a very high rate (up to 1000 per sec-
ond) with a minimum expenditure of
muscular energy. The high efficiency
of this mechanism permits the male
cicadas to emit a large volume of sound
for a long period of time (1 to 2 weeks)
despite a total lack of food intake dur-
ing that time. The behavioral signifi-
cance of this sonic activity has recently
been discussed by Simmons et al. (2);
the main functions are the attraction
of mates, the separation of the different
species within a brood, and the repul-
sion of avian predators.

KeEnNETH H. RED
Department of Physiology
and Biophysics, University of
Louisville School of Medicine,
Health Sciences Center,
Louisville, Kentucky 40202
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Residues of Total Mercury and Methylmercuric Salts in

Lake Trout as a Function of Age

Abstract. An analysis of the concentrations of total mercury and methyl-
mercuric salts in lake trout of precisely known ages from 1 to 12 years has been
carried out. The concentrations of both total mercury and methylmercury in-
creased with the age of the fish. The proportion of methylmercury to total

mercury also increased with age.

There have been numerous reports
of relatively high concentrations of
mercury in fish (/). Although many
analyses of fish for mercury have
been carried out, it is usually difficult
to relate concentrations to time of
exposure since judging age by scale
examination is very difficult, particu-
larly in older fish. In a study of
northern pike (Esox lucius) Johnels
and Westermark (2) found the total
mercury concentration proportional to
the age of the fish but admitted the
unreliability of judging their ages by
scale examination. In the work re-
ported here residues of mercury have
been determined in lake trout - of
known age.

We were fortunate to have available
lake trout (Salvelinus namaycush)
from Cayuga Lake in Ithaca, New
York, of known age since they are
tagged and stocked there annually as
fingerlings. It was not known what
concentrations of mercury might be
expected in the fish. Mercury reach-
ing the lake could, however, result
from its use in laboratory research,
in dental and medical services, in
agriculture, in coal burnt in power
plants, and from other sources. In
October 1970, fish were netted in order
to obtain samples of as many different
ages as possible. Without evisceration,
each was mechanically chopped,
ground, and thoroughly mixed. A 1-g

Table 1. Corrected* concentrations of total mercury and mercury as methylmercury in

Cayuga Lake trout.

Methylmercury

Age Mercury (calculated Pertc(ir;ltl; of
Fish code (years) (total) in grms ())f mercury as
(ppm) m( p;zg’ methylmercury

95 1 0.24 0.074 30.8
99 1 28 .098 35.0
101 1 .19 .066 34.7
59 2 25 .108 43.2
78 2 26 .096 36.9
89 2 31 121 39.0
80 3 .38 208 54.7
82 3 45 271 60.2
112 3 28 157 56.1
104 4 44 375 85.2
105 4 41 288 70.2
151 4 44 346 78.6
155 5 43 .349 81.2
10 6 46 412 89.6
11 6 .55 479 87.1
13 6 S50 445 89.0
2 7 40 283 70.8
4 7 46 403 ) 87.6

5 7 44 .349 79.3

1 8 .60 534 89.0

6 8 59 519 88.0

8 8 47 479 101.9
19 9 53 433 81.7
3 11 .58 407 70.2
15 12 .62 415 66.9
16 12 .66 .503 76.2
22 12 44 .389 88.4

# Corrected for percent recovery (see text).
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Fig. 1. Total mercury in Cayuga Lake
trout as a function of age.

subsample was dried and ashed by
Schoniger combustion (3). The total
amount of mercury in the absorbing
solution was determined by flameless
atomic absorption spectrophotometry
(4). This method is easily sensitive to
0.1 part per million (ppm) of mercury
in fish. The accuracy of the method
was checked by recovery studies in
which mercury as mercuric chloride
was added to the fish samples before
drying, and the samples were then
dried, combusted, and analyzed. The

percent recoveries of 0.3 ppm of mer- .

cury added to four samples of lake
trout of ages 1, 2, 3, and 5 years were,
respectively, 77, 80, 93, and 83.
Figure 1 illustrates the relation be-
tween total mercury in lake trout and
age. All mercury concentrations in
Fig. 1 were corrected for the average
percent recovery (83.25). The length
of the fish varied from about 20 cm
(for a 1-year-old fish) to about 76
cm (for a 12-year-old fish).
Residues of mercury in fish are
often present largely as highly toxic
methylmercuric salts (5). It was of
interest therefore to determine the ef-
fect of age on the concentrations of
this metabolite in the same fish sam-
ples. West66 has reported a method
for the extraction and isolation of
methylmercury compounds from fish
(6). In this method the sample is ex-
tracted with hydrochloric acid, the
methylmercuric compounds are par-
titioned into benzene, the bonds link-
ing mercury to sulfur are cleaved with
mercuric chloride, the methylmercury
is extracted as the hydroxide, and final-
ly the mercury is reconverted to the
chloride for gas chromatographic anal-
ysis. A microwave-powered helium
plasma emission detector (7) was used
to selectively monitor the emission
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line of atomic mercury at 2537 A. The
method is sensitive to 0.1 ppm of
methylmercuric salts in fish. The per-
cent recovery of 0.174 ppm of methyl-
mercuric chloride added to one 2-year-
old and three 3-year-old lake trout
samples was, respectively, 56.3, 54.6,
56.3, and 54.6. West66 found that
there is approximately a 30 percent
loss of methylmercuric salts in his
procedure as a result of unfavorable
partition coefficients.

Table 1 presents a list of concen-
trations of total mercury and methyl-
mercury in fish by age and the per-
centage of total mercury that was

present as methylmercury. The values.

for total mercury and methylmercury
as listed are corrected for the average
percent recoveries which were, re-
spectively, 83.25 and 55.4. It is evident
that the variation ‘trend in the con-
centrations of methylmercuric salts
with age in fish is, in general, the same
as the variation trend of the total mer-
cury with age, although the concentra-
tion of total mercury is consistently
higher. This relation between total
mercury (and methylmercuric salt con-
centration) and age may simply be a
reflection of the time during which the
fish have been exposed to their environ-
ment. It may also be significant that
the total proportion of mercury as
methylmercury appears to be smaller
in the younger fish. Owing to the good
reproducibility of analysis for both
mercury and methylmercuric salts on

several replicated fish samples, the
higher total mercury concentrations
may be significant and indicative of the
presence of mercury in fish in a form
or forms other than methylmercuric
salts. Another possible metabolite is
dimethylmercury, but there is at pres-
ent no satisfactory method for the de-
termination of this compound in fish.
Concentrations of total mercury and
methylmercury in the lake trout studied
did not appear to be related to the
sex of the fish.
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Garfish Olfactory Nerve: Easily Accessible Source of
Numerous Long, Homogeneous, Nonmyelinated Axons

Abstract. The olfactory nerve of the garfish, Lepisosteus, is about 1 millimeter
in diameter and about 20 centimeters long, depending on the size of the fish; it
is easily prepared by breaking off successive scored segments of the rostrum. It
consists of a relatively homogeneous population of about 107 nonmyelineated nerve
fibers, each about 0.24 micrometer in diameter. In most other nerves each fiber
is separated from all others by an enfolding Schwann cell, but in the olfactory
nerve the fibers are directly in contact with one another in groups of several
hundred fibers. The Schwann cell, not directly concerned with propagation of the
nerve impulse, forms a thin layer at the periphery of the group and makes up a
small proportion of the total cellular material. The volume of axon cytoplasm is
about five times greater than that of Schwann cell cytoplasm, and the axon surface
is about 30 times the Schwann cell surface. The ratio of surface to volume for
axons of a typical olfactory nerve is about 5400 times that for the squid axon of
the same diameter. The large proportion of axonal membrane recommends this
nerve for use in chemical and physical studies of properties of axon membranes.

The nerve impulse is an event re-
lated to the axon surface: the electrical
characteristics of the nerve fiber mem-
brane at that surface have been most

satisfactorily described for various
giant fibers as large as 1 mm and more
in diameter (7). The squid giant axon
is admirably suited for the study of the
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