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Abstract

Invertebrates are an expansive and diverse group of animals that have had little attention regarding
anesthesia and analgesia. Economic use, environmental awareness, laboratory research, and increasing
demand for invertebrates as pets has lead to a greater desire for knowledge for these animals in the
veterinary medical community. With the increasing number of animal welfare regulations, various
scientific studies have improved the overall knowledge of invertebrate medicine, but much more research
is required to fully understand anesthesia techniques in the different species treated by veterinarians.
Analgesia is a controversial and often neglected topic with invertebrates because of the common belief
that invertebrates do not feel pain. Recently, the idea that invertebrates do not feel pain has been
challenged with the discovery of nociceptive pathways similar to those in vertebrates. This article presents
a general overview of anesthetics and analgesics used in selective invertebrate taxa. Copyright 2012
Elsevier Inc. All rights reserved.
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T he invertebrates are a collection of animals comprising more than 95% of the earth’s spe-
cies, unified by the lack of a vertebral column, or “backbone.” Barnes and Ruppert stated
that the invertebrates are a group of unrelated taxa that share no universal “positive”
traits.1

Depending on the text or specialist(s), there are
currently more than 30 recognized phyla of inverte-
brates (not including the protozoans). Unfortu-
nately, very little is known regarding medicine and,
more specifically, anesthesia/analgesia of many of
these taxa. A comprehensive review of anesthesia/
analgesia for all invertebrate phyla is beyond the
scope of this article. Consequently, only the most
economically important and familiar metazoan
taxonomic groups are included in this review of
invertebrate anesthesia and analgesia. We have
elected to use the taxonomic terminology currently
described in an article by Ruppert and coworkers,
with the knowledge that invertebrate zoologists
may use a slightly different nomenclature for some
groups.2

The goal of this article is to provide an over-
view of anesthetic concerns and techniques in
more commonly anesthetized invertebrates, but
it should be emphasized that more research is
necessary to better understand and improve anes-
thesia and drugs used in the different, and fre-
quently unrelated, invertebrate species. For exam-
ple, magnesium chloride is a commonly used
anesthetic/muscle relaxant in invertebrate species.
Some controversy exists about the ability of mag-
nesium chloride to produce adequate sedation
and analgesia via blocking nerve transmission
and neurotransmitter release, or acting only as a
neuromuscular blocking agent (muscle relaxant).3

Differences in vertebrate versus invertebrate anat-
omy/physiology, as well as routes of administra-
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tion, seem to play a role in the pharmacologic
effects of therapeutic agents; consequently, the
issue remains unresolved and not fully under-
stood.3 Specific dosing regimens for the com-
pounds mentioned in the text can be found in
Table 1 of this article.

MOLLUSKS

Anatomy, Physiology, and Natural History

The mollusks are a diverse and large group of
animals (approximately 100,000 species) that
occupy terrestrial, freshwater, and marine envi-
ronments. Some mollusk species are extremely
critical to the environment because of their abil-
ity to filter water and consume debris and detri-
tus. Economically, they are one of the most im-
portant taxa on earth, and provide billions of
dollars annually as a source of food, animals for
pets, display, and research.

Despite their wide variety of function and
form, nearly all mollusks have the following
traits in common at some point in their life his-
tory: gills for respiration, a chitinous radula for
feeding, a muscular foot for locomotion, a calcar-
eous shell for protection and a mantle to secrete
it, and a ciliated planktonic larval form for dis-
persal. We have elected to discuss only the most
economically important classes.

Gastropods
Anatomy, Physiology, and Natural History. The gas-
tropods are a large and easily recognized group
of mollusks that includes the abalone, snails,
nudibranchs, and sea hares, among others. Most
are aquatic and have a well-developed head with
eyes and other sensory organs, an external shell,
muscular foot, and gills within a chamber for
respiration. However, there are many exceptions
to the identifiable criteria listed above, and one
need only examine a common garden slug (no
shell or gills and terrestrial) to appreciate gastro-
pod diversity.
Anesthetic Agents Used and Techniques. Snails can
be anesthetized with menthol or 5% ethanol or
inhalant agents like isoflurane.4,5 A 10% Listerine
solution (McNeill-PPC, Stillman, NJ USA) in nor-
mal saline solution is commonly used to anes-
thetize snails in research settings.6 Sodium pento-
barbital in water has been reported to have a
very slow onset (8 hours) in these species but
generates good anesthetic effects and has a low
mortality rate.7

Anesthesia via isoflurane for terrestrial snails
will require an anesthetic chamber with the abil-

ity for fresh gas inflow and waste gas scaveng-
ing.5 The mean anesthetic concentration of iso-
flurane in the pond snail (Lymnaea stagnalis) is
reported as 1.09.5 Induction is less than 10 min-
utes, but an excitatory period is common. The
depth of anesthesia may not be adequate for sur-
gical procedures. An anesthesia level reached in
snails is defined when body and tentacle with-
drawal response to gentle stimulation is absent.
Tentacle withdrawal reflex remained under inhal-
ant anesthesia, suggesting an insufficient depth
for surgery.5

Sea snails (Aplysia californica) are commonly
anesthetized with intracoelomic administration
of magnesium sulfate or magnesium chloride.3
Induction is fast and smooth, and these com-
pounds provide good muscle relaxation.
Abalone. Commercially farmed abalones fre-
quently require physical examination and sizing,
pearl seeding, and removal from tanks for main-
tenance and harvesting.8 Removal of abalones
from the substratum often requires mechanical
assistance. This forced removal may result in in-
jury with slow recovery or even death. Therefore,
a muscle relaxant or anesthetic agent may be nec-
essary to avoid stress and mechanical injuries
related to dislodging the mollusk. Compounds
used in abalones for their removal from a tank
include 3% ethanol, 2-phenoxyethanol, benzo-
caine, magnesium sulfate, and sodium pentobar-
bital.9,10 Magnesium sulfate is administered in
water with dose ranges depending on the size of
the abalone (higher doses for larger animals).8
Induction time is fast and recovery is uneventful.
Phenoxyethanol also shows a fast induction pe-
riod and a good recovery time.8 Nembutal (so-
dium pentobarbital) produces good muscle relax-
ation with an induction time of 15 minutes and
complete recovery.9 Recovery from any anesthetic
event includes thorough washing of the abalone
and exposure to fresh flowing seawater at their
optimal temperature (18°C) until muscle
strength returns.

Cephalopods
Anatomy, Physiology, and Natural History. This
group of predatory mollusks includes such famil-
iar forms as the chambered nautilus, cuttlefish,
octopuses, and squids. Most of these animals are
pelagic and have the ability for fast locomotion.
They have closed circulatory systems, high meta-
bolic rates, and advanced nervous and sensory
systems. All have an internal skeleton (shell)
with the exceptions being the octopuses (no
shell) and the nautilus (external shell). Other
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TABLE 1. Chemical restraint and anesthetic agents used in invertebrates

Drug Dosing regimen General comment References

Benzocaine 100 mg/L Abalone anesthesia. Not sold as anesthetic in the
United States. Available from chemical supply
companies. Do not use topical anesthetic
products marketed for mammals. Prepare stock
solution in ethanol (benzocaine is poorly
soluble in water). Store in a dark bottle at room
temperature.

9,44

2.5-3 g/L Euthanasia for cephalopods. 45
400 mg/L Anesthesia of leeches. This could be applied, with

caution, to other aquatic annelids.
46

Butorphanol Fish, amphibian, and
reptile dosages can be
used with care.

For analgesia. Use with caution because dosages
are empirical; a biotest is recommended.

Carbon dioxide Blow gas over terrestrial
turbellarians.

47,48

3% to 5% Anesthesia of terrestrial arthropods. Isoflurane and
sevoflurane may be preferable with regards to
recovery; an anesthetic chamber has been
developed/described for use in the fruit fly.

33,49

Chloretone 0.1% Anesthesia of turbellarians. 48,50
Clove oil (Eugenol) 0.125 mL/L (approx.

125 mg/L) as an
immersion

Crustaceans/stock solution: 100 mg/L of eugenol
by diluting 1 part clove oil with 9 parts 95%
ethanol (eugenol is poorly soluble in water);
over-the-counter preparations available at most
pharmacies contain approximately 1 g eugenol
per mL clove oil but are not usually 100% pure.

26

Ethanol 1.5% to 3% solution Cuttlefish (Sepia sp.), may not be effective for cold
water cephalopods.

11

3% solution Abalone anesthesia. 44
5% solution Anesthesia of aquatic gastropods. 4,49
5% solution Oligochaetes. Adequate for terrestrial earthworms

such as Lumbricus terrestris.
50,51

10% solution Anesthesia of turbellarians. 48,52-54
10% solution Euthanasia of cephalopods. 45

Ethanol/menthol
(Listerine)

10% in Lymnaea saline
solution

Anesthesia of aquatic gastropods. 6

Hydroxylamine
hydrochloride

1% solution Anesthesia of turbellarians. 48,53

Ice Used to effect. Pure ice
water can also be
used.

For turbellarian anesthesia. Cover ice with filter
paper to protect the flatworms.

48,53,55

Isoflurane Can be used with an anesthetic chamber. For
anesthesia of terrestrial gastropods; arachnids.
Fast induction with a possible excitatory period.
The anesthetic depth may not be appropriate for
invasive surgery of gastropods. The gas is usually
applied at a 5% concentration for spiders and
other arachnids.

5,20-22,64

Ketamine 40-90 !g/g IM Anesthesia of crayfish with an induction time of
less than 1 min and a duration of 10 min at the
low dose and 2 h at the higher dose.

25

0.025-1 mg/kg Anesthesia of Australian giant crabs. Fast induction
(less than 30 sec) with an excitatory phase
followed by dose-dependent anesthetic duration
of 8 to 40 min.

26
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TABLE 1. Continued

Drug Dosing regimen General comment References

Lidocaine 0.4-1 mg/g IM Anesthesia of crayfish with an induction time of
less than 2 min and duration of anesthesia of 5
to 30 min when injected into the tail.

25

Magnesium chloride 1:1 isotonic salt and
seawater as an
immersion

Anesthesia of marine turbellarians. 48,56

Intracoelomic Anesthesia of sea hares (Aplysia sp.) with short
induction time (2-5 min) and good muscle
relaxation.

3

6.8 g/L Anesthesia of cephalopods. Induction time of 6 to
12 min reported in cuttlefish (Sepia sp.).

13,44

30-50 g/L Anesthesia of scallops. Fast induction time and
recovery.

19

1:1 mixture of 7.5%
with seawater

Anesthesia of echinoderms. Adjustments in
concentration may be required for long
procedures.

34,57

7.5% immersion Anesthesia of polychaetes. 58,59
10% solution Euthanasia of cephalopods.

Magnesium sulfate Intracoelomic Anesthesia of sea hares (Aplysia sp.) with short
induction time (2-5 min) and good muscle
relaxation.

3

4-22 g/100 mL Abalone anesthesia with fast induction and good
recovery.

8

Potassium chloride 1 g/kg IV (330 mg/mL
solution)

Euthanasia of American lobsters. Inject solution at
base of the second walking leg.

60

2-phenoxyethanol 0.5-3 mL/L Abalone anesthesia with fast induction and a short
recovery period.

8

1-2 mL/L 44
Procaine 25 mg/kg IV Anesthesia of crabs with a very short induction

time (less than 30 sec) and prolonged anesthesia
(2-3 h).

27

Propylene
phenoxetol

1-3 mL/L of a 1%
solution

Anesthesia of oysters. This concentration should
produce anesthesia in less than 15 min with a
short recovery time (under 30 min). Higher
doses can be used but induce a deeper level of
anesthesia. This can also be used for giant clams.

16,17,44

Sevoflurane Can be used with an
anesthetic chamber at
a 5% concentration.

Anesthesia of terrestrial arthropods. See isoflurane
for details of administration.

44

Sodium azide 100 mmol/L Anesthesia of nematodes (Caenorhabditis elegans).
This species can survive for 2 h without apparent
harm. Sodium azide is a plant and animal cell
mutagen, so proper hygiene and handling are
advised.

61,62

Sodium bicarbonate
(Alka-Seltzer;
Bayer HealthCare,
Wayne, NJ USA)

Two tablets/0.5 to 1.0 L
bath

For euthanasia of aquatic invertebrates. This
generates CO2 and should only be used when
other agents are unavailable. Keep aquatic
invertebrate in solution ! 10 min after
respiration stops. This dosage is based on the
piscine literature.

63

Sodium
pentobarbital

400 mg/L Aquatic gastropods anesthesia. Very slow onset but
apparently safe. This is a controlled drug and
should be handled and monitored accordingly.

7

1 mL/L Anesthesia of abalone. 9
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interesting features include the ability to “ink”
when disturbed or threatened and suction-cup
discs on the arms. All of the approximately 700
species of cephalopods are marine.
Anesthetic Agents Used and Techniques. Cephalo-
pods should ideally be anesthetized in their own
seawater to maintain a mineral balance between
their bodies and the water. The two most com-
monly used anesthetic agents are magnesium
chloride and ethanol.

Cuttlefish (Sepia officinalis) have been success-
fully anesthetized with 1.5% to 3% ethanol di-
luted in seawater.11 At higher concentrations in-
ductions are rapid, but there is a risk of overdos-
ing; at lower doses occasional transient
excitement has been noticed.11 Adequate dilution
to a lower concentration immediately after in-
duction will optimize anesthetic outcome. If the
procedure cannot be performed in the water, an-
esthesia is maintained with a recirculating anes-
thesia system.12 Anesthetic concentration is ad-
justed over time to the depth of anesthesia de-
sired (Fig 1).

If magnesium chloride is used as an anesthetic
agent in cuttlefish, a 7.5% stock solution is pre-
pared with distilled water.13,14 This stock solution
is mixed with a known amount of seawater to
prepare an anesthetic concentration suitable for
induction. A final concentration of 6.8 g/L has
been reported to have a short induction time
without side effects.13

Octopuses (Octopus vulgaris) are anesthetized in
a similar manner with either ethanol or magne-
sium chloride. Ethanol can stimulate excitement
during the short induction time expressed by in-
creased respiratory rate, attempts to climb out of
the solution, and/or ink ejection.15 Induction

time has been reported to be 4 minutes and time
to full recovery 2.5 minutes.15 Ethanol is not ef-
fective in cold water octopus species (below
15°C) (I. G. Gleadall, personal communication,
2006).

Cephalopods are commonly monitored with
visualization of respiratory rate and pattern. Nor-
mal conscious values for Octopus vulgaris in a
weight range from 100 to 800 g is 26 to 30
breaths/minute.15 The cardiovascular system is
assessed by placing a Doppler ultrasound probe
(Parks Medical Electronics Inc., Aloha, OR USA)
on the dorsal area (above the aorta) or behind
the gills (above either branchial heart) to moni-
tor heart rate and blood flow. In transparent spe-

FIGURE 1. A cuttlefish (Sepia officinalis) under general anesthesia with
dilute ethanol. A recirculating anesthesia apparatus is being used to
supply a steady flow of water over the gills.

TABLE 1. Continued

Drug Dosing regimen General comment References

Tricaine
methanesulfonate
(MS-222; Finquel,
Argent
Laboratories,
Redmond, WA
USA)

Dosages and efficacy
vary widely
depending on species
and application.
Consult the taxon-
specific literature for
details.

General anesthesia. Stock solution: 10 g/L, buffer
the acidity by adding sodium bicarbonate at 10
g/L or to saturation. Store stock solution in a
dark container. The shelf life of stock can be
extended by refrigeration or freezing. Stock that
develops an oily film should be discarded.
Aerate the water during anesthesia to prevent
hypoxemia. For euthanasia, keep the animal in
solution ! 20 min after respiration stops.

44,49

Xylazine 16-22 mg/kg IV Anesthesia of giant crabs. Fast induction (3-5 min)
and approximately 30 min of anesthesia (dose
dependent).

26

Abbreviations: IM, Intramuscularly; IV, Intravenously.
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cies the organs in the dorsal mantle can be ob-
served. Depth of anesthesia is difficult to assess
in cephalopods. One guideline is that the level of
anesthesia seems adequate when no response to
tactile and surgical stimuli is present.15 Further
indicators of anesthetic depth of cephalopod spe-
cies are the flaccidity of the arms, loss of normal
posture, and inability to regain normal bearing
after disturbance.15 Respiration usually remains
spontaneous; a depression or cessation is a sign
of critically deep anesthesia.

For recovery, the cephalopod is placed into a
container with aerated, anesthesia-free seawater.
If spontaneous respiration is not present, gentle
and slow mantle massage can be used until res-
piration is restored. The tentacles remain ex-
tended and flaccid in the first phase of the recov-
ery and will retract in response to light pinching
as the animal regains consciousness.11 Resuscita-
tion of cephalopods includes squeezing and re-
laxation of the whole mantle/body for water cir-
culation over the gills and hemolymph through
the body.11 Anesthesia-free water can be directed
over the gills for a washout effect to enhance the
recovery phase.

Bivalves
Anatomy, Physiology, and Natural History. This
large and economically important group of
highly evolved mollusks includes the clams, mus-
sels, oysters, and scallops. Bivalves lack a well-
developed head, feed by filtration using the gills
for food transport, and use a muscular foot for
locomotion. All of the approximately 8000 de-
scribed species are aquatic with nearly 80% being
marine.
Anesthetic Agents Used and Techniques. Oysters. Pro-
pylene phenoxetol is used as a 1% solution.
High doses induce a rapid and relative deep level
of anesthesia and may require dilution during a
procedure to decrease the recovery time.16,17 The
oyster should be placed hinge down in the solu-
tion and leaned against the wall of an aerated
container to facilitate monitoring. Induction time
is reported to be between 6 and 15 minutes, and
adequate anesthesia is reached when the oyster
gapes wide enough to part the gill curtain and
shows no responsiveness to handling or contrac-
tion of the tissue to a stimulus.16,17 Decreasing
handling stress, with a rest period before placing
oysters into the anesthesia container, will im-
prove the anesthetic effects. Recovery tanks
should be aerated, with recovery time depen-
dent on length of procedure, concentration of
anesthetic, and temperature.17

Magnesium chloride has variable effects on
oysters, with some investigators describing little
effect of magnesium chloride in pearl oysters,
mainly because of long induction times (1-2
hours).16,17 Culloty and Mulcahy reported good
anesthetic effects, but also long induction and
recovery times (90 minutes) at 3.5%.18 The effect
of magnesium chloride seems dependent on spe-
cies and concentration of the anesthetic agent
used.

Scallops. Anesthesia in scallops is required mainly
for muscle relaxation. In general, the depth of
anesthesia/relaxation is adequate when handling
and stimulating of the mantle tissue fails to stim-
ulate shell closure. Recovery is often defined as
the animal’s regained ability to close its shell.19

Magnesium chloride is the anesthetic drug of
choice in scallops because of its rapid and con-
sistent induction and recovery. The agent is pre-
dissolved in seawater and then added to the aer-
ated induction container to reach a concentration
of 30 to 50 g/L. Induction times at these concen-
trations are quick and in the range of 2 to 6
minutes. Recovery time in scallops anesthetized
with magnesium chloride is consistently short
regardless of concentration used or water temper-
ature.19 Seawater should be used in aerated re-
covery tanks and for continuously flushing the
animal to facilitate recovery.
Giant Clams. Giant clams (Tridacna sp.) have
been anesthetized with propylene phenoxetol.16

ARACHNIDA

The arachnids are a large group of animals com-
prised of approximately 70,000 described species
of terrestrial, carnivorous chelicerates.2 All Chelic-
erata, which includes the horseshoe crabs, scorpi-
ons, and sea spiders (Pycnogonida), belong to
the phylum Arthropoda. Mites, spiders, and ticks
make up the bulk of the arachnid species. Taran-
tulas (Mygalomorphae) represent an important
group of arachnids that occasionally require vet-
erinary medical care.

Spiders (Aranae)

Anatomy, Physiology, and Natural History. There
are approximately 40,000 described species of
spiders (Araneae) belonging to 3000 genera, with
thousands more species that have not been
described.2

Spiders range in size from a body of less than
a millimeter to over 9 cm.2 The basic spider body
plan includes two large segments, the cephalo-
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thorax and the abdomen, connected to each
other by the pedicel. All spiders have four pairs
of walking legs, paired chelicerae, and paired pe-
dipalps. The venomous fangs, used to immobi-
lize prey, are located at the tip of the chelicerae.
The spinneret, located at the distal end of the
abdomen, spins silk, an ability that virtually all
spiders possess.

Spiders breathe through book lungs, trachea,
or both. The heart is large and located in the
dorsal abdominal segment. Spiders possess an
open circulatory system with the hemolymph
functioning in oxygen transport, immune de-
fense, waste removal, and limb mobility.

Spiders have two main cephalothorax nerve
centers, the subesophageal and supraesophageal
ganglia, and sense their environment with vision,
tactile reception, chemoreception, and vibration
detection. Their sensing ability is accomplished
with four pairs of eyes, tactile hairs, chemosen-
sory hairs, and slit sense organs.2

Anesthetic Agents Used and Techniques. Spiders
are commonly anesthetized with inhalant anes-
thetic agents, with many compounds having
been used over the years. Of the potent inhalant
anesthetics, halothane is least desirable for inver-
tebrate anesthesia, because of the high likelihood
of potential toxicity for the veterinarian and sup-
port personnel during gas delivery.

Several different induction chambers have been
described and used successfully for delivering inhalant
anesthesia to spiders.20-22 These chambers are either
commercially available (invertebrate-specific or reg-
ular small mammal induction chambers) with ap-
propriate fresh gas inflow and scavenging outflow,
or simple self-made clear plastic containers (Fig 2).

Plastic containers without an air flow
system may be used by placing a
cotton wool swab soaked with a
small amount of inhalant agent into
the chamber. The spider should be
placed in a separate smaller con-
tainer with ventilation pores. The
porous container holding the spi-
der is placed into the larger box
allowing the inhalant to reach the
spider while ensuring that the ani-
mal cannot come into direct con-
tact with the cotton swab. This
method is not ideal because of the
higher anesthetic exposure risk to
personnel, less control of the anes-
thetic given, and a higher risk of
overdose. An induction chamber
using a precision vaporizer is much
preferred. The advantages of the
chamber technique are conve-
nience, low cost, and safety to the
patient. The disadvantage is that
the animal can only be temporarily
sedated or anesthetized. For any
physical examination or surgery the animal is
removed from the chamber, limiting the time for
any procedure before recovery, and may require
repeated inductions; this also increases the expo-
sure of humans to the anesthetic gases. A surgery
chamber has been developed that allows the cli-
nician to perform the surgery or other manipula-
tions on the patient without removal from the
chamber.21

Another interesting technique is to induce
the spider with an anesthetic chamber and
then place its abdomen (with the associated
respiratory organs) into a smaller chamber
“sealed” with a latex glove. This technique ap-
pears to have some merit when a procedure
must be performed on the cephalothorax or
limbs (D. Dombrowski, personal communica-
tion, 2006).

The most commonly used anesthetic agents for
spiders are carbon dioxide (Fig 3), isoflurane,
and sevoflurane.20-22 To increase filling time in
larger chambers the oxygen flow rate is high at
the beginning (1-3 L/min), but can be decreased
to a minimum if there are no major leaks in the
system (300-1000 mL/min). Oxygen flow below
200 mL/min decreases vaporizer accuracy and
may reduce the amount of anesthetic agent in
the chamber because of the uptake by the ani-
mal; the amount of carbon dioxide in the cham-
ber may also be elevated with low gas flows. An

FIGURE 2. An anesthetic induction chamber con-
structed from a plastic container attached to inflow and
outflow hoses. The animal (a tarantula in this image) is
placed within the chamber and anesthetic gas is applied
accordingly. Photograph courtesy of Michele Mehalick.

Of the potent
inhalant
anesthetics,
halothane is
least desirable
for invertebrate
anesthesia,
because of the
high likelihood
of potential
toxicity for the
veterinarian
and support
personnel
during gas
delivery.
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appropriate scavenging system is necessary to
decrease pollution and human exposure to anes-
thetic gases. Other agents like carbon dioxide
and nitrogen as well as hypothermia have been
used to immobilize spiders.22,23

Observing the spider for righting reflexes as-
sists monitoring depth of anesthesia. During in-
duction it may take 10 to 15 minutes until full
immobilization has occurred. Throughout the
medical procedure monitoring the patient for leg
movements in response to stimuli is an obvious
sign of insufficient anesthetic depth. An increase
in heart and respiratory rate is another sign of
inadequate depth of anesthesia. A deep level of
anesthesia is more difficult to evaluate, and slow
respiratory rate and low heart rates are often the
only way to assess a patient for excessive anesthe-
sia. An analgesic administered for painful stimu-
lations may make it easier to maintain a consis-
tent “surgical plane” of anesthesia.

Respiratory rate is observed at the cranial lat-
eral side of the animal with the heart lying under
the dorsal surface of the body. A heart rate can
be obtained by placing a Doppler transducer
over the dorsal surface of the spider’s body (Fig
4). A pinpoint or regular Doppler transducer can
be used with a drop of coupling gel. Normal
heart rates are considered to be 30 to 70 beats

per minute in large spiders and up to 200 in
smaller species. Monitoring of heart rate is usu-
ally reserved to larger spiders.

After turning off the inhalant anesthetic gas
and maintaining the animal on fresh oxygen or
room air, recovery from the procedure is gradual
and can take between 3 and 20 minutes. When
fully awake the animal should be returned to its
enclosure and maintained at its preferred ambi-
ent temperature. Feeding should be withheld for
48 hours after anesthesia.22

Scorpions

Anatomy, Physiology, and Natural History. There
are about 1200 species of scorpions; most are
nocturnal and found in the tropics and subtrop-
ics.2 They belong to the order Scorpiones and
share many traits with spiders.

The basic anatomy of scorpions consists of a
cephalothorax, segmented abdomen, and telson,
or stinger.2 Although scorpions are infamous for
their stinger and venom, a scorpion envenoma-
tion is rarely fatal to humans, usually inducing
only pain and discomfort.

Anesthetic Agents Used and Techniques. Scorpions
are anesthetized similarly to spiders (see previous
section). An induction chamber using anesthetic

FIGURE 3. Although inhalant agents like isoflurane and sevoflurane
are preferred, carbon dioxide can be used for anesthesia of air-breath-
ing invertebrates, like this tarantula. Photograph courtesy of Larry S.
Christian.

FIGURE 4. A Doppler ultrasound device (Parks Med-
ical Electronics Inc., Aloha, OR USA) being used to
find the heart rate of an anesthetized tarantula. A
properly functioning unit can detect cardiac pulses in
various invertebrates.
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gas in oxygen administered via a precision vapor-
izer is recommended.

Crustaceans

Anatomy, Physiology, and Natural History. The
crustaceans are a large and diverse group of ar-
thropods that are all aquatic at some stage in
their life. Some biologists consider this group,
with over 40,000 species, a subphylum of the
phylum Mandibulata.2 Other scientists still con-
sider crustaceans a class of the mandibulates with
an aquatic nauplius larva, two pairs of antennae,
compound eyes, biramous appendages, seg-
mented excretory organs, and a well-developed
protective carapace.24 The majority of the most
conspicuous crustaceans belong to the order De-
capoda, which includes the crabs, crayfish, her-
mit crabs, lobsters, and shrimp.

Anesthetic Agents Used and Techniques. Crusta-
ceans can be anesthetized with various agents.
Depending on the animal’s size and procedure,
MS-222 (Fig 5), isobutyl alcohol, and intramus-
cular injections of lidocaine, ketamine, or xyla-
zine have been reported (Table 1).25-28

Anesthetic Monitoring. Crustacean heart rates can
be assessed by applying electrocardiograph pads
with ample conduction gel on the shell above
the heart (Fig 6). The normal heart rate for lob-
sters is between five and 20 beats per minute
with a circadian influence (higher at night) and
30 to 70 beats per minute for the shore crab,
depending on pH and temperature of water.29,30

The depth of anesthesia is evaluated in crusta-

ceans by the relaxation of the body, ability to
withdraw extremities, and very slow antennae
withdrawal.

Insects

Anatomy, Physiology, and Natural History. The
insects, or Hexapoda, are an incredibly diverse
group with nearly a million described species.
Most are terrestrial, some are aquatic, and the
only habitat they have not exploited is the
ocean. Insects are arthropods with three major
body segments (head, thorax, abdomen) and
three pairs of legs. Most have keen eyesight,
sensory antennae, well-developed mouthparts,
and wings. They have an open circulatory sys-
tem that contains hemolymph; gases are ex-
changed through spiracles that open into a sys-
tem of tracheae.

Anesthetic Agents Used and Techniques. Carbon
dioxide remains a popular agent to immobilize
insects for entomological research, although neg-
ative effects, including convulsion and excitation
at induction, are well recognized and the risk of
mortality is high.31,33 The use of carbon dioxide
as an anesthetic agent for insects remains contro-
versial and a more progressive approach would
be a volatile anesthetic agent (e.g., isoflurane,
sevoflurane). This requires a chamber apparatus
to allow for appropriate delivery and scavenging
of the inhalant agent.33

FIGURE 6. The heart rate of this blue crab (Callinectes sapidus) is being
monitored with both a Doppler ultrasound and electrocardiograph
leads.

FIGURE 5. This spiny lobster (Panularis sp.) is under
anesthesia with 0.1% (1 mL/L of 100 mg/L stock solu-
tion) eugenol. The depth of anesthesia and gill irrigation
is being managed with a large syringe and red rubber
catheter. Photograph courtesy of Larry S. Christian.
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ECHINODERMS

Anatomy, Physiology, and Natural History

The echinoderms are a phylum of about 6000
marine species in six classes that all share, at
least at some point in their life history, pentam-
erous radial symmetry. Familiar members include
the brittle stars, feather stars, sea lilies, sea stars,
sand dollars, sea biscuits, sea urchins, and sea
cucumbers. Echinoderms have a water vascular
system used for feeding, locomotion, and trans-
port of coelomocytes (immune response cells).
Nearly all echinoderms have a skeleton com-
posed of calcareous ossicles, and in some cases,
these ossicles are fused to form an external skele-
ton or test (e.g., sea urchins). The nervous system
is composed of a nerve ring with associated ra-
dial nerves without ganglia.

Anesthetic Agents Used and Techniques

Echinoderms can be anesthetized/immobilized
with magnesium chloride or MS-222.34 Ideally they
are anesthetized in their own seawater, to keep
temperature and water content consistent. Other

reported anesthetic agents are men-
thol and propylene phenoxetol (2
mL/L in seawater).35-37

PAIN MANAGEMENT

Whether invertebrates “feel pain” is
still an unanswered topic of discus-
sion. The crux of the debate may lie
in the differentiation between noci-
ception and pain. Nociception de-
scribes the neurophysiologic com-
ponents leading to the sensation of
pain but excludes the central per-
ception of nociceptive input that
leads to pain sensation. Strictly de-
fined, pain is the “subjective sensa-
tion or emotional experience” re-
sulting from nociception and is an
experience that is created in the
cerebral cortex. Although inverte-
brates do not possess a central ner-

vous system with a well-described cortex or simi-
lar structure, it has been shown that a nocicep-
tive response is present in invertebrates, that
nociceptor cells are present, and that opioid sys-
tems have a functional role in invertebrate noci-
ception.38-42 No definitive answer exists for the
debate of whether invertebrates perceive pain
and would suffer emotional stress from it. The

animals’ response to mechanical, chemical, and
electrical stimulus is seen by withdraw-and-es-
cape behaviors. This response can be decreased
or slowed when an analgesic is used.43 It is not
clear if this decreased response is due to analge-
sia, muscle relaxation, or sedation. Until the
question of pain in invertebrates is answered,
an analgesic should be administered to any
animal that is subjected to a painful procedure,
considering that some drugs used for inverte-
brates may have muscle-relaxing properties and
lack some anesthetic potency.

Hypothermia and CO2 do not possess analge-
sic properties and an inhalant agent is preferred.
Although inhalant agents are not true analgesic
properties, they do render the mammalian pa-
tient insensible to painful stimuli when adminis-
tered at sufficient anesthetizing doses. Unfortu-
nately, the insensitivity to painful stimuli only
lasts as long as the animal is anesthetized; there-
fore, if the procedure is expected to be associated
with significant postoperative pain, the adminis-
tration of an analgesic would be advisable. Di-
luted lidocaine may be used as a topical analge-
sic agent on the body surface above a surgery
site.

CONCLUSION

We are still far from understanding all of the de-
tails of the physiology, pathophysiology, and
anatomy of invertebrates. Much more research is
needed to improve the use and increase veteri-
nary medical knowledge of anesthetics and anal-
gesics for invertebrate patients. A guideline of
drugs and doses is offered in this article, but at
this time some creativity is also needed to suc-
cessfully anesthetize invertebrate animals.32
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