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Abstract

During the last years, evidence has arisen for the ability of crustaceans to suffer from stress and
noxious situations. This has led to an increasing public concern for crustacean welfare. Due to
the interest in intensification of crayfish aquaculture, the question arises whether artificial
culture conditions may impact these crustaceans’ welfare.

We evaluated the effect of six light conditions on noble crayfish (Astacus astacus) behaviour
in a recirculating aquaculture system. Crayfish were cultured under cool (5500 K), neutral
(3800 K) or warm (2600 K) white light, using bright (761 lux) and weak (38 lux) intensity.

The crayfish’s dark-light preferences were evaluated by observing their behaviour in a plus
maze. Animals kept under 38 lux spent 27.94 + 8.95 % of their time in the light arms of the
maze, while those kept under 761 lux only spent 20.06 = 9.98 % in the light arms. Thus, crayfish
from bright light showed a slight trend to avoid the light arms of the maze (p = 0.098), an
indication of anxious behaviour. The light spectrum had no influence.

Following earlier preliminary signs of pain perception and neophobia in A. astacus these new
observations invite to investigate further indications of a more intensive mental life in
crustaceans. Human activities such as the catching, rearing, shipping and cooking of
crustaceans may have a considerable impact on the welfare of these animals if these results are
confirmed. We argue there are good ethical reasons to re-evaluate the omission of non-
cephalopod invertebrates from European animal welfare legislation.
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Introduction

Although non-cephalopod invertebrates are not protected by European animal welfare
legislation, strong evidence has arisen during the last decade for the ability of crustaceans to
suffer from stress and noxious situations (Magee & Elwood, 2013, Elwood & Adams, 2015,
Vervaecke et al., 2015). In recent years, the public concern on crustacean welfare has been
increasing (Yue, 2008).

There is an increasing interest in the intensive production of crayfish in Europe (Seemann et
al., 2015; Abeel et al., 2014; Franke et al. 2013). Considering their detritivorous nature and high
market potential, these animals are promising candidates for sustainable aquaculture. In
intensive rearing systems, these decapods behave highly cannibalistically, hindering the
development of commercially viable production (Abeel et al., 2014). The question arises if
intensifying the production of these animals, and other decapod crustaceans (e.g. crabs, shrimps
and lobsters), has consequences for their welfare.

Light conditions such as illuminance and photoperiod are known to influence growth,
metabolism and behaviour in crayfish (Thomas et al., 2016; Franke et al., 2013; Delabbio, 2011,
Fanjul-Moles et al., 1998) and are considered potential factors to improve production in crayfish
rearing systems (Franke & Horstgen-Schwark, 2015; Gonzalez et al., 2010). In this study, we
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evaluated the effect of white light spectra and light intensity or illuminance in a recirculating
aquaculture system (RAS) on noble crayfish behaviour.

To evaluate the welfare implications, we quantified negative affective states related to living in
particular light conditions using the paradigm of a subaquatic dark-light plus maze, validated
by Fossat et al. (2015). He assessed stress by placing red swamp crayfish (Procambarus clarkii)
in a conflicting situation between its innate curiosity for novel environment and its aversion for
light. Under natural circumstances crayfish frequently hide in dark places and explore new
environments. Experimentally stressed animals however showed less explorative behaviour and
preferentially remained in the dark arms, whereas unstressed crayfish also explore the
illuminated arms (Fossat et al., 2014).

Material & methods
Light conditions

468 pond raised noble crayfish (Astacus astacus L.) summerlings were obtained from a German
farm, and transferred to an indoor recirculating aquaculture system. They were housed under
six different light conditions for 191 days. Average initial body weight was 0.66 + 0.13 g and
mean occipital carapace length (OCL) was 10.64 £ 0.10 mm (figure 1). The animals were
divided over 18 tanks, resulting in a stocking density of 52 animals/m?, or 26 individuals per
tank. Sex ratio was 50:50. During the experimental period, water temperature was kept at 21.0
+0.35 °C, pH at 8.75 = 0.07 and dissolved oxygen level was 7.25 £ 0.51 mg/I.

Three types of 36W T8 fluorescent lights were used to provide three spectrums of white light:
cool, neutral and warm, with correlated colour temperature (CCT) = 5500 K, 3800 K and 2600
K respectively. Each spectrum of white light was tested in six tanks. These tanks were further
split up in two groups in which two light intensities were applied. For one half of the tanks, the
lights were covered with a black cloth to lower illumination, creating two light intensities for
each spectrum: bright light (761 lux) and weak light (38 lux). This way, we obtained six
different light conditions (table 1). Three tanks with 26 crayfish were used for each treatment.

Table 1. The six experimental light conditions, used in the recirculating aguaculture system

Light condition Lamp type Intensity  Spectrum

cool bright light Philips T8 36W 865 761 lux CCT = 5500 K
neutral bright light Philips T8 36W 840 761 lux CCT = 3800 K
warm bright light Philips T8 36W 827 761 lux CCT = 2600 K
cool weak light Philips T8 36W 865 38 lux CCT = 5500 K
neutral weak light Philips T8 36W 840 38 lux CCT = 3800 K
warm weak light Philips T8 36W 827 38 lux CCT = 2600 K

Dark/light preference

A plus maze (figure 2) was designed and adapted to the crayfish’s size, according to the protocol
of Fossat et al. (2015 ). The maze had a 29 cm diameter and was nine cm high. Each arm had a
surface dimension of 7 x 11 cm. The sides of the dark arms were covered with a black foil and
the top was closed with an opaque lid.

After the crayfish spent six months under the experimental light conditions, two males and two
females were randomly caught from each tank. Hence, we observed 72 crayfish in total, or
twelve animals from each treatment. Each crayfish was put in the plus maze (figure 2) in order
to determine its preference for dark or light. Illuminance and colour temperature of the lighting



in the plus maze were adapted in accordance with the experimental light conditions in the RAS.
Animals from the bright light treatments, were exposed to 547 lux in the lit arms and six lux in
the dark arms of the maze. For crayfish from the weak light treatments, illuminance in the lit
and dark arms were 21 lux and 0 lux respectively. The maze was filled with water from the
RAS. This water was changed after each observation.

Figure 1. Occipital carapace length (OCL) Figure 2. Dark/light preference test in a plus maze

Each crayfish was caught separately, just before observation took place. The animals were
caught from their tanks using a small fishing net. Catching was performed carefully, in order to
avoid potentially stressing escape reactions such as tail flipping. After a crayfish was observed
in the plus maze, it was placed in a separate container to assure no individuals were tested twice.

Before the observation, each crayfish was put in a opaque cage (inner dimensions: 6x6x10 cm)
in the center of the plus maze during one minute for acclimation. The animal was subsequently
released from the cage, allowing it to explore the entire maze for 10 minutes. During this period,
the animal’s location was scored every five seconds, resulting in 121 observations per
individual. From these data, we calculated the percentage of time spent in the light and dark
arms of the plus maze, in order to determine the crayfish’s dark-light preference. We averaged
over the 4 crayfish in each tank to have independent observations per treatment arm.

Statistical analysis

As the number of observations per treatment arm were small (n=3) we used non-parametric
tests. A Kruskal-Wallis test was performed to see if there was a difference in dark-light
preference between the six treatments. As we were specifically interested in the effect of light
intensity this was tested separately with a Mann-Whitney test and light spectrum with a
Kruskal-Wallis test.

Results

There was no significant difference in time spent in the lit versus dark arms between the six
treatments (ie. three levels of light spectrum combined with two levels of light intensity)
p=0.209, Kruskall-Wallis test). Crayfish from weak light treatments showed a tendency (p =
0.098, Mann-Whitney-U test) to spend more time (27.94 + 8.95 %, mean + SD) in the lit arms
of the plus maze than crayfish cultured under bright light (20.06 £ 9.98 %). Thus, crayfish kept
under bright conditions tended to avoid light, as shown in figure 3. Light spectrum did not
influence the light-dark preference of the crayfish in the maze (p = 0.715, Kruskal-Wallis test).
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Figure 3. Light preference in the plus maze for crayfish from weak and bright light treatments

Discussion

Living in an environment with cool, neutral or warm white light did not affect the behaviour of
crayfish in a dark-light preference maze. In weak light, the animals showed a tendency towards
showing less anxious behavior (0,05<p>0.1)in weak light . These crayfish generally explored
the whole maze, including the illuminated arms. This natural exploratory activity under weak
light conditions complies with Frasers et al.’s (1997) definition of welfare. This is consistent
with the results of the zootechnical parameters under the same light conditions (unpublished
data).

These results are comparable to the findings of Fanjal-Moles et al. (1998), who found that high
irradiance caused increased hemolymph lactate in Procambarus clarkii and P. digueti,
indicating higher stress levels in these crayfish. While P. clarkii managed to cope with these
artificial conditions, high irradiance caused high mortality in P. digueti. Prieto-Sagredo et al.
(2000) found that these species showed a different metabolic response to high light intensity,
illustrating the species-specific reaction to this stressor. In addition, Thomas et al. (2016) found
that invasive signal crayfish (Pacifastacus leniusculus) hide in their shelters more often when
exposed to simulated light pollution from a street light during the night.

Although the current observed trend does not allow any confident conclusions about the mental
capacities of A. astacus, following earlier preliminary signs of pain perception and neophobia
(Vervaecke et al., 2015), these new observations are a further invitation to investigate the
intensity of mental life in crustaceans. Human activities such as catching, rearing, shipping and
cooking of crustaceans all are potentially stressing or painful, and may have a considerable
impact on the welfare of these animals. In that sense, the debate about crustaceans may now be
at the same point as the fish welfare debate a few decades ago (see e.g. Braithwaite, 2010).

The European welfare legislation on farmed animals (European Union, 1998) is based on the
European Convention for the Protection of Animals kept for Farming Purposes (Council of
Europe, 1976) that states they should be provided with care that ‘is appropriate to their
physiological and ethological needs in accordance with established experience and scientific



knowledge’. The Lisbon Treaty (European Union, 2007) took this a step further by explicitly
asserting ‘animals are sentient beings’, something that applied to agricultural as well as fisheries
policies. From the experimental animals Directive (European Union, 2010), however, it is clear
that European legislators are only referring to ‘non-human vertebrate animals’ and cephalopods.

This legislation clearly mirrors ethical arguments that can be rooted in the utilitarian tradition
(suffering, sentiency). From a legislative perspective there is still no ‘established experience
and scientific knowledge’ that proves sentiency in crustaceans, but the results provided here
and in Vervaecke et al. (2015) provide a moral impetus to embark on a serious endeavour into
the mental capacities of crustaceans, thereby re-evaluating the omission of non-cephalopod
invertebrates from European animal welfare legislation.

A similar, and probably even stronger need for clarification arises when approaching this
question from a ‘subject of a life’ approach as suggested by Regan (1983). If these preliminary
findings are confirmed, this type of mental activity should be enough reason to include
crustaceans (or at least A. astacus) in our moral circle of compassion.

Conclusions

As the intensity of white light appears to affect behaviour and welfare of cultured noble
crayfish, this factor should be taken into account when setting up a commercial production
system. Weak light may lead to a better wellbeing of the cultured animals.

From an ethical as well as legislative view, the current results are a further indication of the
need for in-depth research into the physical and mental abilities of crustaceans and possibly
other non-cephalopod invertebrates. In relation to EU legislation confirmation would clearly
have far-reaching implications, but it would also bring a sharper focus to the edges of the ethical
circle of compassion.
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