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Abstract

Freshwater crayfish from the Aras Dam are considered one of the country's high-value
fishery export resources. Freshwater crayfish are exported live and at low temperatures.
Limited studies have been conducted on their welfare and the use of anesthetics in
stressful situations such as handling, cooking, manipulation, sampling, and
transportation. The present study was conducted to determine the effective dose and time
of anesthesia induction and recovery time using different levels of MS-222 (levels 0, 50,
100, 200, 400, 800 and 1200 mg/L), ethanol (levels 0, 50, 100, 200, 400, 800, 1200 and
1600 mg/L) and cold (temperatures 4, 6, 8 and 25°C as control) in freshwater crayfish
(Astacus leptodactylus). In this study, the duration of anesthesia induction and recovery
time of freshwater crayfish were investigated with the aim of determining the appropriate
anesthetic concentration for young crayfish weighing approximately 20+3 grams. The
results of the present study showed that the use of high levels of MS-222 was not effective
in anesthetizing freshwater crayfish. The use of ethanol at high levels (30%) was also
able to anesthetize crayfish in a short time, but at low levels this process required a long
time. The results also showed that a low temperature of 4°C had the shortest induction
time and the fastest recovery from anesthesia compared to MS-222 and ethanol.
Therefore, the use of ethanol due to high stress induction and MS-222 due to high price
and low performance in freshwater crayfish anesthesia is not recommended.
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Introduction

Freshwater crayfish are used for human
consumption, especially in European
and American countries, ornamental
aquariums, and scientific experiments
(neurobiology). Given that crustaceans
respond to signs of pain and stress, how
they are treated during farming,
catching, packaging, transportation,
slaughtering, and cooking can affect
their welfare and sale for human
consumption (Ghanawi et al, 2019).
Considering the marketability,
nutritional and export value of
freshwater crayfish, as well as the goal
of the Iranian Fisheries Science
Research Institute and the Iranian
Fisheries Organization to introduce Aras
Dam crayfish as a new cultured species,
it is essential to find solutions to reduce
stress and handling them (Nekoueifard
et al, 2019; Ghorbanzadeh and
Sedghpour, 2024). Because any
handling and manipulation of crayfish
leads to losses or a decrease in the
quality of the exported product, the use
of chemical or herbal substances is
necessary to reduce stress during fishing,
packaging, and transportation. When
culturing and transporting aquatic
animals, interventions such as bioassays,
vaccinations, handling, and sorting are
essential to achieve optimal yields.
However, these processes can cause
physical damage and physiological
stress in aquatic animals, which
increases susceptibility to infections
caused by pathogens and ultimately
mortality (Roth and Skra, 2021; Zhu et
al., 2023). Therefore, reducing injury
and stress is important for increasing the

survival and welfare of aquatic animals.
The use of anesthetics is a practical
approach to reduce injury and stress in
aquatic animals caused by human
interventions. In general, anesthetics are
classified into synthetic and natural
types. Crustaceans can also be
anesthetized with various alcohol
compounds or mixtures, although
ethanol has been the most commonly
used (Rotllant ef al., 2023).

Ethanol is a drug that acts on
adrenergic receptors. It is primarily a
central nervous  system  (CNS)
depressant and can cause immobility in
vertebrates in response to a noxious
stimulus (Wong et al., 1997). Lo Bianco
(1899) was the first author to propose the
use of 70% alcohol to immobilize
various  groups of  crustaceans
(Ostracoda, Copepoda, Cirripedia,
Cumacea, Isopoda, Amphipoda, and
Schizopoda) in order to preserve them in
collections to allow further studies of
their morphology and anatomy. For
certain  groups of  crustaceans
(Onychopoda, Cladocera, Ostracoda,
Copepoda, Isopoda, Amphipoda, and
freshwater crayfish), Pennakk (1953)
recommended the use of much higher
concentrations  (50-95%) and the
addition of 5% glycerin when fixing and
storing copepods.

Tricaine methane sulfate (MS 222),
widely used as an anesthetic in fish, has
been tested in 21 species of crustaceans
with varying results. Concentrations
between 0.5 and 2000 mg/L produced
anesthesia in A. franciscana, Diaptomus
spp-, Limnocalanus macrurus,
Diacyclops  bicuspidatus,  Eucypris
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virens, Corophium volutator,
Echinogammarus obtusatus, G. pulex,
Crangon septemspinosa, Hemigrapsus
nudus, Petrolisthes cinctipes and
Pugettia producta with an induction
time of 30 to 90 minutes. Recovery time
from anesthesia ranged from 9 to 90
minutes, determined primarily by the
concentration of the anesthetic bath
rather than the duration of exposure. MS
222 had no anesthetic effect in D. pulex
and other decapod species, regardless of
concentration and induction time
(Rotllant et al., 2023). The effectiveness
of MS 222 as an anesthetic does not
appear to depend on taxonomy or
habitat. Even within the same taxonomic
group, the concentration of MS 222
required to induce anesthesia varied
widely among species. For example, in
the gammarid E. obtusatus, anesthesia
was induced with 0.5 mg/L (Gamble,
1969), while in the closely related
species G. pulex, 600 mg/L was required
(Perrot-Minnot et al., 2021). MS 222 is
acidic and must be buffered with a
similar  concentration of sodium
bicarbonate.

Temperature reduction has been
described for a wide range of different

decapod groups, including pinnipeds,
caridea, clawed Ilobsters (Astacidea),
freshwater crayfish (Astacidea), spiny
lobsters (Palinuridea), hermit crabs
(Anomura), and true crabs (Brachyura).
Most shrimp studies have used
refrigeration to improve survival during
transport. Live transport technology was
developed and improved in Japan by the
1960s, where wild or farmed Kuruma
shrimp, P. japonicus, were transported
live (Shigueno, 1979, 1992). This
method has two stages: a pre-cooling
stage, in which the animals are placed in
water at 12-14°C, and then the shrimp
are packed in boxes with pre-cooled
sawdust (0°C or -10°C) and kept in
refrigerators at 5-10°C during transport.
This two-stage cooling method has also
been implemented in other species of
shrimp and spiny lobsters. In a research
setting, ice cooling of shrimp, lobsters,
freshwater crayfish, and crabs has been
used in an attempt to reduce pain during
surgery or tissue sampling (Rotllant et
al., 2023). The stages of anesthesia in
crustaceans are different from those in
fish and include several stages (Table 1).

Table 1: Stages of crustacean anesthesia (based on De Souza Valente, 2022).

Row Stage/ Definition Physiological and behavioral symptoms
. Responsive to stimuli and awake, Normal behavior, Normal
1 Un anesthetized . .
body orientation
) Stage I-Sedation Pa}rtlal' loss of equilibrium, Reduced mobility, Responsive to
stimuli.
3 Stage I1- Initial anesthesia Loss of equilibrium, Lack of limb withdraw, Slow antennae

Stage I1I- Surgical
anesthesia

withdraw, weak response to stimuli, Loss of defense behavior

Unconsciousness, Unresponsive to stimuli, Immobility
(including limb and antennae), Relaxation of abdominal flaps

and chelae, Preserved scaphognathite pumping

Stage IV- Nervous System
depression

Respiratory arrest, Cardiac arrest, Potential death
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Despite much research conducted on the
effects of wvarious anesthetics on
different species of farmed fish, there is
little information on anesthesia in
freshwater crayfish. This study aimed to
evaluate the effect of different
concentrations of ethanol, MS 222, and
cold on factors such as anesthesia
induction time, recovery time, and
freshwater crayfish behavior in terms of
anesthesia and ensuring the welfare of
freshwater crayfish during manipulation
and induction of stressful conditions.

Materials and methods

Freshwater crayfish (4. leptodactylus)
with an average weight of 20+£3 grams
were obtained from the Aras Reservoir
Lake. The A. I[eptodactylus were
transferred in a uonolith and in the
vicinity of ice to the culture and
propagation laboratory of the National
Artemia Research Center (Nekoueifard,
2016). Freshwater crayfish transferred to
the laboratory were stored in 1000-liter
polyethylene tanks and fed with
commercial shrimp feed (Faradaneh
Company) at a rate of 1% of body weight
daily during storage (Mazlum et al.,
2011). In this study, different
concentrations of ethanol (96% ethanol
from Khorasan Distillation Company)
and different doses of MS-222 (product
of ARGENT Laboratories - USA) were
used. A. leptodactylus weighing (20£3 g)
were selected after 24 hours of starvation
and transferred to plastic containers
containing different levels of MS-222
(treatments 0, 50, 100, 200, 400, 800 and
1200 mg/L), ethanol (treatments 0, 5, 10,
20 and 30%) and cold (temperatures 4,

6, 8 and ambient temperature 25°C),
each treatment with 3 replicates at a
density of 6 individuals per replicate.
The time at which the crayfish reached
different stages of anesthesia, according
to their appearance and behavioral
characteristics, as well as the time of
recovery from anesthesia, was recorded
separately with a stopwatch based on
Table 1, and the Mean+SD of each
repetition was calculated (De Souza
Valente, 2022). The total weight of
crayfish was determined using a digital
scale with an accuracy of 0.1 g (Seidgar
et al., 2022). During the experiment, the
water temperature range (25+2°C) and
dissolved oxygen (7+0.2 mg/L) were
maintained constant by an aquarium
heater and aeration.

Statistical analysis

Before performing ANOVA, the
normality of the data was checked using
the Kolmogorov-Smirnov test. If the
data were not normal, they were
transformed. One-way analysis of
variance was used to analyze normal
data, and after the significance of
ANOVA, Duncan's test was used to
compare the means of different
experimental groups. The minimum
significance level of the tests was
p<0.05. The data were reported as mean
+ standard deviation. SPSS version 20
software was used for statistical
analysis.

Results

The time of reaching to different stages
of anesthesia and recovery from
anesthesia for different amounts of
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ethanol, MS222, and cold on (1.6+4.45 minutes and 7.47+0.50
A.leptodactylus are given in Tables 2 and minutes), respectively. By increasing the
3, respectively. After exposure to ethanol  concentration from 5%
different levels of ethanol, A. (197.6£22.91 min) to 30% (10.0£1.12
leptodactylus had significant differences min), the time to reach stage IV (loss)
in the induction and recovery times from was significantly reduced (p<0.05).
anesthesia at different concentrations of Also, Dbehavioral agitation  with
ethanol (p<0.05). The minimum and excessive struggling, indecision, and
maximum time to reach stage III inappropriate response to physical
(3.97+£0.35 minutes and 99.6+18.77 stimuli (confusion) was observed in A.
minutes) were observed in leptodactylus treated with different
concentrations of 30% and 5% ethanol, ethanol concentrations.

respectively, with the minimum and
maximum recovery time from anesthesia

Table 2: Time of different stages of anesthesia and recovery time from anesthesia (minutes) for
different amounts of ethanol on freshwater crayfish from Aras Dam.

Anesthesia Ethanol anesthetic dose (percentage per liter) at 25+2°C
stage (minutes) 0 5 10 20 30
| Un anesthetized 64.3+£3.06* 26.042.0P 9.1740.76° 1.90+0.36¢
II Un anesthetized 74.6£3.07% 33.5+£3.5° 13.841.76°  2.9740.25¢
111 Un anesthetized 99.6+£18.77% 49.346.03° 20.334£2.52¢  3.97+0.35¢
v Un anesthetized 197.6+22.91° 72.0+2.0° 28.0£1.00%  10.0+1.12¢
Recovery time Un anesthetized 1.6+4.45°¢ 1.8340.76¢ 5.00+2.16° 7.47+0.50°

The values presented in the table represent the mean + SD. Numbers in a column with different letters are
significantly different at the p<0.05 level.

Table 3: Time of different stages of anesthesia and recovery from anesthesia (seconds) for the effect
of different temperatures on freshwater crayfish in Aras Dam

An:ts;g:sm Storage water temperature (°C)
(minutes) Control group (25°C) 4 6 8
| Un anesthetized 5.20+1.252 111.7+£10.4% Un anesthetized
II Un anesthetized 10.3+1.522 226.6+15.3b Un anesthetized
11T Un anesthetized 21.67+7.63° 418.3+12.6° Un anesthetized
v Un anesthetized - - Un anesthetized
Recovery time Un anesthetized 23.33£7.60* 72.7£15.5° Un anesthetized

The values presented in the table represent the mean £ SD. Numbers in a column with different letters are
significantly different at the p<0.05 level.

Exposure to temperatures of 4 and 6°C increased from 23.33+7.60 seconds at
resulted in a significant difference in the 4°C to 72.7£15.5 seconds at 6°C. The
time to induction of anesthesia and temperature of 8°C and 25°C had no
successful recovery from anesthesia. effect on the anesthesia of freshwater
The time to reach stage III anesthesia crayfish from Aras Dam, so that even
increased from 21.7+£7.63 seconds at storage for 24 hours could not bring the
4°C to 418.3+12.6 seconds at 6°C. Also, tested crayfish to stage I anesthesia.

the recovery time from anesthesia
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None of the crayfish reached stage IV
anesthesia at the temperatures studied.
Exposure to different concentrations
of MS-222 showed that concentrations
of 50, 100, 200, and 400 mg/L of MS-
222 had no effect on anesthesia of the
freshwater crayfish studied. The
concentration of 800 mg/L. was able to
achieve stage I anesthesia only after
269.00 £ 24.00 minutes, while only
concentrations above 1200 mg/L
resulted in stage III anesthesia after
prolonged exposure to the anesthetic
(1440.0+80.8 minutes). None of the
crayfish reached stage IV anesthesia at
different concentrations of MS222. The
recovery time from anesthesia in this
case was recorded as 5.4+0.96 minutes.

Discussion and conclusion

The above study provides indicators of
different levels of anesthesia and a
comprehensive assessment of the time of
anesthesia induction and recovery from
anesthesia in freshwater crayfish from
Aras Dam using common anesthetics in
crustaceans, including ethanol, MS222,
and cold, and determining their
appropriate doses. Decapod crustaceans
(crabs, hermit crabs, lobsters, crayfish,
shrimp) are intelligent creatures that not
only respond to noxious stimuli, but are
also capable of feeling pain, discomfort,
and distress. The choice of anesthetic
agents depends on the species of animal,
the animal's weight, the availability of
equipment, the skill of the veterinarian,
and the requirements of the procedure,
which determine the duration and depth
of anesthesia required. Similarly, the
dose and time of exposure to anesthesia,

environmental factors, and the animal's
body weight, sex, and physiological
status directly affect the effectiveness of
anesthesia. For example, oviparous
females or wild animals may have a
longer induction time and a faster
recovery time than non-oviparous
females or animals previously kept in
captivity (Cowing et al, 2015).
Similarly, induction and recovery times
increase with increasing animal body
weight and air exposure time (Li et al.,
2018; Ghanawi et al., 2019; Jiang et al.,
2020). The lower the animal's body
weight, the greater the oxygen
consumption and, as a result, the higher
the concentration of anesthetic agent per
entering the body, resulting in a shorter
induction time (Jiang ef al., 2020). Also,
induction time decreases with increasing
water temperature and high anesthetic
concentration (Li et al., 2018).
Anesthetics are important in inducing
relaxation in aquatic animals and
reducing stress during transportation and
handling. However, no study has been
conducted to date on the effect of
anesthetics on the freshwater crayfish: 4.
leptodactylus in the Aras Dam. Clove
oil, MS-222, ethanol, and magnesium
chloride have been used in crustaceans
such as blue crabs, crayfish, gammarids,
Pacific white shrimp, and European
lobsters (Stanley et al., 2020; Perrot-
Minnot et al., 2021; De Souza Valente,
2022; Rotllant et al., 2023). However,
survival rates in crabs exposed to MS-
222 and magnesium chloride were
reported to be lower than those exposed
to clove oil and ethanol. Therefore,
MS222 and magnesium chloride are not
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considered effective anesthetics in crabs
(Zhu et al., 2023), which is consistent
with the results of the present study
regarding the ineffectiveness and
effectiveness of MS-222 on freshwater
crayfish anesthesia. Previous studies
have shown that Crangon septemspinosa
is anesthetized by 0.5 g/L of MS-222. In
comparison, immersion in MS-222 in
freshwater crayfish was found to be
ineffective at low concentrations (100
mg/L) and had only a mild effect at high
concentrations (1000 mg/L). The latter
concentration is lethal in fish. This is
probably due to differences in
neurotransmitters present in crustaceans
(Ross and Ross, 2008, Mirzargar and
Seidgar, 2023). The ineffectiveness of
MS-222 as an injectable anesthetic,
volatile, or applied by immersion has
also been reported in a number of
previous studies (Oswald, 1977;
Obradovi¢, 1986; O’Brien, 2008;
Mosley and Lewbart, 2014). In this
regard, the results of the present study
showed that MS-222 was able to induce
stage IIl anesthesia in freshwater
crayfish only at levels above 1200 mg/L
after long-term exposure. Some methods
and chemicals are known to be
inadequately  analgesic, or their
analgesic and anesthetic effects in
decapod crustaceans are questionable.
For example, hypothermia (reducing
body temperature) does not provide pain
relief, but only induces immobility and
lethargy, meaning that even though the
animal is immobile, sensation and
response to painful stimuli are still
present (Pellet et al., 2020; Gressler et
al.,2021). Hypothermia should never be

used or tolerated for any painful or
invasive procedure (Cooper, 2004).
Cooling may also result in self-
amputation of appendages (Oswald,
1977; O’Brien, 2008). Given the fact
that low temperatures do not activate
pain receptors in some crustaceans, ice
immersion appears to be a highly
effective, easy, non-chemical method of
humane immobilization. However, this
method is not recognized by law in some
countries, for example, Switzerland or
Italy. In fact, there have been suspicions
that cold alone may paralyze animals
without anesthesia. Electrical anesthesia
induces epileptic seizures in lobsters and
crayfish. Relatively low temperatures of
5 to 10°C, a humid environment, and
avoiding disturbance of crustaceans
during transportation enhance their
welfare (Ross and Ross, 2008; Mirzargar
and Seidgar, 2023). According to the
results of the present study, in all
anesthetic drugs used, including MS-
222, ethanol, the induction and recovery
time from anesthesia was in minutes,
while the use of cold (temperatures of 4
and 6 degrees Celsius) resulted in
induction and recovery time from
anesthesia in a much shorter time than
other anesthetic drugs. Due to the
endemicity of the freshwater crayfish of
Aras Dam, information about the
medication, method of administration,
induction of anesthesia, and recovery
time from anesthesia was not available
for this species. Therefore, choosing
scientifically informed methods of
sedation/anesthesia to reduce pain or
stress during any manipulation,
including  transportation,  research,
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surgery, will improve their well-being
and, with humane treatment, can reduce
stress and pain. Some methods and
chemicals were unsuitable for use as
anesthetics, and most drugs required
much higher doses to induce anesthesia
in freshwater crayfish than in fish. Given
the perception of pain in freshwater
crayfish, it is recommended that these
animals be treated humanely; while
observing the principles of care and
stress and pain management to maintain
their welfare and wellbeing Also,
methods or chemicals that cause adverse
reactions should be avoided. Further
research is also needed to evaluate the
impact of other anesthetics, age, growth
stage, sex, temperature, pH, and salinity
on the effectiveness of a selected method
or drug. If the purpose of anesthesia is to
transport freshwater crayfish from Aras
Dam (4. leptodactylus) to the market for
human consumption, transport at low
temperature (4-6°C in the vicinity of ice)
1s recommended. On the other hand, the
use of ethanol is not recommended due
to stress induction and mortality, the
need for high doses, high price, long
exposure time required to induce
anesthesia, and the use of MS-222 is not
recommended due to high price and low
performance in crustaceans compared to
cold water exposure.
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