catchability of crustaceans.

Lobsters above 40 cm where not caught in this study. However, they are known to be
present in the reserve. Helms (2023) studied the relationship between trap size and the size of
lobsters caught in the traps in Flgdevigen reserve. It was found that large fish traps caught
lobsters that were too big to enter traps that correspond to the standard sized and big trap used
in the present study. In Week 2, an important aspect of the method was to remove dominant
lobsters from the fished area, to see if this resulted a higher amount of smaller and assumed
subdominant lobsters. Large lobsters have been observed “taking control” over the traps, even
though they are too large to enter (Hummerteina live). It is possible that large lobsters with
big claws could have been present around the traps participating in behavioural interactions,
and scaring of smaller individuals, but being too large to enter themselves. If this was the
case, it would have interfered with our attempt to remove big lobsters which scares off
smaller, and less dominant lobsters. This could be a part of the reason why we did not get a
significant reduction in size in Week 2. However, it is also possible that fishing for four days
was not sufficient to get this effect. Nor was there a significant decline in CPUE during Week

2, which also suggest that four days of fishing was not sufficient.

4.1.2 A higher proportion of berried females in Week 2

The proportion of captured males and females where the same in Week 1 and 2.

However, there was a higher proportion of berried females in Week 2. It has been suggested
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that egg-bearing females have a lower catchability as they have been found to have a lower
food consumption than males and unberried females (Branford, 1979). Agnalt et al. (2007)
also suggests that berried females have a lower catchability, as adult females are berried every
2 years, berried females should constitute 50 % of the caught adult females, however the
catches of berried females were lower. Nevertheless, Laurans et al., (2009) found no
difference in the catchability of berried and unberried females, indicating that the catchability
of berried females is not fully understood. Berried and unberried females differs in their
behaviour with berried females being more aggressive (Figler et al., 2004). However, it is
reasonable that berried females would avoid agonistic interaction, as they have eggs to
protect. The higher catch rate of females with eggs in Week 2 could be due to the high trap
density. A higher density makes it more likely that a berried female can approach a trap
without having an agonistic interaction. Our results clearly show that fishing with different
methods gives a different ratio of berried and unberried females, suggesting that they have a
different catchability. Understanding the catchability of berried females is important for
understanding the demography of a lobster population. If berried females have lower
catchability than unberried females, this could result in incorrect sex ratio estimations when

using data from a trap survey.

4.1.3 Relative claw size

The method of fishing in Week 2 was designed in attempt to catch lobsters with a
lower catchability by reducing the effect of behavioural interaction. However, as opposed to
our hypothesis, lobsters had a higher relative claw size in Week 2, both for males and females
(Figure 11). There was no effect of day on relative claw size, suggesting that there was no
decline in claw size during the fishing period, although there was a negative slope. Males with
a higher relative claw size have been hypothesized to have a higher catchability. Lobsters are
hierarchical animals where large males with large claws usually is the most dominant lobster
(Atema et al., 1979; Bruce et al., 2018). Dominant lobsters have been observed chasing off
subdominant lobsters from both shelters and traps (Jury et al., 2001; Karnofsky et al., 1989),
this likely gives male lobsters with large claws a higher catchability as they will take control
of the traps. Females prefer dominant males, and male claw size is a secondary sexual trait
(Serdalen et al., 2018). This could also mean that dominant males are more voracious as
sexually selected traits are energetic costly (Kotiaho et al., 1998) and it is therefore possible
that lobsters with bigger claws could have a higher motivation to seek food, and therefore also

42



baited traps. This is supported by the fact that male lobsters in reserves, where fishery
selection is absent, have bigger crusher claws (Sgrdalen et al., 2020), and that lobsters with
bigger crusher claws have been found to have a higher chance of being harvested (Moland et
al., 2019). However, in a stock enhancement study on the west coast of Norway, lobsters with
double scissor claws have been found to be overrepresented in the catches (Agnalt et al.,
1999), suggesting that the absence of crusher claws gave a higher catchability. This was
believed to be due to the difficulty for lobsters with no crusher claw to eat hard shelled food,
making their access to food restricted. A trap baited with soft food would therefore be
attractive for lobsters with double scissors (van der Meeren, pers. comm). Although lobsters
with double scissors are less common among wild born lobsters (Agnalt et al., 1999), this
shows that the relationship between catchability and claws are not fully understood.

It is important to note that the relative claw size of females also was larger in Week 2
compared to Week 1. Female relative claw size does not differ between lobster reserves and
fished areas (Serdalen et al., 2020). It is therefore reasonable to assume that female claw size
IS a trait that does not affect catchability to the same degree as males. However, females have
also been observed chasing off subdominant individuals and can be highly aggressive
(Karnofsky et al., 1989; Skog, 2009), having larger claws could be an advantage for females
as well. However, for females there are also other aspects affecting their dominance and
aggression. Berried females will for instance outcompete non-berried females for shelters, this
has also been observed when the berried female has a size-disadvantage (Figler et al., 1998).
All of this suggests that the relationship between female lobster catchability, morphology and

dominance is not fully understood.

4.2 Behavioural experiment

In the laboratory behavioural experiment 16 males went in the behavioural experiment
for 22.5 hours three times. There was overall no effect of crusher claw size or total length on
behaviour. However, for some of the behavioural traits the models with the highest support
included temperature and/ or replicate as fixed effects. There was a significant repeatability
for lobster ID for all behavioural traits, indicating that lobsters have consistent individual
behaviour. There was also a significant repeatability for tank; for time spent in shelter,

position in the tank and reaction to the food box.
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4.2.1 Usage of shelter

In the wild, lobsters are highly dependent of their shelters. As soon as the lobster
larvae settle, they will seek shelters (Botero & Atema, 1982). Lobsters spend most of the
daytime in their shelter and will often have more than one shelter (Karnofsky et al., 1989).
The shelters are important for protection, especially during moulting. Lobsters have been
observed barricading their shelter during moulting (Karnofsky et al., 1989). The only time
more than one lobster occupies a shelter, is during mating, where the female enters the shelter
of the male (Atema et al., 1979; Karnofsky et al., 1989). Lobsters have been observed fighting
over shelters. Generally, a lobster will approach an already inhabited shelter, and then evicts
the resident, or loses and pulls away. Larger lobsters often win, although smaller lobsters have
been observed winning if they are the defender (Karnofsky et al., 1989).

The lobsters spent a high proportion of the trial in shelter, which closely resemble
what Konecny et al. (2024) found for adult lobsters in the wild. In addition, Konecny et al.
(2024) observed that the likelihood of American lobsters being in a shelter increased with
larger body size. On the other hand, Konecny et al. (2024) also conducted a short-term
experiment where they observed the opposite trend: the probability of being in a shelter
decreased with increasing body size. Nevertheless, in our study we kept the size range as
narrow as possible to avoid effect of size, but rather look for an effect of crusher claw size. In
spite of this, no effect was found, either for time spent in shelter or number of times entering
shelter. For juvenile lobsters in a laboratory experiment number of times entering shelter and
time spent in shelter were negatively correlated with size (Mehrtens et al., 2005). In the study
of Mehrtens et al., (2005), lobsters spent 1-10 % of the time in shelter, much less time
compared to the present study. This could be due to the difference in behaviour of juvenile
and adult lobsters. Overall, this indicates that the relationship between shelter usage and
lobster length is not fully understood and may be influenced by additional factors.

There was a significant negative of temperature for time spent in shelter. The water in
the trial came from 75 meters depth, and the temperature varied between 12.6°C and 14.5°C.
Ideally the water temperature should have been constant throughout the experimental period,
as temperature was not a part of our objective, but are known to affect behaviour (Branford,
1979).

Overall, lobsters spent a high proportion of the trial in shelter. However, three lobsters
(lobster 6, 10, and 17) differed from the rest. The model for time spent in shelter showed

patterns in the residuals, and it was therefore fitted an alternative model without outliers
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(Figure 12, Figure A 6). This model gave similar results for the fixed effects (replicate and
temperature) but a much lower repeatability (R=0.16) (Table A 7). This suggests that the high
repeatability is driven by lobster 6, 10 and 17 which spent much less time in shelter compared
to the rest. However, this alternative model still had patterns in the residuals, therefor the
results must be interpreted with caution. Although some of the datapoints differ from the rest
and can be considered outliers, these are real observations of behaviour, and filtering them out
make little sense in a behavioural perspective. Behavioural outliers are a known phenomenon

and have been observed in other experiments as well (Fraser et al., 2001).

4.2.2 Activity

Lobsters are typically nocturnal with studies showing the highest activity occurring
0.5-4 hours after sunset (Smith et al., 1998). Although this was not tested explicitly herein,
observations suggest a deviant from this pattern in this study. Instead, lobsters were most
active during the first 1.5 hours of the trial (13:30-15:00) and the last two hours (10:00-12:00)
(Figure 15) However, the handling stress, introduction to a new environment, limited
acclimation time and the introduction of the food box may overshadow their natural activity
rhythms. Additionally, the consistent low light levels during the experiments, despite the
lobsters experienced a natural night — day cycle during storage, could have influenced their
behaviour.

Adult American lobster have been found to be more active with increasing length
(Konecny et al., 2024), while juveniles have been found to be less active with increasing
length (Mehrtens et al., 2005). However, in this study there was no effect of body size, nor
crusher claw size we hypothesized. Nevertheless, there was a significant effect of
repeatability of lobster ID, suggesting that the activity is mainly driven by the individual.
Activity has been linked to catchability, were more active individuals have a higher
catchability (McLeese & Wilder, 1958). Individuals with a higher activity will have a higher
probability of encountering a trap (Alds et al., 2012). A part of the activity in the wild is
related to foraging behaviour (Karnofsky et al., 1989), suggesting that high activity levels
could be correlated with voraciousness. There are some limitations of the activity measure in
this study, instead of measuring distance moved, which gives an accurate measurement,
squares entered have been counted. It is possible that restless lobsters which moves short
distances but crosses the lines in the tank often have been measured to similar activity levels

as active lobsters exploring the whole tank.
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4.2.3 Position in tank

Lobsters in laboratory environments have been found to seek the wall or other solid
objects when released in a tank (van der Meeren, 2001) ). In this study lobsters spent on
average 39% of the time next to the wall and 61% of the time away from the wall. There was
large variation between individuals. For example, lobster 15 spent on average 66% of the time
by the wall, while lobster 17 spent 14% of the time by the wall. It is possible that the lobsters
spending more time away from the wall, could have a more exploratory behaviour and spend
more time in open habitats. In the wild, lobsters in open habitat have been found to have a
higher catchability than lobsters in rocky habitats (Tremblay & Smith, 2001). When lobsters
are caught in traps, many will be released back to sea as they are not within the legal fishing
size, or they are berried females. When they are released, they will likely try to find their
home shelter or site (Karnofsky et al., 1989; Meeren, 1997). Lobsters walking through open
habitats will likely return faster than lobsters walking along solid structures. Although
walking along solid structures might be less risky, good shelters can be taken if lobsters leave
them for too long. However, one should be cautious transferring observations in a laboratory
environment to assumptions about behaviour in the wild. It would have been interesting to
have followed our males after release and see if their lab behaviour was similar to their

behaviour in the wild.

4.2.4 Reactions to food box

The number of reactions to the food box varied between individuals, where some
individuals never reacted while others showed strong reactions (eg. lobster 2 had a count of
35 reactions). The type of reaction varied; some attacked the food box, while others
approached the box without any physical contact. Since no lobsters were fed during the
experimental period, they could have had an increased motivation to feed as the experiment
progressed, however there was found no effect of day (number of days in trial).

Increased food consumption in lobsters have been related to a higher catchability
(Branford, 1979), suggesting that individuals that are more voracious, by reacting more to the
food box will have a higher catchability. This has been found for cray fish where voracious
behaviour was positively correlated to catchability. (Biro & Sampson, 2015). The food box
could also be seen as a novel object as both the box and the food were introduced. This

suggests that reaction to food box also contains an element of exploratory behaviour. The
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introduction of the food box in the experiment resembles the introduction of a trap in the wild,
a novel object with a bait. It is possible that those lobsters that reacted more to the food box,

would approach a trap more often, compared to lobsters with few reactions.

4.2.5 No effect of crusher claw size

Claw size of male lobsters have been linked to dominance (Atema, 1986) as well as
catchability (Moland et al., 2019), lobsters with bigger claws are more dominant and have a
higher catchability. This difference in catchability could be explained by differences in
behaviour. We therefore hypothesized that there could be a difference in behaviour explained
by claw size. However, no effect was found for neither of the behavioural traits. It is possible
that there was not enough variance in the claw size, as we had a relatively small sample size.
All our lobsters were also caught with traps suggesting that there is a catchability-bias. As our
lobsters are caught by traps, they may have a higher catchability than for example lobsters

collected by divers.

4.2.6 Effect of Habituation

There was a significant effect of replicate for three of the behavioural traits tested,
time spent in shelter, number of times entering shelter and position in tank. This indicates that
there is an effect of habituation. Habituation can be defined “as decreased response to
repeated stimulation” (Groves & Thompson, 1970) . In this study lobsters spent more time in
shelter with increasing replicate, entered the shelter fewer times and spent more time away
from the wall, compared to being by the wall. Spending more time in shelter and entering the
shelter fewer times can be considered a decreased response as they spend less time exploring
the new environment. Lobsters have been observed to prefer walking along the wall or solid
objects when introduced to a tank (van der Meeren, 2001). Walking less along the wall could
be because the lobsters become more familiar with the tank design. Although it could also be
seen as an increase in risk taking behaviour. Reduced behavioural response with increasing
replicate have been found in other behavioural studies (Martin & Réale, 2008). It has been
suggested that habituation could affect the repeatability. However, the number of observations
per individual has been found not to affect the repeatability (Bell et al., 2009).

4.2.7 Consistent individual behaviour in lobsters

For all behavioural traits tested, there was a significant repeatability for lobster ID.

This indicates that lobsters have consistent individual behaviour. Around 35 % of the
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variation in animal behaviour has been found to be due to individual differences (Bell et al.,
2009). The repeatability in this study were mostly higher, between 0.44 and 0.54. However,
for position in tank the repeatability was at much lower (0.14). Repeatability has been found
to vary between behavioural traits, typically being higher for behaviours related to aggression,
mating behaviour and habitat selection, and lower for activity (Bell et al., 2009).

Moland et al. (2019) measured repeatability for four different behavioural traits for
lobsters: depth amplitude, cumulative distance, mean depth, and home range. In this study the
repeatability’s varied between 0.55 and 0.76, which is higher values compared to our study.
However, this study was done in the wild, and behaviours studied in the wild have been found
to result in a higher repeatability than behaviours studied in the laboratory (Bell et al., 2009).
This could maybe be explained by the expression of behaviours related to habitat, or the
maybe the absence of handling stress.

Although efforts were made to make the tanks as identical as possible there was a
significant repeatability for tank for time spent in shelter, position in tank and reaction to food
box, suggesting that there was a tank effect. Both, time spent in shelter and reaction to food
box are behavioural traits related to specific elements of the tank design, there was likely
small differences between the shelters and the food boxes, although the intention was to make
them as similar as possible. For position in tank, there could be differences between the tanks,
or for instance in the carpet glued to the bottom of the tank, making a tank effect. However,
these values were markedly lower for tank than for lobster id.

Our study supports the hypothesis that lobsters show individual differences in
behaviour and may further have individual differences in motivation to approach a trap.
Lobsters that spend more time in shelter or are less active will likely encounter fewer traps
(Alos et al., 2012). Also, lobsters that react more to the smell of food will more likely
approach a baited trap, this has been found for cray fish were voracious animals also had
higher growth rate as well as higher catchability (Biro & Sampson, 2015). This is also
supported by Sgrdalen et al. (2022) who found that lobsters in reserves have higher growth
rates compared to control areas. Lobsters that are more exploratory and is more likely to enter
open habitats will also likely have a higher catchability, which is supported by the findings of
(Tremblay & Smith, 2001).
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4.3 Implications for future monitoring of the reserves

As long as reserves are monitored by a trap-survey, there will be an effect of trap
selectivity. The field experiment in this study shows that fishing with a higher trap density
and restraint of lobsters gives a catch of lobsters with a shorter mean length, a higher
proportion of berried females and a larger relative claw size. Adjusting the method of the
annual monitoring program by fishing with a higher trap density likely gives less behavioural
interaction, and therefore a more random sample.

The result from the behavioural experiment supports the hypothesis that lobsters have
consistent individual differences in behaviour, which in turn can result in differences in
catchability. This emphasizes the complexity of trap selectivity and catchability and the
necessity of more research to fully understand this concept.

Overall, a trap survey will never give a perfectly random sample, but testing adjusted
methods as the lobster populations in the reserves grows and changes will give more insights
into weaknesses in the current design. In addition, it can provide useful information that can

be used when interpreting the results from the annual survey.
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5 Conclusion

In summary, fishing with a higher trap density and retainment of lobsters, resulted in a
lower CPUE, a lower mean total size, a higher proportion of berried females and larger
relative claws for both males and females, compared to the fishing method of the annual
lobster survey in Fladevigen reserve. This suggests that fishing with different methods can
give catches with a different demographic composition from the same population. As
demography changes over time in a lobster reserve, long term monitoring data may not fully
portray changes in density and demography. In this study, there was a smaller mean length
and higher proportion berried females, suggesting that small lobsters and berried females
might be underrepresented in the catch from the monitoring program. In the behavioural
experiment there was no effect of claw size, but there was a significant individual
repeatability for all behavioural traits tested. This suggests that lobsters have consistent
individual behaviour. Their individual behaviour in relation to shelter usage, activity, position,
and reaction to food is likely giving them an individual catchability. All of this underlines the

complexity of trap selectivity and catchability.

50



6 References

Addison, J. T. (1995). Influence of behavioural interactions on lobster distribution and
abundance as inferred from pot-caught samples. ICES Mar. Sci. Symp, 199, 294—
300. https://doi.org/https://doi.org/10.17895/ices.pub.19271450.v1

Agnalt, A.-L., Kristiansen, T. S., & Jarstad, K. E. (2007). Growth, reproductive cycle,
and movement of berried European lobsters (Homarus gammarus) in a local stock
off southwestern Norway. ICES Journal of Marine Science, 64(2), 288-297.
https://doi.org/10.1093/icesjms/fsl020

Agnalt, A.-L., van der Meeren, G. I, Jgrstad, K. E., Nass, H., Farestveit, E., Ngstvold,
E., Svasand, T., Korsgen, E., & Ydstebg, L. (1999). Stock enhancement of
European lobster (Homarus gammarus); A large scale experiment off south-western
Norway (Kvitsgy). In B. Howell, E. Moksness, & T. Svasand (Eds.), First
Symposium on Stock Enhancement and Sea Ranching (pp. 400—419). Blackwell
Scientific Press.

Albs, J., Palmer, M., & Arlinghaus, R. (2012). Consistent Selection towards Low
Activity Phenotypes When Catchability Depends on Encounters among Human
Predators and Fish. PLoS ONE, 7(10), e48030.
https://doi.org/10.1371/journal.pone.0048030

Atema, J. (1986). Review of Sexual Selection and Chemical Communication in the
Lobster, Homarus americanus. Canadian Journal of Fisheries and Aquatic
Sciences, 43(11), 2283-2290. https://doi.org/10.1139/f86-279

Atema, J., Jacobson, S., Karnofsky, E., Oleszko-Szuts, S., & Stein, L. (1979). Pair
formation in the lobster, Homarus americanus: Behavioral development
pheromones and mating. Marine Behaviour and Physiology, 6(4), 277-296.
https://doi.org/10.1080/10236247909378574

Bates, D., Machler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects
Models Using Ime4. Journal of Statistical Software, 67(1).
https://doi.org/10.18637/jss.v067.i01

Bell, A. M., Hankison, S. J., & Laskowski, K. L. (2009). The repeatability of behaviour:
a meta-analysis. Animal Behaviour, 77(4), 771-783.
https://doi.org/10.1016/j.anbehav.2008.12.022

Biro, P. A., & Post, J. R. (2008). Rapid depletion of genotypes with fast growth and bold
personality traits from harvested fish populations. Proceedings of the National
Academy of Sciences, 105(8), 2919-2922. https://doi.org/10.1073/pnas.0708159105

Biro, P. A., & Sampson, P. (2015). Fishing directly selects on growth rate via behaviour:
implications of growth-selection that is independent of size. Proceedings of the
Royal Society B: Biological Sciences, 282(1802), 20142283.
https://doi.org/10.1098/rspb.2014.2283

Botero, L., & Atema, J. (1982). Behavior and Substrate Selection During Larval Settling
in the Lobster Homarus Americanus. Journal of Crustacean Biology, 2(1), 59-69.
https://doi.org/10.2307/1548113

Branford, J. R. (1979). Locomotor activity and food consumption by the lobster
Homarus gammarus. Marine Behaviour and Physiology, 6(1), 13-24.
https://doi.org/10.1080/10236247909378549

Bruce, M., Doherty, T., Kaplan, J., Sutherland, C., & Atema, J. (2018). American
lobsters, Homarus americanus, use vision for initial opponent evaluation and
subsequent memory. Bulletin of Marine Science, 94(3), 517-532.
https://doi.org/10.5343/bms.2017.1147

51



Coleman, M. T., Garratt, M., Hold, N., Bloor, I. S. M., Jenkins, S. R., Porter, J. S., Tully,
0., & Bell, M. C. (2023). A standardized assessment of geographic variation in size
at maturity of European lobster ( Homarus gammarus L.) in the North East Atlantic.
ICES Journal of Marine Science, 80(4), 911-922.
https://doi.org/10.1093/icesjms/fsac234

Conover, D. O., Munch, S. B., & Arnott, S. A. (2009). Reversal of evolutionary
downsizing caused by selective harvest of large fish. Proceedings of the Royal
Society B: Biological Sciences, 276(1664), 2015-2020.
https://doi.org/10.1098/rspb.2009.0003

Czorlich, Y., Aykanat, T., Erkinaro, J., Orell, P., & Primmer, C. R. (2022). Rapid
evolution in salmon life history induced by direct and indirect effects of fishing.
Science, 376(6591), 420-423. https://doi.org/10.1126/science.abg5980

Darimont, C. T., Fox, C. H., Bryan, H. M., & Reimchen, T. E. (2015). The unique
ecology of human predators. Science, 349(6250), 858—860.
https://doi.org/10.1126/science.aac4249

Debuse, V. J., Addison, J. T., & Reynolds, J. D. (2001). Morphometric variability in UK
populations of the European lobster. Journal of the Marine Biological Association
of the United Kingdom, 81(3), 469-474.
https://doi.org/10.1017/S0025315401004106

Dingemanse, N. J., & Dochtermann, N. A. (2013). Quantifying individual variation in
behaviour: mixed-effect modelling approaches. Journal of Animal Ecology, 82(1),
39-54. https://doi.org/10.1111/1365-2656.12013

Figler, M. H., Peeke, H. V. S., & Chang, E. S. (1998). Shelter-related aggression
between adult male conspecific intruders and resident maternal American lobsters
(Homarus Americanus) with eggs at different stages of embryogenesis. Marine and
Freshwater Behaviour and Physiology, 31(3), 151-166.
https://doi.org/10.1080/10236249809387070

Figler, M. H., Peeke, H. V. S., Snyder, M. J., & Chang, E. S. (2004). Effects of egg
removal on maternal aggression, biogenic amines, and stress indicators in ovigerous
lobsters ( Homarus americanus ). Marine and Freshwater Behaviour and
Physiology, 37(1), 43-54. https://doi.org/10.1080/1023624042000199917

Forskrift om fredningsomrader for hummer. (2024). J-68-2024: Forskrift om
fredningsomrader for hummer. https://www.fiskeridir.no/Yrkesfiske/Regelverk-og-
reguleringer/J-meldinger/Gjeldende-J-meldinger/j-68-2024

Fraser, D. F., Gilliam, J. F., Daley, M. J., Le, A. N., & Skalski, G. T. (2001). Explaining
Leptokurtic Movement Distributions: Intrapopulation Variation in Boldness and
Exploration. The American Naturalist, 158(2), 124-135.
https://doi.org/10.1086/321307

Friard, O., & Gamba, M. (2016). <scp>BORIS</scp>: a free, versatile open-source
event-logging software for video/audio coding and live observations. Methods in
Ecology and Evolution, 7(11), 1325-1330. https://doi.org/10.1111/2041-
210X.12584

Galparsoro, 1., Borja, A., Bald, J., Liria, P., & Chust, G. (2009). Predicting suitable
habitat for the European lobster (Homarus gammarus), on the Basque continental
shelf (Bay of Biscay), using Ecological-Niche Factor Analysis. Ecological
Modelling, 220(4), 556-567. https://doi.org/10.1016/j.ecolmodel.2008.11.003

Goiil, R., Quetglas, A., & Refiones, O. (2003). Differential catchability of male and
female European spiny lobster Palinurus elephas (Fabricius, 1787) in traps and
trammelnets. Fisheries Research, 65(1-3), 295-307.
https://doi.org/10.1016/j.fishres.2003.09.021

52



Groves, P. M., & Thompson, R. F. (1970). Habituation: A dual-process theory.
Psychological Review, 77(5), 419-450. https://doi.org/10.1037/h0029810

Guerra, A. S., Kao, A. B., McCauley, D. J., & Berdahl, A. M. (2020). Fisheries-induced
selection against schooling behaviour in marine fishes. Proceedings of the Royal
Society B: Biological Sciences, 287(1935), 20201752.
https://doi.org/10.1098/rspb.2020.1752

Hamon, T. R., Foote, C. J., Hilborn, R., & Rogers, D. E. (2000). Selection on
Morphology of Spawning Wild Sockeye Salmon by a Gill-Net Fishery.
Transactions of the American Fisheries Society, 129(6), 1300-1315.
https://doi.org/10.1577/1548-8659(2000)129<1300:SOMOSW>2.0.CO;2

Hartvig, F. (2022). DHARMa: Residual Diagnostics for Hierarchial (Multi-Level /
Mixed) Regression Models (R package version 0.4.6). https://CRAN.R-
project.org/package=DHARMa

Helms, 1. M. (2023). Size selectivity of standardized lobster traps used in long-term
monitoring and their ability to catch large European lobsters (Homarus gammarus)
[University of Agder]. http://www.uia.no

Hewitt, D. E., Taylor, M. D., Suthers, I. M., & Johnson, D. D. (2023). Environmental
drivers of variation in southeast Australian Giant Mud Crab (Scylla serrata) harvest
rates. Fisheries Research, 268, 106850.
https://doi.org/10.1016/j.fishres.2023.106850

Jury, S. H., Howell, H., O’Grady, D. F., & Watson III, W. H. (2001). Lobster trap video:
in situ video surveillance of the behaviour of Homarus americanus in and around
traps. Marine and Freshwater Research, 52(8), 1125.
https://doi.org/10.1071/MF01096

Karavanich, C., & Atema, J. (1998). Individual recognition and memory in lobster
dominance. Animal Behaviour, 56(6), 1553—-1560.
https://doi.org/10.1006/anbe.1998.0914

Karnofsky, E. B., Atema, J., & Elgin, R. H. (1989). Field Observations of Social
Behavior, Shelter Use, and Foraging in the Lobster, Homarus americanus. The
Biological Bulletin, 176(3), 239-246. https://doi.org/10.2307/1541982

Karnofsky, E. B., & Price, H. J. (1989). Behavioural Response of the Lobster Homarus
americanus to Traps. Canadian Journal of Fisheries and Aquatic Sciences, 46(9),
1625-1632. https://doi.org/10.1139/f89-207

Kleiven, A. R., Olsen, E. M., & Vgilstad, J. H. (2012). Total Catch of a Red-Listed
Marine Species Is an Order of Magnitude Higher than Official Data. PLoS ONE,
7(2), €31216. https://doi.org/10.1371/journal.pone.0031216

Knutsen, J. A., Kleiven, A. R., Olsen, E. M., Knutsen, H., Espeland, S. H., Sgrdalen, T.
K., Thorbjgrnsen, S. H., Hutchings, J. A., Fernandez-Chacén, A., Huserbraten, M.,
Villegas-Rios, D., Halvorsen, K. T., Nillos Kleiven, P. J., Langeland, T. K., &
Moland, E. (2022). Lobster reserves as a management tool in coastal waters: Two
decades of experience in Norway. Marine Policy, 136, 104908.
https://doi.org/10.1016/j.marpol.2021.104908

Koepper, S., Scott-Tibbetts, S., Lavallée, J., Revie, C. W., & Thakur, K. K. (2022).
Fisheries dataset on moulting patterns and shell quality of American lobsters H.
americanus in Atlantic Canada. Scientific Data, 9(1), 385.
https://doi.org/10.1038/s41597-022-01503-2

Konecny, C., Cote, D., Broome, J., Nicolas, J., Regular, P., Cook, A., & Hatefi, F.
(2024). Influences of environmental and individual-level covariates on movement
behaviour in American lobster Homarus americanus. Marine Ecology Progress
Series, 729, 151-166. https://doi.org/10.3354/meps14519

53



Kotiaho, J. S., Alatalo, R. V., Mappes, J., Nielsen, M. G., Parri, S., & Rivero, A. (1998).
Energetic costs of size and sexual signalling in a wolf spider. Proceedings of the
Royal Society of London. Series B: Biological Sciences, 265(1411), 2203-22009.
https://doi.org/10.1098/rspb.1998.0560

Landi, P., Hui, C., & Dieckmann, U. (2015). Fisheries-induced disruptive selection.
Journal of Theoretical Biology, 365, 204-216.
https://doi.org/10.1016/j.jtbi.2014.10.017

Laurans, M., Fifas, S., Demaneche, S., Brérette, S., & Debec, O. (2009). Modelling
seasonal and annual variation in size at functional maturity in the European lobster
(Homarus gammarus) from self-sampling data. ICES Journal of Marine Science,
66(9), 1892-1898. https://doi.org/10.1093/icesjms/fsp166

Linnane, A., Ball, B., Mercer, J. P., Browne, R., Van Der Meeren, G., Ringvold, H.,
Bannister, C., Mazzoni, D., & Munday, B. (2001). Searching for the early benthic
phase (EBP) of the European lobster: a trans-European study of cobble fauna. In
Hydrobiologia (Vol. 465). https://doi.org/https://doi.org/10.1023/A:1014547618888

Ludecke, D., Ben-Shachar, M., Patil, 1., Waggoner, P., & Makowski, D. (2021).
performance: An R Package for Assessment, Comparison and Testing of Statistical
Models. Journal of Open Source Software, 6(60), 3139.
https://doi.org/10.21105/joss.03139

Martin, J. G. A., & Réale, D. (2008). Temperament, risk assessment and habituation to
novelty in eastern chipmunks, Tamias striatus. Animal Behaviour, 75(1), 309-318.
https://doi.org/10.1016/j.anbehav.2007.05.026

McLeese, D. W., & Wilder, D. G. (1958). The Activity and Catchability of the Lobster (
Homarus americanus ) in Relation to Temperature. Journal of the Fisheries
Research Board of Canada, 15(6), 1345-1354. https://doi.org/10.1139/f58-073

Meeren, G. I. van der. (1997). Preliminary acoustic tracking of native and transplanted
European lobsters (Homarus gammarus) in an open sea lagoon. Marine and
Freshwater Research, 48(8), 915. https://doi.org/10.1071/MF97126

Mehrtens, F., Stolpmann, M., Buchholz, F., Hagen, W., & Saborowski, R. (2005).
Locomotory activity and exploration behaviour of juvenile European lobsters (
Homarus gammarus ) in the laboratory. Marine and Freshwater Behaviour and
Physiology, 38(2), 105-116. https://doi.org/10.1080/10236240500104101

Miller, R. J. (1989). Catchability of American Lobsters ( Homarus americanus ) and
Rock Crabs ( Cancer irroratus ) by Traps. Canadian Journal of Fisheries and
Aquatic Sciences, 46(10), 1652-1657. https://doi.org/10.1139/f89-210

Moland, E., Carlson, S. M., Villegas-Rios, D., Ree Wiig, J., & Moland Olsen, E. (2019).
Harvest selection on multiple traits in the wild revealed by aquatic animal telemetry.
Ecology and Evolution, 9(11), 6480-6491. https://doi.org/10.1002/ece3.5224

Moland, E., Fernandez-Chacon, A., Sgrdalen, T. K., Villegas-Rios, D., Thorbjgrnsen, S.
H., Halvorsen, K. T., Huserbraten, M., Olsen, E. M., Nillos Kleiven, P. J., Kleiven,
A. R., Knutsen, H., Espeland, S. H., Freitas, C., & Knutsen, J. A. (2021).
Restoration of Abundance and Dynamics of Coastal Fish and Lobster Within
Northern Marine Protected Areas Across Two Decades. Frontiers in Marine
Science, 8. https://doi.org/10.3389/fmars.2021.674756

Moland, E., Moland Olsen, E., Knutsen, H., Knutsen, J., Enersen, S., André, C., &
Stenseth, N. (2011). Activity patterns of wild European lobster Homarus gammarus
in coastal marine reserves: implications for future reserve design. Marine Ecology
Progress Series, 429, 197-207. https://doi.org/10.3354/meps09102

Moland, E., Olsen, E. M., Andvord, K., Knutsen, J. A., & Stenseth, N. Chr. (2011).
Home range of European lobster ( Homarus gammarus ) in a marine reserve:

54



implications for future reserve design. Canadian Journal of Fisheries and Aquatic
Sciences, 68(7), 1197-1210. https://doi.org/10.1139/f2011-053

Moland, E., Olsen, E. M., Knutsen, H., Garrigou, P., Espeland, S. H., Kleiven, A. R.,
André, C., & Knutsen, J. A. (2013). Lobster and cod benefit from small-scale
northern marine protected areas: inference from an empirical before—after control-
impact study. Proceedings of the Royal Society B: Biological Sciences, 280(1754),
20122679. https://doi.org/10.1098/rspb.2012.2679

Nillos Kleiven, P. J., Espeland, S. H., Olsen, E. M., Abesamis, R. A., Moland, E., &
Kleiven, A. R. (2019). Fishing pressure impacts the abundance gradient of
European lobsters across the borders of a newly established marine protected area.
Proceedings of the Royal Society B: Biological Sciences, 286(1894), 20182455.
https://doi.org/10.1098/rspb.2018.2455

Pebesma, E. (2018). Simple Features for R: Standardized Support for Spatial Vector
Data. The R Journal, 10(1), 439. https://doi.org/10.32614/RJ-2018-009

R Core Team. (2023). R: A language and environment for statistical computing.
(2023.12.1). R Foundation for statistical computing. https://www.R-project.org/

Reglar for hummarfiske. (n.d.). Fiskeridirektoratet.No. Retrieved 15 April 2024, from
https://www.fiskeridir.no/Fritidsfiske/Artar/Hummarfiske

Sheehy, M., Bannister, R., Wickins, J. F., & Shelton, P. (1999). New perspectives on the
growth and longevity of the European lobster ( Homarus gammarus ). Canadian
Journal of Fisheries and Aquatic Sciences, 56(10), 1904-1915.
https://doi.org/10.1139/f99-116

Skerritt, D. J., Bannister, R. C. A., Polunin, N. V. C., & Fitzsimmons, C. (2020). Inter-
and intra-specific interactions affecting crustacean trap fisheries—Implications for
management. Fisheries Management and Ecology, 27(5), 445-453.
https://doi.org/10.1111/fme.12425

Skerritt, D., Robertson, P., Mill, A., Polunin, N., & Fitzsimmons, C. (2015). Fine-scale
movement, activity patterns and home-ranges of European lobster Homarus
gammarus. Marine Ecology Progress Series, 536, 203-2109.
https://doi.org/10.3354/meps11374

Skog, M. (2009). Intersexual differences in European lobster (Homarus gammarus):
recognition mechanisms and agonistic behaviours. Behaviour, 146(8), 1071-1091.
https://doi.org/10.1163/156853909X406437

Smith, I. P., Collins, K. J., & Jensen, A. C. (1998). Movement and activity patterns of the
European lobster, Homarus gammarus , revealed by electromagnetic telemetry.
Marine Biology, 132(4), 611-623. https://doi.org/10.1007/s002270050426

Sgrdalen, T. K., Halvorsen, K. T., Harrison, H. B., Ellis, C. D., Vallestad, L. A.,
Knutsen, H., Moland, E., & Olsen, E. M. (2018). Harvesting changes mating
behaviour in European lobster. Evolutionary Applications, 11(6), 963-977.
https://doi.org/10.1111/eva.12611

Sgrdalen, T. K., Halvorsen, K. T., & Olsen, E. M. (2022). Protection from fishing
improves body growth of an exploited species. Proceedings of the Royal Society B:
Biological Sciences, 289(1987). https://doi.org/10.1098/rspb.2022.1718

Sgrdalen, T. K., Halvorsen, K. T., Vgllestad, L. A., Moland, E., & Olsen, E. M. (2020).
Marine protected areas rescue a sexually selected trait in European lobster.
Evolutionary Applications, 13(9), 2222-2233. https://doi.org/10.1111/eva.12992

Tamm, G. R., & Cobb, J. S. (1978). Behavior and the Crustacean Molt Cycle: Changes
in Aggression of Homarus americanus. Science, 200(4337), 79-81.
https://doi.org/10.1126/science.200.4337.79

55



Tandberg, A., Djursvoll, P., Falkenhaug, T., Glenner, H., Meland, K., & Walseng, B.
(2021, November 24). Vurdering av hummer Homarus gammarus (Linnaeus, 1758).
http://www.artsdatabanken.no/lister/rodlisteforarter/2021/14133

Tennekes, M. (2018). tmap : Thematic Maps in R. Journal of Statistical Software, 84(6).
https://doi.org/10.18637/jss.v084.106

Tremblay, M. J., & Smith, S. J. (2001). Lobster (Homarus americanus) catchability in
different habitats in late spring and early fall. Marine and Freshwater Research,
52(8), 1321. https://doi.org/10.1071/MF01171

Triantafyllidis, A., Apostolidis, A. P., Katsares, V., Kelly, E., Mercer, J., Hughes, M.,
Jorstad, K. E., Tsolou, A., Hynes, R., & Triantaphyllidis, C. (2005). Mitochondrial
DNA variation in the European lobster (Homarus gammarus) throughout the range.
Marine Biology, 146(2), 223-235. https://doi.org/10.1007/s00227-004-1435-2

Tuffley, E., de Lestang, S., How, J., & Langlois, T. (2021). Size matters: large spiny
lobsters reduce the catchability of small conspecifics. Marine Ecology Progress
Series, 666, 99-113. https://doi.org/10.3354/meps13695

Tully, O., & O Ceidigh, P. (1987). The seasonal and diel distribution of lobster larvae
(Homarus gammarus (Linnaeus)) in the neuston of Galway Bay. ICES Journal of
Marine Science, 44(1), 5-9. https://doi.org/10.1093/icesjms/44.1.5

Uusi-Heikkila, S., Whiteley, A. R., Kuparinen, A., Matsumura, S., Venturelli, P. A.,
Wolter, C., Slate, J., Primmer, C. R., Meinelt, T., Killen, S. S., Bierbach, D.,
Polverino, G., Ludwig, A., & Arlinghaus, R. (2015). The evolutionary legacy of
size-selective harvesting extends from genes to populations. Evolutionary
Applications, 8(6), 597-620. https://doi.org/10.1111/eva.12268

van der Meeren, G. I. (2001). Effects of experience with shelter in hatchery-reared
juvenile European lobsters Homarus gammarus. Marine and Freshwater Research,
52(8), 1487. https://doi.org/10.1071/MF01067

van der Meeren, G. I., & Uksngy, L. E. (2000). A comparison of claw morphology and
dominance between wild and cultivated male European lobster. Aquaculture
International, 8, 77-94.

Vitousek, P. M., Mooney, H. A., Lubchenco, J., & Melillo, J. M. (1997). Human
Domination of Earth’s Ecosystems. Science, 277(5325), 494-499.
https://doi.org/10.1126/science.277.5325.494

Wolff, T. (1978). Maximum Size of Lobsters (Homarus) (Decapoda, Nephropidae).
Crustaceana, 34(1), 1-14. https://doi.org/10.1163/156854078X00510

56



7 Tables and figures

Figures:

Figure 1 Hlustration made by SUSANNE ZAZZEIA ...........cccvevveieeiieiie e 1

Figure 2 Map A: The southern part of Norway, the red dot marks where the experiments took
place, in Fladevigen lobster reserve. Map B: The location of the fishing experiment. The red
lines mark the outer borders of Flgdevigen lobster reserve. The yellow and green points marks
the locations of the lobster traps in Experiment Week 1 (yellow) and Experiment Week 2
(green), respectively. These maps were made using the package tmap and sf in R-studio and

map data from The Norwegian Environment Agency (Pebesma, 2018; Tennekes, 2018)....... 14

Figure 3 Pictures from the Experiments. Picture A: The lobster traps used for the fishing
experiment. The bigger traps are at the front of the picture, and the standard sized traps are
further back. Picture B: A female lobster being measured for total length. Picture C: A male

lobster used in the behaviour experiment ready for StOrage.........cccocevvvevieveciecce e 15

Figure 4 Pictures of two pleopods seen through the stereomicroscope. These pleopods are at
two different moult stages; 0 (left) and 2-2.5 (right). Foto: Jan Henrik Simonsen.................. 16

Figure 5 Picture A: Tank set up with both shelter and food box in the tanks, the red x marks
where lobsters were put in the tank, facing away from the shelter, Picture B: The food box,
PICTUIE C: THe SNEIEI. ... et sre e enes 17

Figure 6 Tank set-up seen from the camera when the food boxes are present. The numbers in

red represent the numbers used when measuring activity in the video analysis. ..................... 19

Figure 7 Map of the inner parts of fladevigen lobster reserve. The points mark the locations of
the lobster traps in Experiment Week 1 and experiment Week 2. Note here traps from
experiment Week 1 have been removed to match the coverage of experiment Week 2 The
maps were made using the package tmap and sf in R-studio and map data from The

Norwegian Environment Agency (Pebesma, 2018; Tennekes, 2018). ......ccccccvevveiireeiieinnnne, 20

57
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8 Appendix

Table A 1 An overview of missing files and affected lobsters.

Lobsters Replicate Missing time Missing hours (hh:mm)
13-17 1 60 min 00:27-01:27
7-12 2 120 min 17:37-19:37
13-17 3 68 min 10 sec 13:30-14:38
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Figure A 1Diagnostics plot for the CPUE model
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Figure A 2 Diagnostics plot for the total length model
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Figure A 3 Diagnostics plot for the model for berried females
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Figure A 4 Diagnostics plot for the relative claw size model for females
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Figure A 5 Diagnostics plot for the Relative claw size model for males
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8.2 Model selection tables

Table A 2 Complete list over models that were tested in the model selection process for time spent in shelter. The final model

is marked with bold.

Models AlIC
Shelter ~ Total length + Crusher claw index + Temperature + Replicate + random: Lobster id+ 4503.8
random: Tank

Shelter ~ Total length + Crusher claw index + Temperature + Replicate + random: Tank 22398.3
Shelter ~ Total length + Crusher claw index + Temperature + Replicate + random: Lobster id 5357.0
Shelter ~ Total length + Temperature + Replicate + random: Lobster ID+ random: Tank 4501.8
Shelter~ Temperature + Replicate + random: Lobster ID+ random: Tank 4501.2
Shelter ~ Temperature + random: Lobster ID+ random: Tank 5550.1
Shelter ~ Replicate + random: Lobster ID+ random: Tank 6093.1
Shelter ~ +1 + random: Lobster ID+ random: Tank 6276.0

Table A 3 Complete list over models that were tested in the model selection process for number of times entering shelter. The

final model is marked with bold.

Models AlC
Number of times entering shelter ~ Total length + Crusher claw index + Temperature + Replicate + 140.0
random: Lobster id+ random: Tank

Number of times entering shelter ~ Total length + Crusher claw index + Temperature + Replicate + 145.2
random: Tank

Number of times entering shelter ~ Total length + Crusher claw index + Temperature + Replicate + 140.2
random: Lobster id

Number of times entering shelter ~ Total length + Crusher claw index + Replicate + random: 139.0
Lobster id

Number of times entering shelter ~ Total length + Replicate + random: Lobster id 138.0
Number of times entering shelter ~ Replicate + random: Lobster id 138.9
Number of times entering shelter ~ +1 random: Lobster id 141.4

Table A 4 Complete list over models that were tested in the model selection process for activity. The final model is marked

with bold.

Models AlC
Activity ~ Total length + Crusher claw index + Temperature + Replicate + random: Lobster ID+ 121.2
random: Tank

Activity ~ Total length + Crusher claw index + Temperature + Replicate + random: Tank 124.4
Activity ~ Total length + Crusher claw index + Temperature + Replicate + random: Lobster id 119.2
Activity ~ Total length + Crusher claw index + Replicate + random: Lobster id 117.2
Activity ~ Total length + Replicate + random: Lobster id 117.8
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Activity ~ Total length + random: Lobster id 118.3

Activity ~ +1 + random: Lobster id 119.3

Table A 5 Complete list over models that were tested in the model selection process for position in tank. The final model is
marked with bold.

Models AIC

Position in tank ~ Total length + Crusher claw index + Temperature + Replicate + random: Lobster 24559

id+ random: Tank

Position in tank ~ Total length + Crusher claw index + Temperature + Replicate + random: Lobster ~ 4622.7
id

Position in tank ~ Total length + Crusher claw index + Temperature + Replicate + random: Tank 9574.8
Position in tank ~ Total length + Temperature + Replicate + random: Lobster ID+ random: Tank 2454.2
Position in tank ~ Temperature + Replicate + random: Lobster ID+ random: Tank 1183.3
Position in tank ~ Replicate + random: Lobster ID+ random: Tank 3125.0
Position in tank ~ Temperature + random: Lobster 1D+ random: Tank 2715.7
Position in tank ~ + 1 + random: Lobster ID+ random: Tank 3151.1

Table A 6 Complete list over models that were tested in the model selection process for number of reactions to the food box.

The final model is marked with bold.

Models AlIC

Number of reactions to food box~ Total length + Crusher claw index + Temperature + Day + 216.3

random: Lobster id+ random: Tank

Number of reactions to food box~ Total length + Crusher claw index + Temperature + Day + 220.9

random: Lobster id

Number of reactions to food box~ Total length + Crusher claw index + Temperature + Day+ 2734

random: Tank

Number of reactions to food box~ Total length + Temperature + Day + random: Lobster id+ 214.4

random: Tank

Number of reactions to food box~ Total length + Temperature + random: Lobster id+ random: 212.7
Tank

Number of reactions to food box~ Total length + random: Lobster id+ random: Tank 211.12
Number of reactions to food box~ +1+ random: Lobster id+ random: Tank 212.74
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8.3 Diagnostics plot behavioural models
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Figure A 6 Diagnostics plot for time spent in shelter
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Figure A 7 Diagnostics plot for time spent in shelter without outliers
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DHARMa residual
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Figure A 8 Diagnostics plot for number of times entering shelter
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DHARMa residual
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Figure A 10 Diagnostics plot for position in tank
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8.4 Summary tables alternative models

Table A 7 Model summary for time spent in shelter without outliers. Standardized parameters were obtained by fitting the

model on a standardized version of the dataset. 95% confidence intervals (CI) and p-values were computed using a Wald z-

distribution.

Model: Shelter ~ Temperature + Replicate + Random: Tank + Random: Lobster ID

Model Fit:

Pseudo-R? (fixed effects) = 0.02

Pseudo -R? (total) = 0.19

Fixed effects: Estimate 95% ClI p-value
Intercept 8.83 (7.37,10.30) <0.001
Temperature -0.45 (-0.55, -0.34) <0.001
Replicate 0.31 (0.24, 0.38) <0.001
Random effects Variance Standard deviation

Lobster ID 0.62 0.79

Tank 0.075 0.27

Repeatability:

Group ICC
Lobster ID 0.16
Tank 0.019
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Table A 8 Model summary for position in tank without outliers. Standardized parameters were obtained by fitting the model

on a standardized version of the dataset. 95% confidence intervals (Cl) and p-values were computed using a Wald z-

distribution.

Model: Position in tank ~ Temperature + Replicate + Random: Tank + Random: Lobster ID

Model Fit:

Pseudo-R? (fixed effects) = 0.01

Pseudo -R? (total) = 0.15

Fixed effects: Estimate 95% ClI p-value
Intercept -6.13 (-6.78, -5.48) <0.001
Temperature 0.44 (0.44, 0.48) <0.001
Replicate -0.22 (-0.25, -0.19) <0.001
Random effects Variance Standard deviation

Lobster ID 0.41 0.63

Tank 0.11 0.35

Repeatability:

Group Groups ICC

Lobster ID 15 0.10

Tank 6 0.03
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8.5 Other Figures
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Figure A 13 A scatter plot with Total length of male lobsters on the x-axis and crusher claw width on the y-axis.
The colours represent lobsters caught in Week 1 (yellow), Week 2 (green) and the blue points and line represent lobsters
used in the behaviour experiment. Regression lines have been added using the stat_smooth() function inr.
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Figure A 14 A bar plot with proportion of time spent by the wall (red) and away from the wall (blue) on the y-axi
and replicate on the x-axis. Each panel represent a lobster ID.
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