
Abstract
The brown shrimp Crangon crangon is an opportunistic feeder that is widely distributed in the Atlantic Ocean. 
It has a large pray spectrum and uses ambush tactics while hunting. To explore the possibility of memory and 
learning in this species, we attempted to condition specimens to a light stimulus using food (Mytilus edulis) 
as a reward. After starving the specimens for 32 hours prior to the experiment, several conditioning rounds 
(20 s light stimulus followed by 60 s of feeding) were absolved on four consecutive days. After conducting 
short-term experiments with four replicates as well as a long-term experiment (same group for all four trial 
days) we could not document a successful conditioning with the chosen experiment set up as there were no 
significant trends in the development of the specimens‘ behavior. We accredit the lack of conditioning mainly 
to unfavorable management of holding conditions, feeding management and stimulus application but cannot 
exclude the possibility of memory or learning in the brown shrimp Crangon crangon.
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Introduction
Crangon crangon is widely distributed in the 
Atlantic Ocean along the European coast from 
the white sea to Marocco, in the Mediterranean 
Sea as well as the Black Sea where it is mainly 
found in soft bottom estuarine and marine shal-
low areas (Campos & van der Veer, 2008). This 
species distribution shows how C. crangon can 
cope with a wide range of temperatures and 
salinity (Campos & van der Veer, 2008). Due to 
its high abundance and its role as both prey and 
predator, C. crangon plays an important role in 
ecosystems close to shore (Luttikhuizen et al., 
2008). Besides its ecological importance, its high 
abundance also makes it financially relevant for 
commercial fishing (Luttikhuizen et al., 2008). 
Their main predators are fish, wading birds and 
other crustaceans (Campos et al., 2012). As op-
portunistic feeders with a wide prey spectrum 
they pray upon polychaetes, copepods and mol-
luscs, however cannibalism within the species 
is not uncommon (Smaldon, 1979). As they use 
ambush strategy to catch prey without pursuing, 
they have highest predation rates during darkness 
(Campos & van der Veer, 2008). 
Crustaceans generally have a complex brain with 
well-organized nervous systems and well-defined 

sensory inputs mediating specific behavioral 
patterns (Sandeman et al., 1992). The basic 
functions of a crustacean brain are integration of 
the photoreceptor activity in the eye as well as 
chemoreceptive and mechanoreceptive sensilla 
activity of their antennules and antennas (Ammar 
et al., 2013). Classical conditioning has previous-
ly been done in many crustaceans, showing that 
they are capable of rapid learning and short-term 
memory. For example, the green crab Carcinus 
maenas learnt to retract the eye in response to 
a conditioned vibrational stimulus (Feinman et 
al., 1990). Furthermore, the crab Chasmagnathus 
showed long-term cardiac adjustments after 
repeated exposure to a visual danger stimulus 
(Burnovicz & Hermitte, 2010). Lastly, the crab 
Carcinus maenas was conditioned against in-
stinctive light avoidance by being trained to enter 
a beam of light whilst receiving food (Orlosk et 
al., 2011). 
We explored the possibility of memory and 
learning in Crangon crangon, an evolutionarily 
younger species of Crustacea (Wolfe et al., 2019).  
Using a similar method as Orlosk et al., 2011, our 
goal was to condition the shrimps against their in-
stinctual light avoidance whilst feeding. As they 
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Fig. 1. Collecting sites in the nature preservation site in the north of List (Sylt) marked as red circles.

are ambush predators, their natural preference 
for feeding is darkness and with eyes being their 
main sensory organ, light is a suitable stimulus 
for conditioning.

Materials and Methods
Animal maintenance
A total of 400 juvenile Crangon crangon of 
varying sizes were collected from the beach of 
the nature preservation site at the AWI in List 
(Sylt) (Fig. 1). They were collected during low 
tide in shallow areas of mixed and silt mudflats. 
Collecting started at 09:30 am and continued 
until 11:20 am (on the 27th of September 2022), 
using two little manual landing nets by drawing 
a figure-eight in the water. All specimens were 
divided equally into two large holding tanks with 
opaque walls (60 cm x 45 cm x 30 cm). Both 
tanks contained a 3-4 cm high layer of sediment 
from the collecting site with 10 cm of sea water 
above. The sediment was not filtered beforehand. 
Tank A contained the experiment group, while 
tank B held the control group. C. crangon of 
both groups were starved for 32 hours before the 
experiments. The day after capturing, an oxygen 
supply was installed in the holding tanks to avoid 
individuals dying from low oxygen levels. Dead 
specimens were removed daily from the tanks on 
sight to avoid cannibalism. 

Experimental setup
Experiments were conducted after sunset (star-
ting between 8 and 9 pm) and all handling took 
place with only a red light on. The red light 
was held over the tanks by a holding apparatus 
to provide constant light for observation of the 
shrimp throughout the entire experiment (Fig. 
2). For the conditioned stimulus, a flashlight was 
placed at the side of the experiment tank and 
switched on for 20 seconds. After 20 seconds, 
food (previously opened Mytilus edulis) was 
inserted as an unconditioned stimulus and placed 
as closely as possible to the light source for one 
minute. Then, the light was switched off and the 
food was removed from the tank. After a waiting 
period of 60 seconds for recovery, the visual cue 
was reintroduced on a different side of the expe-
rimental tank and the experiment was repeated. 
A long-term memory experiment using ten in-
dividuals per group and a short-term memory 
experiment using 20 individuals per group were 
conducted. Individuals were removed from the 
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holding tanks and placed in smaller trial tanks 
(21 cm x 11 cm x 13 cm see through hard plastic 
containers) for all experiments. For the long-term 
memory experiment, the specimens remained in 
their respective trial tanks permanently and the 
water was changed twice daily. The individuals 
for the short-term memory experiment were 
transferred from the holding tanks 20 minutes be-
fore starting the experiment for acclimatization. 
These specimens were released back into the wild 
after one experiment cycle (eight repetitions/
one day) and 40 new ones were taken from the 
holding tank the following day for the next cycle.
For each experiment group, the number of 
individuals that directly approached the light 
source before food was provided and the number 
of individuals interacting with the food once 
inserted were counted. For the control group, 

Fig. 2. Experimental set up from (A) lateral view and (B) bird’s view; red light as light source for observers installed 
above the tank; visual cue (light beam of a flash light) entering the tank from the left side; opened M. edulis (as food 
source for experiment group) and pincers for insertion into the tank on the right hand side of the tank. Photo taken 
from observers position.

A B

the number of times an individual approached 
the light source were counted. Since tracing the 
specimens individually was not possible in this 
experiment set up, several observed interactions 
(approaches) with the light source or the food 
source may have been by the same individual. 
Therefore, the counted interactions were defined 
as activities. This procedure was repeated se-
ven times in total. After this, an eighth test was 
conducted where we introduced the visual cue 
without food to test for short term conditioning 
to the light source. The experiment group only 
received food during the experiment. For the 
control group, the experiment was conducted in 
the same manner. Control groups only received 
food post experiment (one opened M. edulis). 
This procedure was repeated for four days in total 
for the long term and the short-term experiment.

Discussion
Conditioning of crustaceans has been successful 
in many previous studies, many of which were 
conducted with the common green crab C. ma-
enas. The crab was conditioned to learn to press 
a leaver to receive food(Abramson & Feinman, 
1990), to retract its eye as a response to a condi-
tioned stimulus (Abramson & Feinman, 1988) or 

to behave against its instinctive light avoidance 
to receive food (Orlosk et al., 2011). In a further 
study with the spiny lobster Panulirus argus, the 
lobster learned to discriminate between different 
olfactory stimuli as CS (Fine-Levy et al., 1988). 
So while the ability of conditioning of Brachyu-
ra (crabs) and Achelata (lobsters) appears to be 
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Fig. 3. Activities of experiment and control group (A) on the first day of the long-term experiment and (B)  short-
term experiment group 1. Experiment group in blue (first 20 seconds, light stimulus only) and orange (feeding 
and light stimulus). Control group in grey (Light stimulus only, no feeding). All activities were normalized 
to control group. Conditioning in experiment group from R1 to R7, R8 as test round with light stimulus only. 

Fig. 4. Activities of short-term experiment. (A) Experiment group one to four during first 20 seconds with only light 
stimulus but no feeding. (B) Experiment group one to four during feeding with light stimulus. (C) Control group with 
light stimulus only. Conditioning in experimental group from R1 to R7, R8 as test round with light stimulus only.

A B

C

established, there are no documented attempts 
to test for memory or the ability of conditioning 
in Caridae (shrimp). Studies of general features 
in behavior and anatomy have also mainly been 
focusing on brachyuran crabs and reptantian ma-
lacostracan and very little on shrimp (Meth et al., 
2017). Nevertheless, Meth’s recent qualitative 
study of the “Brain architecture of the Pacific 
White Shrimp Penaeus vannamei Boone” has 
revealed vision to be one of the most important 
senses in P. vanamei represented accordingly in 
the brain anatomy. Considering C. crangon’s na-
tural habitat (epibenthic, coastal regions) and its 
dietary behavior (omnivore, ambush hunter), this 
may suggest vision being favored over memory 

in the brown shrimp, too. In an everchanging 
environment such as tidal areas (like the wadden 
sea, where we collected our specimens) a good 
memory might be less important that the ability 
to adapt to changing environmental conditions 
and still be able to forage or hunt for food.
Summarizing the results of this study, it is 
apparent that conditioning of C. crangon was 
not successful. But considering the fact that 
conditioning was successful in many crustacean 
species, including barnacles (see Proceedings of 
Marine Biology, Volume 04) we cannot rule out 
its possibility solely based on this study. Failing 
to condition the shrimp could have numerous 
reasons within the setup of this experiment alone. 
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Fig. 5. Activities of long-term experiment. (A) Experiment group one to four during first 20 seconds with only light 
stimulus but no feeding. (B) Experiment group one to four during feeding with light stimulus. (C) Control group with 
light stimulus only. Conditioning in experimental group from R1 to R7, R8 as test round with light stimulus only.

A B

C

Feeding management
C. crangon is omnivore and planktotrophic 
and typically feeds on a wide variety of animal 
and plant material (Neal, 2008). Because the 
substratum in the holding tanks was not filtered 
or sifted prior to set up, the specimens may 
still have had access to food sources within the 
substratum after experiments had begun. This 
species also being cannibalistic, consumption of 
deceased conspecifics may have occurred in the 
holding tanks. In this case, the specimens could 
potentially have fed shortly prior to experiments 
and therefore have lower motivation to react to 
food. Coinciding with this, full stomachs were 
frequently observed in specimens that were just 
transferred from the holding tanks. Furthermore, 
the specimens that did react to the food source 
seemed to lose interest after feeding on the 
presented M. edulis after a few rounds of con-
ditioning. This suggests that C. crangon needs 
considerably smaller amounts of food per feeding 
than were offered in this study to keep feeding 
motivation high.

Handling management
Differences in the reaction to the visual stimulus 
between the long-term and the short-term expe-
riment specimens might have occurred due to 

different handling. While the long-term experi-
ment specimens were allowed to acclimatize to 
their holding conditions throughout the entire 
experiment, the short-term experiment speci-
mens were transitioned from their holding tanks 
into the trial tanks shortly beforehand, allowing 
them only 20 minutes for acclimatization. This 
resonated in a much more violent reaction of the 
freshly transferred specimens to the light source 
being switched on as opposed to the long-term 
specimens which appeared to be much more 
habituated to the situation (after Day 2). Hunter 
and Uglow (1993) found a significant increase 
of ammonia concentration in hemolymph of C. 
crangon within the first few minutes post hand-
ling (which is understood as a stress reaction). 
Returning to in situ values took up to 2.5 hours 
(Hunter & Uglow, 1993). Other studies even 
suggest letting C. crangon acclimatize for 15 
days before using them for (biomarker) tests 
(Menezes et al., 2006). Keeping these findings in 
mind, allowing newly entered specimens a longer 
waiting period in a new environment needs to be 
taken into consideration. 
 
Light management
When the visual stimulus was first introduced, 
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the specimens - predominantly for the short-
term experiments - reacted in a sudden violent 
manner, trying to flee the stimulus by ‘tail-flip 
swimming’. The tail-flip swimming action is 
a behavior in many malacostracan crustaceans 
primarily employed as a startle response to pre-
dators (Bellman & Krasne, 1983). This energe-
tically expensive behavior propelled the animals 
through the water, sometimes even making them 
breach the tank. This extreme response might be 
due to the anatomical structures of C. crangon‘s 
eye, more precisely the ‘light screen’. The pho-
tosensitive components (photoreceptive cells) 
of C. crangon‘s light screen have an increased 
absorption at 400-450 nm (violet/blue light) and 
530-570 nm (green light) wavelength (Struwe 
et al., 1975) and also contain a light reflecting 
screen (“tapetum” reflective tissue in the eye 
that makes vision more sensitive in darkness). 
The sudden illumination of the trial tanks might 
therefor blind the shrimp momentarily inducing 
stress and triggering the observed flight response. 
A larger number of individuals approached the 
light source directly when it was shone from 
one of the short sides of the tank. This might be 
because the specimens could not avoid the light 
beam, due to the structure of the container. Shi-
ning the light through the short side of the tank 
illuminates nearly the entire bottom of the con-
tainer while shining it from one of the long sides 
left areas near the sides of the container unillu-
minated where the specimens started gathering. 
Sporadically, specimens would approach the light 
source in a seemingly disoriented manner, trying 
to swim into the light source repeatedly. The be-

havior was reminiscent of the behavior observed 
in insects being drawn to a light source. This now 
poses the question of the presence of a similar 
photo reactivity in brown shrimp. The decreased 
reaction to the light stimulus to zero of the long-
term control group may suggest a desensitization 
to the stimulus. For the experiment group of the 
long-term experiment, the light stimulus did not 
provoke a directed reaction (specimens approa-
ching the light source in expectation of food).

Conclusion
For further attempts to condition Crangon cran-
gon with any conditioned stimulus, the holding 
conditions and feeding tactics during the expe-
riment would need to be optimized. Stressors 
like handling, the density of specimens in a 
holding tank and the natural feeding behavior 
of the brown shrimp need to be considered more 
carefully. Substratum, if provided in the holding 
tanks, should be filtered and sifted to reduce 
food availability after experiments begin to a 
minimum. Lastly, it is advised to record a more 
conclusive parameter than in this study (directed 
movement towards the light source or interaction 
with the food item). More suitable parameters 
might be the heart rate or activity of the antenna 
to make the observation of the response (or lack 
of) more distinct. 
The conditioning of Crangon crangon in this 
study might have been unsuccessful due to the 
above mentioned conditions, however this does 
not exclude the possibility of conditioning using 
an adjusted set up.
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