shown, it seems unlikely that either
auxin destruction or inhibition of synthe-

sis could be responsible for the observed -

differential. Third, when the tips were
totally split, and an‘impermeable barrier
was placed between the halves, unilat-
eral light failed to produce any differ-
ential at all. Again, if either auxin de-
struction or inhibition of synthesis were
responsible for the observed differential
in the partially split tips, one would not
expect a total barrier to make any differ-
ence in the amounts of auxin obtained.
Thus, diffusions 1g and 1% should be
comparable to le and 1f. The most rea-
sonable explanation for these results is
that unilateral light actually induces a
lateral movement of auxin from the
light to the dark side of-the coleoptile,
and in this way effects the observed
auxin differential.

Further experiments are in progress
to determine the effect of a range of
light dosages on lateral auxin move-
ment, and to attempt to determine in
what part of the tip the lateral transport
is occurring.

WinsrLow R. Bricas
Ricaarp D. TocHER
James F. WiLson
Department of Biological Sciences,
Stanford University,
Stanford, California

References and Notes

1. F. W. Went and K. V. Thimann, Phytohor-
mones (Macmillan, New York, 1937).

J. van Overbeek, Botan. Rev. 5, 655 (1939).
F. W. Went, Rec. trav. Botan. néerl. 25, 1
(1928). )

A. W. Galston, Botan. Rev. 16, 361 (1950).
———, Proc. Natl. Acad. Sci. U.S. 35, 10
(1949).

Rl o

and R. S. Baker, Am. J. Botany 36, 773

o

(1949).

7. This work was supported in part by a grant to
one of us (W.R.B.) from the National Science
Foundation.

24 May 1957

Method of Anesthetizing
Large Sharks and Rays
Safely and Rapidly

In the course of an experimental study
dealing with the influence of the anterior
pituitary on mating behavior and repro-
duction in elasmobranchs, it recently be-
came necessary to handle sharks and rays
of considerable size. Of the many tran-
quilizers and anesthetics that were tried,
the narcotic known commercially as
M.S. 222, a meta-amino-benzoic acid-
ethylester in the form of a methan-sul-
fonate, proved to be the most useful (7).

For a quarter of a century, M.S. 222
has been used by the experimental em-
bryologist as an anesthetic for amphibian
embryos and small teleosts. Rothlin (2)
notes that it is isomeric with anesthesin,
3 times less toxic than Novocain, 10
times less toxic than cocaine, and highly

212

S

I - A )

LITERS OF SEAWATER PER GRAM OF M$222

L L L
1 2 3 -

minuTES
TIME ELAPSING BEFORE LOSS OF MUSCULAR ACTIVITY

Fig. 1. Relationship between the concen-
tration of M.S. 222 utilized and the rapid-
ity of its action on a young female lemon
shark. An initial dose of 100 ml of M.S.
222 solution was sprayed over the gills at
the beginning of each experiment. When
weaker concentrations were used, addi-

. tional doses of 100 ml were administered

every 60 seconds.

soluble in water. McGovern and Rugh
(3), using a dilution of 1/3000 on frog
eggs and sperms, found that M.S., 222
does not affect sperm motility and fer-
tilizing power, nor does it have any effect
on ciliary action; however, it does act
quickly on skeletal muscle and effectively
immobilizes frog embryos immersed in
the solution in 30 to 80 seconds. Schotté
and Butler (4) point out that M.S. 222
is of great value as an anesthetic in ex-
periments with urodele larvae, since a
stock solution of 1/1000 may be steri-
lized in the autoclave without loss of its
narcotic properties and with no increase
in toxicity. These investigators have
“often kept animals for two consecutive
days, and longer, in a 1/10,000 solution
without ill effects. Moreover, no cumu-
lative effects have been observed, inas-
much as the same larvae have frequently
been submitted to a total duration of 10
days of narcosis within a single month.”
Many others, including Christensen (5),
Copenhaver (6), Glucksohn (7), Rot-
mann (8), Sato (9), and Witschi (10),
have successfully employed M.S. 222 as
an anesthetic by simply immersing am-
phibian embryos or small teleosts in a
solution of 1 g of M.S. 222 dissolved in
3000 ml of spring water.

Because of the large size of the elasmo-
branchs that were investigated, complete
immersion in a solution of M.S. 222 was
out of the question. An alternative
method of utilizing this narcotic was
therefore developed, and because of the
ease with which it is applied while the
fish is still vigorously straining at the
hook or harpoon in the water alongside
the boat, because its action is dramati-
cally prompt, and because recovery
after narcotization is invariably com-
plete, we believe our method may be of
some interest and value to others (71).

For the most rapid results, a concen-
tration of 1/1000 (1 g of M.S. 222 in 1
lit of sea water) is utilized. On smaller
species, 100 ml, and on larger fish, up to

1 lit, of this solution is introduced into
the mouth of a shark or the spiracles of
a ray and sprayed over the gill exits of
the pharynx by means of a water pistol,
rubber-bulb syringe, or small, pump-type
hand sprayer. During the period of ap-
plication, the head of a large fish should
be held above the level of the water by
means of a gaff or the leader that is at-
tached to the hook or harpoon point;
smaller fish may be temporarily removed
from the water. The drug is quickly ab-
sorbed by the gills, and its action is rapid.
Within 15 seconds the M.S. 222 solution
begins to take effect and, as a rule, even
a 400-pound shark is anesthetized in 1
minute or less. The shark or ray may
then be readily handled, either out of
or-in the water, until the first stage of
recovery takes place, within 5 to 30 min-
utes after the animal is returned to the
water; this varies with the size of the
elasmobranch and the dosage. Recovery
may be delayed with an additional ap-
plication of M.S. 222 solution at this
time or may be hastened by washing the
gills ‘with fresh sea water (either by
“walking” a large shark, with its mouth
kept open, around the pool or by direct-
ing a stream of fresh sea water into its
mouth).

Figure 1 is based on a series of tests
in which concentrations ranging from
1/1000 to 1/10,000 were used on a
lemon shark (Negaprion brevirostris)
that weighed 9%, pounds. A 1/1000 con-
centration of M.S. 222 solution acted in
approximately 20 seconds, while weaker
concentrations of M.S. 222 solution acted
much less rapidly. When the recom-
mended 1/1000 concentration of M.S.
222 solution is utilized, the size of the
dose needed to anesthetize a shark or
ray within 1 minute is suggested in Fig. 2.

M.S. 222 has been employed effec-
tively on four genera of sharks and two
genera of rays, and, in every case, re-
covery has been complete and the fish
appears to have been quite unharmed by
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Fig. 2. Size of dose of M.S. 222 solution
(1/1000 concentration) recommended to
anesthetize a shark or ray in 60 seconds or
less. The solution should be sprayed over
the gill exits of the pharynx while the head
of the elasmobranch is held above the level
of the water. If the head remains under
water, proportionally stronger concentra-
tions must be utilized.
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the treatment. Sharks have been kept
alive for as much as 1 month after treat-
ment and have shown no ill effects.
The advantages of this simple method
for anesthetizing elasmobranchs are ob-
vious. M.S. 222 is easily applied to the
gills by way of the mouth or spiracles
and acts rapidly on large or small fish
(12), and recovery is gradual and in-
variably complete. It would appear that
this drug, and the method of application
we have outlined here, might be useful
not only to the experimental zoologist
but to those concerned with capturing
large fish, either for exhibition purposes
or for food (13).
Perry W. GILBERT*
F. G. Woop, ]Jr.
Department of Zoology, Cornell
University, Ithaca, New York, and
Marineland Research Laboratory,
Marineland, Florida
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Fundamental Limit to Certainty in
Scientific Generalizations

It is of theoretical interest, at least,
to consider the degree of certainty that
can be attained for a scientific generali-
zation. In this report, the derivation of
a maximum confidence limit for a gen-
eralization is described (7).

Let U and X designate two combina-
tions of one or more variables each,
which may be divided into d and e¢ mu-
tually exclusive, observed classes, re-
spectively. Class widths need not be
equal. Values d and e may be as large
as desired, subject to limits of observa-
tion, but let d = e. Now, an apparently
perfect relationship between U and X
would be indicated if it were observed
that for each of m; occurrences of U
which fall into a given class Uj, the con-
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current (or subsequent) occurrence of X
falls into just one class X, and this were
true of every U; and X. Here, U, can be
regarded as a hypothetical infinite popu-
lation from which a random sample n;
has been obtained. According to the
statistical method of confidence limits
(2), then, a lower confidence limit P; to
the “true” (population) probability for
X; to be observed when (or after) U,
is observed, is given by

1

1-87m
P[] w
where § is defined as the confidence level.
Limits for P; and § are 0 and 1. A value
of § is chosen subjectively; 0.95 and 0.99
are frequently used.

A lower confidence limit P; for the ap-

parently perfect relationship- between U-

and X can be defined as the arithmetic
average of all d of the P;’s. By means of

first and second derivatives of P; with
respect to n; (3), with S, d, and N (the
total number of observations) held con-
stant, it is found that P; is a maximum
when all n;s are equal to.each other
(4). It follows that

d
p= [I—E—S—JN (2)

where P is the maximum value of P;. P
increases as N increascs or as d decreases.
(In general, now, d may be regarded as
the maximum number of observed classes
of any factor or combination of factors
in the relationship.)

A simple example will illustrate the
use of the last equation. Consider an
idealized situation in which it is observed
that barometric pressure gives perfect
predictions of weather at a given loca-
tion. Let the weather (X) there at noon
be classified as rain, changeable, and fair
(e=3); and the pressure (U) there 24
hours earlier be classified as low, inter-
mediate, and high (d=3). A total of
750 independent forecasts (N) .are avail-
able to show that low, intermediate, and
high pressure invariably preceded rain,
changeable, and fair weather, respec-
tively. With just this information and a
value of 0.95 for the confidence level S,
Eq. 2 can be used to find a maximum
confidence limit P=0.985 for pressure
as a predictor. In effect, this means the
chances are 95 out of 100 that the seem-
ing perfection of the observed relation-
ship between noon pressure and subse-
quent weather at the given location is at
least 98.5 percent certain, provided that
the forecasts are "distributed equally
among the three pressure classes. No
stronger statement of confidence can be
made in this case; if the distribution is
unequal, there is less certainty.

Note that when d=e=1, P is the
maximum confidence-limit for an event

observed to happen the same way each
time, under the same circumstances.

As is indicated by Wilson (5), “All
sciences start with a process of selection
or classification. . . . Furthermore, all
scientific laws are based on classifica-
tions.” And Caldin (6) states that “The
elementary generalisations on which sci-
ence, considered as a system of beliefs
about nature, is dependent, are derived
from observations by generalisation . . .
a process . . . treating observations not
as bare data but as signs of a regularity;
leading not to certainty, but to likeli-
hood. . . .” However closely a scientific
generalization describes observed regu-
larity, and however perfect the regularity
appears to be, absolute certainty for the
generalization cannot be claimed. At
best, the degree of uncertainty is as small
as the uncertainty in the regularity. The
latter uncertainty is given by Eq. 2 in
terms of a maximum confidence limit.
This leads to the interesting conclusion
that, in the final analysis, this expression
furnishes a maximum confidence limit
for the generalization—law, hypothesis,
or theory.

It is apparent that such an analysis
could be quite complicated, particularly
in the more advanced sciences, chemistry
and physics (7). But this complication
does not invalidate the conclusion.

Finally, it can be noted that Eq. 2 is
relevant too for a regularity wherein as-
sumptions of random, independent sam-

.ples (required by statistical theory) and

objective, rather than subjective, classi-
fications, are not fully satisfied. In that
event, the computed value of P still is a
maximum confidence limit not to be ex-
ceeded, for it is the closest possible ap-
proach to certainty when S, d, and N are
specified. :

TroMmas A. GLEESON
Department of Meteorology,
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