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Evaluation of Five Anesthetics on Striped Bass 

Carol A. Lemm 

U.S. Fish and Wildlife Service 
National Fisheries Research Center—Leetown 

Fish Culture Laboratory 
Box 700 

Kearneysville, West Virginia 25430 

Abstract. Five anesthetics were tested on subadult striped bass (Morone saxatilis) in 
hard water at temperatures of 13°, 18°, and 23° C. The recommended concentrations of 
anesthetics for sedation (reduced reaction to external stimuli without loss of equilibrium) 
of 300- 1,500-g striped bass are 40 mg/L MS-222, 25 mg/L benzocaine, 5 mg/L quinaldine, 
5 mg/L quinaldine sulfate, and 0.5 mg/L metomidate. The lowest effective concentrations 
for immobilization (defined as anesthesia within 3 min and recovery within 10 min after 
a 15-min exposure) at 13°, 18°, and 23° C, respectively, for each anesthetic were 150,150, 
and 150 mg/L for MS-222; 85-100, 70, and 55 mg/L for benzocaine; 40, 25, and 25 mg/L 
for quinaldine; 55, 25, and 25 mgL for quinaldine sulfate; and 7.5, 10, and 10 mg/L for 
metomidate. 

Key words: Anesthetic, Morone saxatilis, sedative, striped bass, toxicity. 

Anesthetics are routinely used to sedate or im- 
mobilize fish during fish husbandry activities such 
as weighing, marking, transporting, and spawn- 
ing. Various procedures require selection of an 
anesthetic to meet certain criteria, such as rapid 
induction and recovery, deep or light anesthesia, 
minimal physiological stress to the fish, or pro- 
longed exposure time. Tests have been conducted, 
primarily with freshwater fish, to evaluate the 
efficacy of tricaine methanesulfonate (MS-222), 2- 
methylquinoline (quinaldine), 2-methylquinoline 
sulfate (quinaldine sulfate), ethyl-p-amino benzo- 
ate (benzocaine), 2-phenoxyethanol (2 PE), sodium 
bicarbonate, and r-(+) ethyl-Z-(l-phenylethyl)-lif 
imidazole-5 carboxylate (etomidate) and its analog 
(+)-l-methylbenzyl-imidazole-5-carboxylate (me- 
tomidate). Each of these drugs has advantages and 
disadvantages for use with a particular fish species 
or rearing environment. Of these anesthetic 
agents, only MS-222 is registered by the Food and 

Drug Administration (FDA) for use on food fish in 
the United States, although efforts are under way 
to register benzocaine for use on food fish (Schnick 
1988; Gilderhus 1990). 

Limited information is available on anesthetics 
for striped bass, Morone saxatilis (Tatum et al. 
1966; Luhning 1973; Davis et al. 1982; Plumb et al. 
1983; Bills et al. 1990), and those studies used fish 
of less than 100 g. Except for recent work with 
benzocaine (Gilderhus et al. 1991), information is 
lacking on the potency, safety, and effectiveness of 
anesthetics for larger striped bass. The objective of 
this study was to evaluate various anesthetics for 
subadult striped bass and to determine effective 
doses for sedation and immobilization of the fish at 
13°, 18°, and 23° C. We tested five anesthetics on 
striped bass ranging from 300 to 1,500 g during 
January 1989-December 1990 at the U.S. Fish and 
Wildlife Service Fish Culture Laboratory, 
Kearneysville, West Virginia. 
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Methods 

Fish 

Subadult Chesapeake Bay striped bass (be- 
tween 300 and 1,500 g and 25-49 cm total length) 
were held in concrete raceways (8.5 x 1.0 x 0.8 m) 
or circular 3,800-L fiberglass tanks (2.4 m in di- 
ameter) at 12.5-13.0° C and fed the U.S. Fish and 
Wildlife Service open-formula Atlantic salmon 
diet. When fish were needed for testing at 18° or 
23° C, the temperature was raised over a period of 
3-4 days, and the fish were held at the test tem- 
perature for a minimum of 14 days before being 
used in the individual tests. The tests were con- 
ducted in hard spring water (pH, 7.0-7.8; total 
alkalinity, 292 mg/L; total calcium carbonate hard- 
ness, 342 mg/L). Fish were not fed for 24 h before 
testing. 

Testing Protocol 

The criterion for the recommended working ap- 
plication (effective concentration) was the lowest 
concentration that resulted in anesthesia of the 
fish within a 3-min period and recovery within 10 
min following a 15-min exposure. The sedation 
concentration was that level resulting in reduced 
reaction of fish to external stimuli but without 
general loss of equilibrium (i.e., the fish appeared 
quiet and remained upright without response to a 
hand passed near and around the head). 

Drugs were mixed on the day of use, and an 
appropriate aliquot for the test concentration was 
added to a circular tank containing 40 L of water 
at the selected test temperature. A fish was re- 
moved from the holding tank with a soft mesh net 
and placed in the prepared exposure medium. An- 
esthesia induction time was measured from the 
moment of contact with the anesthetic until the 
fish reached approximately Stage II—Plane 2 as 
described by McFarland (1960). At this point, fish 
could be handled easily, and total length (mm) and 
weight (g) were determined for each fish. Each fish 
was returned to the exposure water for the 15-min 
duration. During each test, water temperature was 
maintained at the selected temperature (±1° C), 
and oxygen was maintained at 5 mg/L or higher. 

The pH of the test water was determined for each 
drug concentration. 

Following the exposure period, fish were trans- 
ferred to drug-free water of the same temperature 
as the exposure water. Recovery time was the 
interval required for the fish to regain equilibrium 
and normal swimming ability. Following exposure, 
the fish were returned to a separate partitioned 
rearing unit and observed for 48 h. 

Five fish were exposed at each concentration of 
the drug, beginning at low concentrations and pro- 
gressing generally by 15-mg/L increments (except 
for metomidate, where increments were 2.5 mg/L) 
until fish had been evaluated at a concentration at 
least two increments above the effective concentra- 
tion. Individuals were not used more than once 
during testing. After two fish had been exposed, the 
anesthetic and recovery solutions were replaced 
with fresh media. 

The relations between concentration, tempera- 
ture, and the time required for anesthesia and 
recovery were determined by correlation analysis 
(Pearson product moment correlation; Sokal and 
Rohlf 1981). 

Anesthetics and Their Preparation 

MS-222 and Benzocaine 

Benzocaine and MS-222 (both derivatives of p- 
amino benzoic acid) act to depress the respiratory 
centers and have been known to result in mortality 
of fish due to anoxia. Benzocaine has been used in 
veterinary and human medicine (Dawson and Gil- 
derhus 1979), and MS-222 has achieved wide ac- 
ceptance as a fish anesthetic and as a sedative in 
transportation (Schoettger and Julin 1966). 

Tricaine methanesulfonate (Crescent Research 
Chemicals, Phoenix, Arizona) is a white crystalline 
powder, which we dissolved in water to a stock 
solution of 100 mg/mL. Benzocaine (Sigma Chemi- 
cals, St. Louis, Missouri) is not water soluble and 
was dissolved in 95% ethyl alcohol for a stock 
solution of 33 mg/mL. 

Because of its acidic nature, MS-222 can reduce 
the pH of fresh water (Smit et al. 1977), which can 
be stressful to the fish (Wedemeyer 1970; Smit 
et al. 1977). Neutralization of the anesthetic solu- 
tion is recommended to reduce stressful side effects 
of a pH shift (Smit et al. 1978). However, this was 
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not necessary in our study because of the high 
buffering capacity of the test water; the highest 
concentrations of MS-222 resulted in less than a 
0.5-unit decrease in pH of the test solution. 

Quinaldine and Quinaldine Sulfate 

Quinaldine (Crescent Research Chemicals) is an 
oily liquid with a strong acrid odor and is not readily 
soluble in water. We mixed quinaldine with an equal 
volume of acetone before dilution with deionized 
water to the working concentration of 40 mg/mL. 
Quinaldine sulfate (Crescent Research Chemicals) 
is a sulfate salt of quinaldine, which we dissolved 
with 10% sodium bicarbonate and deionized water 
to produce a 50-mg/mL solution with pH 6.5-7.2 
(active quinaldine about 28.6 mg/mL). Tests on 
quinaldine sulfate were conducted at equivalent 
active quinaldine concentrations. Quinaldine and 
quinaldine sulfate have a barbiturate-like action, 
involving depression of the central nervous system 
and respiratory system (Bell 1967). Although not 
approved for general use with fish, these drugs have 
been found useful in research for anesthetizing 
various species of fish (Schoettger and Julin 1969; 
Gilderhus et al. 1973; Blasiola 1977). 

Metomidate 

Metomidate is a short-acting, water soluble, 
nonbarbiturate, hypnotic drug recently tested for 
use on a variety of marine and freshwater fish 
(Gilderhus and Marking 1987; Vermeer and Falls 
1988; Mattson and Riple 1989). This experimental 
drug, obtained by prescription from a veterinarian, 
was dissolved in water (10 mg/mL) for testing. 

Refer to Bell (1967) and Bell (1987) for general 
properties of the anesthetics, to McFarland (1959) 
for the physiological and behavioral aspects, and 
to Ross and Ross (1984) for various techniques of 
anesthesia. 

Results and Discussion 

All of the anesthetics tested were acceptable for 
use with striped bass. No fish died during the 
15-min exposures at the test concentrations or 
within the 48-h monitoring period after exposure. 
Fish generally returned to normal feeding within 
the observation period. 

Sedation 

The concentration of each anesthetic recom- 
mended for sedation of subadult striped bass is the 
same for all three water temperatures (Table 1). 
These concentrations resulted in a marked reduc- 
tion in reaction to external stimuli without a loss 
of equilibrium. The fish recovered to a normal 
swimming state shortly after transfer to anes- 
thetic-free water. These concentrations can be 
used when decreased physical activity of fish is 
necessary, such as in transportation. 

Anesthesia 

Tables 2-6 show the effects of different concen- 
trations of the drugs at the three test tempera- 
tures, the time required to induce anesthesia, and 
the subsequent time to recovery. The recom- 
mended working application is highlighted when 
the previously described test criteria were met 
(first anesthesia of the fish within a 3-min period 
and recovery within 10 min following a 15-min 
exposure). These data are considered valid for 
striped bass in hard water (>200 mg/L total hard- 
ness) when the exposure time is 15 min or less. 
Culturists who want to use these concentrations 
for longer exposures, with smaller fish, or in water 
of differing hardness should conduct a preliminary 
test at this concentration to ensure safe handling 
and recovery of the fish. 

Correlation analyses for the relations between 
anesthetic concentration, temperature, and re- 
sponse times produced the following data. Induc- 

Table 1. Recommended concentrations of anesthetic 
required to sedate 300-1,500-gstriped bass in hard 
water (200-350 mg/L as calcium carbonate). 

Anesthetic 
Concentration8 

(mg/L) 

MS-222 
Benzocaine 
Quinaldine 
Quinaldine sulfate 
Metomidate 

40 
25 

5 
5 

0.5 

Concentration that results in a reduced reaction to external 
stimuli but without loss of equilibrium. 
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tion time generally decreased with increasing con- 
centration of all drugs (MS-222, r = -0.83; benzo- 
caine, r = -0.75; quinaldine, r = -0.76; quinaldine 
sulfate, r = -0.65; metomidate, r = -0.81). Tempera- 
ture did not significantly affect induction time ex- 
cept for quinaldine (r = -0.30) and quinaldine sul- 
fate (r = -0.65). Recovery time for each drug was 
reduced as test temperature increased (MS-222, r 
= -0.41; benzocaine, r=-0.52; quinaldine, r = -0.25, 
quinaldine sulfate, r = -0.51; metomidate, r = - 
0.27). Higher drug concentrations increased the 
recovery time in all instances except for MS-222, 
where recovery time was primarily affected by tem- 

perature (benzocaine, r = 0.62; quinaldine, r = 0.78; 
quinaldine sulfate, r = 0.69; metomidate, r = 0.57). 

MS-222 

Increasing the dosage of MS-222 decreased the 
time required to produce anesthesia (r = -0.83); 
induction time was not significantly correlated 
with water temperature. Recovery time was 
longer for each concentration at 13° and 23° C 
than for the same concentration at 18° C (Table 2). 
Striped bass survived concentrations of as high as 
300 mg/L for the 15-min exposure test; however, 
recovery time of the fish tested at 13° C was as 

Table 2. Effects of MS-222 concentration and water temperature on time to anesthesia and recovery of 
striped bass (h = 5). Shaded area defines the recommended concentration for each water temperature. 
Criteria: anesthesia within about 3 min and recovery within 10 min following a 15-min exposure. 

Induction time Recovery time 

Water (mir i)to (min) to 

temperature Concentration anesthesia normal swimming 

eo (mg/L) (x± SD) (x± ÜU) 

13 40 8.81: 11.99 a 14.44 ■ t3.78 

55 6.55: !:2.45 11.68 t2.04 

70 4.60 t0.71 12.15 + 0.90 

85 3.71 ±0.36 12.52 ±0.99 

100 
:::TCA::i::-'-"' 

3.16 
9 70 

±0.23 
±0.31 

12.54 
9.69 

±2.78 
±'■■'3.35..- 

200 2.62 ±0.23 9.99 ±1.23 

300 1.78 ±0.09 22.46 ±10.97 

18 40 
i 3 4.17 ±0.61 

55 10.50c 6.13 ±1.06 

70 6.43 ±1.33 8.37 ±1.76 

85 5.13 ±0.83 8.85 ±1.51 

100 3.50 ±0.33 
±0.43 

±19 

4.28 ±0.53 

200 

2.45 
1.86 

4.21 
5.79 

+ U.p / 
± 1.37 

300 1.84 + 0.18 8.23 ±3.03 

23 40 
b 8.61 ±1.24 

55 12.06 ±1.37 7.48 ±0.42 

70 7.37 ±1.26 8.19 ±1.28 

85 4.02 + 0.39 8.66 ±1.37 

100 3.11 ±0.38 4.41 ±0.53 

150 2.06 ±0.24 5.95 + 1:45 

200 1.83 ±0.10 11.78 ± 3.94 

300 1.15 ±0.15 9.18 ±3.24 

aTwo of five fish anesthetized in 15 min. 
bFish were not anesthetized in 15 min. 
c One of five fish anesthetized in 15 min. 
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long as 41.5 min (mean 22.46 + 10.97 min). Al- 
though the recommended concentration for all 
temperatures is 150 mg/L, a concentration of 100 
mg/L is equally acceptable and, for safety reasons, 
may be preferable when handling fish at 23° C. 
Striped bass in this study recovered from MS-222 
exposures in a violent manner, particularly at 13° C. 
Recovery was characterized by violent and erratic 
swimming, impacting the sides of the tank, and 
"tail walking." In tail walking the fish, oriented 
vertically, moved around the tank with the head 
and upper body bobbing out of the water. These 
behaviors seem stressful to the fish and support 
some observations about MS-222 producing hy- 
peractivity in spawning striped bass (B. Florence, 
Maryland Department of Natural Resources, per- 
sonal communication). A current FDA regulation 
(Schnick et al. 1989), which requires that fish 

treated with MS-222 be held for 21 days before 
being consumed as food, is a substantial limitation 
for regular use of the drug in aquaculture and in 
situations where wild fish are captured, anesthe- 
tized for spawning, and immediately returned to 
the natural environment. 

Benzocaine 

A benzocaine concentration of 100 mg/L resulted 
in anesthesia within 3 min at 13° C. However, 
recovery times for all concentrations exceeded 10 
min at this temperature (Table 3). A concentration 
of 70 mg/L met the test criteria at 18° C, and 
55 mg/L at 23° C. This inverse relation between 
temperature and concentration required for anes- 
thesia was also observed by Gilderhus et al. (1991) 
with striped bass. Recovery times of fish after 
exposure to benzocaine increased with increasing 

Table 3. Effects of benzocaine concentration and water temperature on time to anesthesia and recovery of 
striped bass (h = 5). Shaded area defines the recommended concentration for that water temperature. 
Criteria: anesthesia within or close to 3 min and recovery within 10 min following a 15-min exposure. 

Water 
temperature 
(°C) 

Concentration 
(mg/L) 

Induction time 
(min) to 

anesthesia 
(x ± SD) 

Recovery time 
(min) to 

normal swimming 
(x±SD) 

13 25 a a 

40 10.80 b 13.27 ± 3.98 
55 4.60 ± 0.69 11.71 ± 1.19 
70 3.41 ± 0.32 14.62 ± 2.84 
85 3.37 ± 0.54 22.04 ± 5.62 

100 2.25 ± 0.10 16.71 ± 3.79 
150 2.18 ± 0.33 24.72 ± 6.73 

18 25 C 5.41 ± 0.50 
40 5.55 ± 0.34 6.43 ± 0.72 
55 
70 

3.51 ± 0.38 6.00 ± 3.01 
6.41 ± 1.52 

10.61 ± 1.66 85 2.35 ± 0.20 
100 2.16 ± 0.27 10.47 ± 2.24 

23 25 11.49 ± 0.37 7.18 ± 1.27 
40 5.76 ± 0.54 8.03 ± 1.59 
55 2.52 ±0.15 ■■';   8:Ö7±2,59 
70 2.11 ± 0.06 9.17 ± 1.22 
85 2.09 ± 0.25 8.67 ± 1.41 

am   , 
100 1.50 ±0.15 13.64 ± 4.67 

Test not performed at this concentration, 
DOne of five fish anesthetized in 15 min. 
' Fish were not anesthetized in 15 min. 
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concentration (r = -0.62) and decreased with in- 
creasing temperature (r = -0.52). No fish died at 
any of the test concentrations during 15-min expo- 
sures. Previous work (Gilderhus et al. 1991) indi- 
cated that striped bass of 100 to 400 g could toler- 
ate maximum concentrations of 110-130 mg/L 
benzocaine and were able to survive for up to 45 
min in a concentration of 55 mg/L at 22° C and for 
60 min in a concentration of 65 mg/L at 13° C. 

Behavior of a fish during recovery from anes- 
thesia with benzocaine differed from the recovery 
of fish from MS-222. After righting itself, the fish 
swam calmly around the recovery tank with its 
nose just out of the water and body at a 45° angle. 
The fish resumed a normal swimming posture 
without evidence of hyperactivity. In general, the 
fish appeared to be less stressed during the recov- 
ery period. Laird and Oswald (1975) also found 

benzocaine to be less of an excitant than unbuf- 
fered MS-222. 

Benzocaine is effective on striped bass at lower 
concentrations than MS-222 (e.g., at 18° C, the 
effective concentration was 70 mg/L for benzocaine 
vs. 150 mg/L for MS-222), is less expensive (benzo- 
caine = $0.07/g; MS-222 = $0.23/g), does not de- 
press pH when the ethyl ester form is used, and 
seems to be less stressful to the fish during anes- 
thesia and recovery. Benzocaine is already ap- 
proved for use in humans and is, therefore, a rea- 
sonable drug candidate for use with fish. After 
registration by the FDA, benzocaine could replace 
MS-222 for routine fish anesthesia. 

Quinaldine and Quinaldine Sulfate 

Quinaldine and quinaldine sulfate, when com- 
pared at equivalent concentrations of quinaldine, 

Table 4. Effects of quinaldine concentration and water temperature on time to anesthesia and recovery of 
striped bass (h = 5). Shaded area defines the recommended concentration for that water temperature. 
Criteria: anesthesia within or close to 3 min and recovery within 10 min following a 15-min exposure. 

Water 
temperature 
(°Q 

Concentration 
(mg/L) 

Induction time 
(min) to 

anesthesia 
(x+SD) 

Recovery time 
(min) to 

normal swimming 
(x ± SD) 

13 5 
a 2.55 ± 0.28 

10 4.03 ± 1.18 3.89 ± 0.46 

25 3.03 ± 0.57 6.12 ± 0.89 

f40    - 2.56 ±0.25 8.88 ±L53 

55 2.27 ± 0.25 8.15 ± 0.66 

70 1.98 ± 0.19 16.49 ± 4.92 

110 1.27 ± 0.07 17.60 ± 2.42 

18 5 
a 1.89 ± 0.40 

10 4.25 ± 1.16 2.99 ± 0.31 

l 25 w^ :; 2.78 ±0.36 5.09*0.86;; 

40 2.79 ± 0.42 4.41 ± 0.39 

55 2.07 ± 0.51 7.42 ± 2.00 

70 1.74 ± 0.26 8.59 ± 1.37 

110 1.37 ± 0.18 10.16 ± 0.69 

23 5 
a 2.88 ± 0.38 

10 5.02 ± 1.30 
1 RQ + o nq 

3.17 ±1.01 
5 15 ±0 53 4*0 

40 1.60 ± 0.27 5.85 ± 0.85 

55 1.16 ±0.13 9.16 ± 0.68 

70 1.06 ± 0.06 9.75 ± 3.81 

110 1.12 ± 0.26 9.31 + 1.40 
aFish were not anesthetized in 15 min 
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Table 5. Effects of quinaldine sulfate concentration and water temperature on time to anesthesia and 
recovery of striped bass (n = 5). Shaded area defines the recommended concentration for that water 
temperature. Criteria: anesthesia within or close to 3 min and recovery within 10 min following a 
15-min exposure. 

Water 
temperature 
(°C) 

Concentration 
(mg/L) 

Induction time 
(min) to 

anesthesia 
(x±SD) 

Recovery time 
(min) to 

normal swimming 
(x±SD) 

13 5 a 2.56 ± 0.54 
10 6.32 + 0.88 3.45 ± 0.48 
25 4.01 ± 0.84 8.52 ± 1.18 
40 3.48 ± 0.38 9.64 ± 2.68 

■§5 2.59 * 0.39 11.74 ± 1.27 
70 1.78 ± 0.27 16.98 ± 2.34 

110 1.97 ± 0.09 21.02 ± 2.03 
18 5 a 2.83 ± 0.77 

10 3.76 + 0.65 3.55 ± 0.78 
25 ■;'■.;■ 2:77±::o.46.,; 5.44 ± 0.83 
40 2.10 ± 0.32 5.86 ± 0.81 
55 1.68 ± 0.30 7.74 + 1.08 
70 2.00 ± 0.28 10.59 + 1.60 

110 1.49 ± 0.14 11.62 ± 1.41 
23 5 a 2.29 ± 0.41 

10 a 2.07 + 0.23 
25 2.24 ±0.35 3.76 ± 0.66 
40 1.31 ±0.18 3.62 ± 0.55 
55 1.31 ±0.21 4.53 ± 0.17 
70 1.15 ± 0.08 6.86 + 0.43 

110 1.18 ±0.10 7.95 ± 1.21 
Fish were not anesthetized in 15 min. 

produce essentially the same results (Tables 4 and 5). 
A higher concentration was required to produce an- 
esthesia at 13° C (40-55 mg/L) than at 18° or 23° C 
(25 mg/L for both drugs). Fish subjected to qui- 
naldine or quinaldine sulfate immediately re- 
sponded to the chemical irritation of the drug at 
the gills. After the first indication of sedation, 
fish progressed rapidly to a total loss of equilib- 
rium. As discussed by others (Meunch 1958; 
Locke 1969; Schoettger and Julin 1969), the qui- 
naldine drugs fail to completely block the reflex 
response of the fish (strong stimuli can result in 
a jerking movement of the fish). However, at the 
recommended concentrations, striped bass could 
be easily handled for such processes as weighing, 
measuring, and tagging, although problems might 

occur at these concentrations if surgical proce- 
dures required total immobility. 

One of the benefits of using these drugs is the 
rapid induction and recovery of the fish without 
hyperactivity during either stage. During recov- 
ery, the fish first remains immobile, but after right- 
ing itself, the fish swims off quickly without any 
lingering evidence of the effects of the anesthesia. 
This rapid recovery could be important, for exam- 
ple, when fish are anesthetized before being re- 
leased into the natural environment. Of the two 
products, quinaldine sulfate is preferable because 
it does not irritate human mucous membranes. 
Quinaldine seems to lose its effectiveness as pH 
decreases and is totally ineffective at pH levels less 
than or equal to 5 (Schoettger and Julin 1969). 
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Metomidate 

Rapid anesthesia of striped bass was obtained 
with metomidate at 7.5 mg/L and above. Fish 
succumbed quickly to the drug with no hyperac- 
tivity and little struggling. However, recovery 
time was generally increased. Although all fish 
survived and regained equilibrium and swimming 
ability, the fish tended to move to a corner of the 
recovery tank and remain quiet for some period 
after the initial recovery. This behavior made it 
difficult to determine the time required for full 
recovery. Therefore, the recovery times shown for 
metomidate are conservative. Recovering fish 
were darker than fully recovered fish swimming 
actively in the tank and fish not exposed to the 

drug. These behavioral differences may be related 
to the hypnotic effect of metomidate, which in- 
duces sleep rather than general anesthesia 
(Janssen et al. 1975). The prolonged after-effects 
of the drug were evident at all concentrations 
tested and were dramatically different from the 
rapid recovery seen in fish exposed to benzocaine 
and quinaldine derivatives. This characteristic of 
metomidate should be considered when recovery 
time is critical, such as when fish are returned to 
a natural environment after anesthesia. Gil- 
derhus and Marking (1987) excluded metomidate 
and etomidate from further research and as poten- 
tial candidates for registration because of the ex- 
tended recovery time required. However, because 
previous work (Davis et al. 1982; Limsuwan et al. 

Table 6. Effects of metomidate concentration and water temperature on time to anesthesia and recovery 
of striped bass (h = 5). Shaded area defines the recommended concentration for that water temperature. 
Criteria: anesthesia within or close to 3 min and recovery within 10 min following a 15-min exposure. 

Water 
temperature Concentration 

(mg/L) 

Induction time 
(min) to 

anesthesia 
(x ± SD) 

Recovery time 
(min) to 

normal swimming 
(x ± SD) 

13 0.5 a 2.97 ± 0.25 
2.5 4.87 ± 0.17 9.03 ± 0.98 
5.0 2.94 ± 0.48 10.64 ± 1.41 

!i-  7.5 2.03 ±0.46 9;35 ±0.93 
10.0 1.28 ± 0.22 10.72 ± 1.10 
15.0 1.03 ±0.15 13.66 ± 0.38 
20.0 1.16 ± 0.20 48.51 ± 5.49 

18 0.5 a 2.65 ± 6.16 
2.5 10.83 ± 1.22 5.82 ± 0.53 
5.0 3.24 ± 0.29 12.98 ± 2.76 
7.5 1.64 ± 0.40 14.35 ± 2.69 

mo    : 2.23 ±0.46 11.42 ±1.44 
15.0 1.24 ±0.19 12.47 ± 1.28 
20.0 1.16 ±0.11 15.93 ± 0.38 

23 0.5 a a 

2.5 a 3.18 ± 0.66 
5.0 5.82 ± 0.91 8.47 ± 0.61 
7.5 2.60 ± 0.39 11.82 ± 1.51 

10.0 1.64 ±0.22 10.17 ±0.69 
15.0 1.26 ±0.12 11.02 ± 1.84 
20.0 1.23 ±0.14 9.70 ± 1.58 

"Fish were not anesthetized in 15 min. 
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1983) indicated that etomidate and metomidate 
caused less physiological stress to fish (as evi- 
denced by blood characteristics), further experi- 
mentation on these drugs is warranted. A less 
stressful drug would be invaluable for the culture 
offish such as the striped bass and its hybrids, red 
drum, and several other species known to suc- 
cumb to handling and transportation stress 
(Tomasso et al. 1980; Tomasso and Carmichael 
1988; Davis and Parker 1990). Metomidate is an 
experimental drug and would require FDA regis- 
tration before being routinely available for use in 
fish culture. 

While all five anesthetics were found effective 
for striped bass under these test conditions, anes- 
thetic potency may be influenced by such factors as 
size of fish, temperature, water pH and hardness, 
length of exposure, and health of the fish. The 
information supplied in this report should be used 
as a guide to anesthetic usage with striped bass. 
Pretesting should be conducted with a small num- 
ber of fish before the drugs are used on valuable 
stocks or large quantities of fish. 

Acknowledgment 

I thank David Weiler for facility fabrication, 
daily care of the fish, and assistance in conducting 
the tests. 

References 

Bell, G. R. 1967. A guide to the properties, charac- 
teristics and uses of some general anesthetics for fish. 
Fisheries Research Board of Canada Bulletin 148. 
11pp. 

Bell, G. R. 1987. An outline of anesthetics and anesthesia 
for salmonids, a guide for fish culturists in British 
Columbia. Canadian Technical Report of Fisheries 
and Aquatic Sciences 1534. 16 pp. 

Bills, T. D., G. E. Howe, and L. L. Marking. 1990. Effects 
of water temperature, hardness, and pH on the toxic- 
ity of benzocaine to eleven freshwater fishes. U.S. 
Fish and Wildlife Service Investigations in Fish Con- 
trol 102. 6 pp. 

Blasiola, G. C, Jr. 1977. Quinaldine sulfate, a new 
anesthetic formulation for tropical marine fishes. 
Journal of Fish Biology 10:113-119. 

Davis, K. B., andN. C. Parker. 1990. Physiological stress 
in striped bass: effect of acclimation temperature. 
Aquaculture 91:349-358. 

Davis, K. B., N. C. Parker, and M. A. Suttle. 1982. 
Plasma corticosteroids and chlorides in striped bass 
exposed to tricaine methanesulfonate, quinaldine, 
etomidate, and salt. Progressive Fish-Culturist 
44:205-207. 

Dawson, V. K., and P. A. Gilderhus. 1979. Ethyl-p-ami- 
nobenzoate (benzocaine): efficacy as an anesthetic for 
five species of freshwater fish. U.S. Fish and Wildlife 
Service Investigations in Fish Control 87. 5 pp. 

Gilderhus, P. A. 1990. Benzocaine as a fish anesthetic: 
efficacy and safety for spawning-phase salmon. Pro- 
gressive Fish-Culturist 52:189-191. 

Gilderhus, P. A., B. L. Berger, J. B. Sills, and P. D. 
Harman, 1973. The efficacy of quinaldine sulfate as 
an anesthetic for freshwater fish. U.S. Fish and Wild- 
life Service Investigations in Fish Control 49. 6 pp. 

Gilderhus, P. A, C. A. Lemm, and L. C. Woods III. 1991. 
Benzocaine as an anesthetic for striped bass. Progres- 
sive Fish-Culturist 53:105-107. 

Gilderhus, P. A., and L. L. Marking. 1987. Comparative 
efficacy of 16 anesthetic chemicals on rainbow trout. 
North American Journal of Fisheries Management 
7(2):288-292. 

Janssen, P. A., C. J. E. Niemegeers, and R. P. H. Mars- 
boom. 1975. Etomidate, a potent non-barbiturate 
hypnotic. Intravenous etomidate in mice, rats, guinea 
pigs, rabbits and dogs. Archives Internationales de 
Pharmocodynamie et de Therapie 214:92-132. 

Laird, L. M., and R. L. Oswald. 1975. A note on the use 
of benzocaine (ethyl p-aminobenzoate) as a fish an- 
aesthetic. Journal of the Institute of Fisheries Man- 
agement 6:92-94. 

Limsuwan, C, T. Limsuwan, J. M. Grizzle, and J. A. 
Plumb. 1983. Stress response and blood charac- 
teristics of channel catfish (Ictaluruspunctatus) after 
anesthesia with etomidate. Canadian Journal of 
Fisheries and Aquatic Sciences 40:2105-2112. 

Locke, D. 0.1969. Quinaldine as an anesthetic for brook 
trout, lake trout, and Atlantic salmon. U.S. Fish and 
Wildlife Service Investigations in Fish Control 24. 
5 pp. 

Luhning, C. W. 1973. Residues of MS-222, benzocaine 
and their metabolites in striped bass following anes- 
thesia. U.S. Fish and Wildlife Service Investigations 
in Fish Control 13. 15 pp. 

Mattson, N. S., and T. H. Riple. 1989. Metomidate, a 
better anesthetic for cod {Gadus morhua) in compari- 
son with benzocaine, MS-222, chlorobutanol, and 
phenoxyethanol. Aquaculture 83:89-94. 

McFarland, W. N. 1959. A study of the effects of anes- 
thetics on the behavior and physiology of fishes. 



10    RESOURCE PUBLICATION 196 

Pages 23-55 in Publication 6 of the Institute of Ma- 
rine Science, University of Texas, Austin. 

McFarland, W. N. 1960. The use of anesthetics for the 
handling and the transport of fishes. California Fish 
and Game 46:407-431. 

Muench, B. 1958. Quinaldine, a new anesthetic for fish. 
Progressive Fish-Culturist 20:42-44. 

Plumb, J. A., T. E. Schwedler, and C. Limsuwan. 1983. 
Experimental anesthesia of three species of freshwa- 
ter fish with etomidate. Progressive Fish-Culturist 
45:30-33. 

Ross, L. G., and B. Ross. 1984. Anaesthetic and sedative 
techniques for fish. Brown, Son and Ferguson, Ltd., 
Glasgow, Scotland. 35 pp. 

Schnick, R. A. 1988. The impetus to register new 
therapeutants for aquaculture. Progressive Fish-Cul- 
turist 50:190-196. 

Schnick, R. A., F. P. Meyer, and D. L. Gray. 1989. A guide 
to approved chemicals in fish production and fishery 
resource management. U.S. Fish and Wildlife Service 
Publication MP 241. 24 pp. 

Schoettger, R. A., and A. M. Julin. 1966. Efficacy of 
MS-222 as an anesthetic on four salmonids. U.S. Fish 
and Wildlife Service Investigations in Fish Control 
13. 15 pp. 

Schoettger, R. A., and A. M. Julin. 1969. Efficacy of 
quinaldine as an anesthetic for seven species of fish. 
U. S. Fish and Wildlife Service Investigations in Fish 
Control 13. 8 pp. 

Smit, G. L., W. T. Barham, and H. J. Schoonbee. 1977. 
Some effects of the anesthetic MS-222 on freshwater 
fish. South African Journal of Science 73:351-352. 

Smit, G. L., P. S. J. Halliday, and J. Hattingh. 1978. The 
effects of neutralization of the anesthetic MS-222 on 
freshwater quality. Journal of the Limnology Society 
of South Africa 4:31-34. 

Sokal, R. R, and F. J. Rohlf. 1981. Biometry. W. H. 
Freeman and Company, New York. 859 pp. 

Tatum, B. L., J. D. Bayless, E. G. McCoy, and W. B. 
Smith. 1966. Preliminary experiments in the artifi- 
cial propagation of striped bass (Roccus saxatilis). 
Proceedings of the Annual Conference Southeastern 
Association of Game and Fish Commissioners 
19:374-389. 

Tomasso, J. R., and G. J. Carmichael. 1988. Handling 
and transport-induced stress in red drum fingerlings 
(Sciaenops ocellatus). Contributions in Marine Sci- 
ence 30:133-138. 

Tomasso, J. R, K. B. Davis, and N. C. Parker. 1980. 
Plasma corticosteroid and electrolyte dynamics of 
hybrid striped bass (white bass x striped bass) during 
netting and hauling. Proceedings of the World 
Mariculture Society 11:303-310. 

Vermeer, G. K., and B. Falls. 1988. Evaluation of me- 
tomidate as an anesthetic for common snook. Sympo- 
sium on the Culture of Red Drum and Other Warm 
Water Fishes, Corpus Christi, Texas. June 22-24, 
1987. Contributions in Marine Science 30:197. 

Wedemeyer, G. 1970. Stress of anesthesia with M.S. 222 
and benzocaine in rainbow trout (Salmo gairdneri). 
Journal of the Fisheries Research Board of Canada 
27:909-914. 

* U.S. GOVERNMENT PRINTING OFFICE 1993-0-774-275/80012 



A list of current Resource Publications follows. 

178. Section 404 and Alterations in the Platte River Basin of Colorado, by Douglas N. 
Gladwin, Mary E. Jennings, James E. Roelle, and Duane A. Asherin. 1992. 19 pp. 

179. Hydrology of the Middle Rio Grande From Velarde to Elephant Butte Reservoir, New 
Mexico, by Thomas F. Bullard and Stephen G. Wells. 1992. 51 pp. 

180. Waterfowl Production on the Woodworth Station in South-central North Dakota, 
1965-1981, by Kenneth F. Higgins, Leo M. Kirsch, Albert T. Klett, and Harvey W. Miller. 
1992. 79 pp. 

181. Trends and Management of Wolf-Livestock Conflicts in Minnesota, by Steven H. Fritts, 
William J. Paul, L. David Mech, and David P. Scott. 1992. 27 pp. 

182. Selection of Prey by Walleyes in the Ohio Waters of the Central Basin of Lake Erie, 
1985-1987, by David R. Wolfert and Michael T. Burr. 1992. 14 pp. 

183. Effects of the Lampricide 3-Trifluoromethyl- 4-Nitrophenol on the Pink Heelsplitter, by 
Terry D. Bills, Jeffrey J. Rach, Leif L. Marking, and George E. Howe. 1992. 7 pp. 

184. Methods for Detoxifying the Lampricide 3-Trifluoromethyl-4-Nitrophenol in a Stream, 
by Philip A. Gilderhus, Terry D. Bills, and David A. Johnson. 1992. 5 pp. 

185. Group Decision-making Techniques for Natural Resource Management Applications, by 
Beth A. K. Coughlan and Carl L. Armour. 1992. 55 pp. 

186. DUCKDATA: A Bibliographic Data Base for North American Waterfowl (Anatidae) and 
Their Wetland Habitats, by Kenneth J. Reinecke and Don Delnicki. 1992. 7 pp. 

187. Dusky Canada Goose: An Annotated Bibliography, by Bruce H. Campbell and John E. 
Comely. 1992. 30 pp. 

188. Human Disturbances of Waterfowl: An Annotated Bibliography, by Robert B. Dahlgren 
and Carl E. Korschgen. 1992. 62 pp. 

189. Opportunities to Protect Instream Flows and Wetland Uses of Water in Nevada, by 
James L. Bingham and George A. Gould. 1992. 33 pp. 

190. Assessment of Habitat of Wildlife Communities on the Snake River, Jackson, Wyoming, 
by Richard L. Schroeder and Arthur W. Allen. 1992. 21 pp. 

191. Evaluating Temperature Regimes for Protection of Smallmouth Bass, by Carl L. 
Armour. 1993. 26 pp. 

192. Sensitivity of Juvenile Striped Bass to Chemicals Used in Aquaculture, by Terry D. Bills, 
Leif L. Marking, and George E. Howe. 1993. 11 pp. 

193. Introduction of Foxes to Alaskan Islands — History, Effect on Avifauna, and 
Eradication, by Edgar P. Bailey. 1993. 52 pp. 

194. Distribution and Abundance of Predators that Affect Duck Production — Prairie Pothole 
Region, by Alan B. Sargeant, Raymond J. Greenwood, Marsha A. Sovada, and Terry L. 
Shaffer. 1993. 96 pp. 

195. Evaluating Temperature Regimes for Protection of Walleye, by Carl L. Armour. 1993. 
22 pp. 

NOTE: Use of trade names does not imply U.S. Government endorsement of commercial products. 



TAKE PRIDE 
in America 

U.S. DEPARTMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

As the Nation's principal conservation agency, the Department of the Interior has 
responsibility for most of our nationally-owned public lands and natural resources. 
This includes fostering the sound use of our lands and water resources; protecting 
our fish, wildlife, and biological diversity; preserving the environmental and cultural 
values of our national parks and historical places; and providing for the enjoyment 
of life through outdoor recreation. The Department assesses our energy and mineral 
resources and works to ensure that their development is in the best interests of all 
our people by encouraging stewardship and citizen participation in their care. The 
Department also has a major responsibility for American Indian reservation 
communities and for people who live in island territories under U.S. administration. 


