Preliminary energy calculations and
observations of hydraulically generated
seismic signals indicate that detectable
seismic radiation may be generated from
the proposed source. We assume that 10
percent of the kinetic energy of the mov-
ing water column is converted to seismic
energy as the column is brought to rest.
For the Gorner Glacier, 10 percent of the
kinetic energy of the water column is
6.4 X 10% J, which produces an equiva-
lent Richter magnitude of —0.4. A signal
of this magnitude is detectable at a range
on the order of kilometers from its
source.

For hydraulic signals to generate the
108 J required for an earthquake of Rich-
ter magnitude 2.5, the flow quantity must
increase substantially. A flow rate of
1000 m? sec™! in a subglacial conduit 200
m long and 11.3 m in diameter produces
the required energy. Both the flow rates
and tunnel dimensions are compatible
with values calculated from observed
large outruns of water from glaciers (/1).
Seismic signals traceable to hydraulical-
ly induced vibrations in the penstock of
the Edward Hyatt power plant near Oro-
ville, California, have also been recorded
on seismic stations in northern California
2).

In the above examples we have used
the relatively large value of 10 percent
for the energy conversion factor because
of the elastic nature of the problem.
However, if the conversion efficiency is
reduced by an order of magnitude or
more, the above arguments still remain
valid.

In the case of the volcanic earthquake,
we assume that the movement of magma
is analogous to the flow of water in gla-
ciers. Quantitatively, the difference be-
tween hydraulically generated dis-
placements of lava tubes, as opposed to
ice tunnels, is a function of material
properties. The properties of the materi-
als required to solve Egs. 1 and 2 are the
elastic constants of the conduit and the
bulk modulus, density, and kinematic
viscosity of the fluid. A functional de-
scription of the frictional interaction of
the fluid and the conduit is also required.

Several observations can be made that
relate to the seismic waves from both
volcanoes and glaciers. The character-
istics of the type-1I seismic signal in-
dicate that the waves are not associated
with ice tectonics. In terms of the wave
forms observed, a hydraulically gener-
ated signal produces a much more plau-
sible source mechanism. In volcanic
earthquakes, it would appear that the
A-type volcanic event, which exhibits
a wider spectrum of frequencies, is as-
sociated with hydraulic fracturing due to
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magma flow (6). However, we interpret
the relatively low-frequency signal from
B-type earthquakes to be associated with
a less catastrophic deformation of the
lava tubes.
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Circadian Clock in Culture: N-Acetyltransferase Activity of
Chick Pineal Glands Oscillates in vitro

Abstract. N-Acetyltransferase activity was measured in organ-cultured chick
pineal glands. A circadian rhythm of enzyme activity persisted in cultured glands for
up to 4 days. The phase of the rhythm in vitro closely approximates its phase in vivo.
These observations demonstrate that the pineal gland of chicks contains (or is) a self-

sustained circadian oscillator.

The pineal glands of birds and mam-
mals exhibit circadian rhythms in the
production of the hormone melatonin.
Not only levels of melatonin but also the
activity of N-acetyltransferase (NAT),
the enzyme primarily responsible for its
rhythmic production, are significantly
higher during the night than during the
day (/, 2) and the rhythm in NAT activi-
ty persists in constant darkness with a
period of approximately 24 hours (I, 3,
4).

In rats, the circadian rhythm of pineal
NAT is generated by rhythmic release of
norepinephrine from the sympathetic fi-
bers of the superior cervical ganglia (5).
The circadian rhythm in sympathetic
nerve activity may be generated in turn
by an oscillator located in, or trans-
mitting through, the suprachiasmatic nu-
cleus of the hypothalamus (6). In con-
trast, the rhythm of NAT activity in the
pineal gland of the chicken does not ap-
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pear to be generated by the superior cer-
vical ganglia or by any other noradrener-
gic input. Denervation of the pineal
gland does not abolish diurnal rhythms
of NAT in the chicken as it does in the
rat (7). Furthermore, administration of
either norepinephrine or isoproterenol to
the chick pineal gland in vivo or in vitro
does not elicit the increase in NAT activ-
ity observed in similar preparations of
rat pineal glands (8). In the chick, exami-
nation of the timing of the spontaneous
decline of NAT activity in vitro has re-
vealed a short-term timekeeping ability
of the isolated pineal gland (9). In the
house sparrow (Passer domesticus), the
pineal gland functions as a biological
clock regulating the rhythm of locomotor
activity (/0-13); and melatonin may be
involved in this process (/4). These facts
led us to the hypothesis that melatonin
synthesis in the avian pineal is controlled
by a circadian oscillator located within
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the gland. We report here the results of
one test of this hypothesis.

Chicks (Gallus domesticus) were
raised under a diurnal light cycle of 12
hours of light followed by 12 hours of
darkness (LD 12:12) (I5). At 2 to 3
weeks of age, groups of animals were
killed during the light portion of their LD
cycle, and pineal glands were removed
and placed into culture (/6). Glands (four
per flask) were attached via a chicken
plasma clot to the forward base of Fal-
con culture flasks (Corning). Three mil-
liliters of BJG media (Gibco) supple-
mented with heat-inactivated 10 percent
fetal calf serum (Gibco) and 1 percent an-
tibiotics (PNS, Gibco) were added. The
flasks were then gassed with a mixture ot
95 percent O, and 5 percent CO,, sealed,
and placed in a lighttight incubator set at
37°C which was located in a lighttight
room. In the incubator, the flasks were
on a rocking platform that tilted them
through an arc of approximately 40°
every 30 seconds. This allowed the
glands alternately to be covered by the
media and exposed to the oxygen-rich at-
mosphere. This technique allowed the
rapid removal of the flasks in complete
darkness with minimal disturbance to the
remaining glands. Flasks, removed from
the incubator at desired time points,
were immediately frozen on Dry Ice and
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Fig. 1. N-Acetyltransferase (NAT) activity in
a population of chick pineal glands maintained
in vitro in constant darkness (DD). Birds were
housed in a light-dark cycle (LD 12:12); pi-
neals were removed and placed into culture 5
to 6 hours prior to projected lights off (solid
arrow). The horizontal bar below the graph
represents the lighting in the incubator.
Lights-off occurred in phase with the birds’
prior cycle, and glands were then exposed to
continuous darkness. The alternating light
and dark shaded portions of the figure desig-
nate the ‘‘projected’’ light cycle (that is, the
phasing of the cycle if it had been continued).
Samples (four glands) were removed at 4-hour
intervals, and each gland was assayed inde-
pendently for NAT activity. Each data point
(closed circles) is the mean activity (+ S.D.) of
four glands. Open circles are means of pineal
NAT activity (+ S.D.) in intact chicks (six an-
imals per point) killed at mid-light and mid-
dark points in the LD 12:12 cycle.
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stored at —70°C until a later time when
all glands collected from the experiment
were individually assayed for NAT ac-
tivity by a modification of the method of
Deguchi and Axelrod (/7).

Figure 1 shows the results of an exper-
iment designed to determine whether
rhythmicity of NAT activity would per-
sist for 2 days in organ-cultured glands
maintained in constant darkness (DD).
Chicks were Kkilled, and their pineals
were placed into culture 3 to 4 hours pri-
or to the beginning of their dark period.
Lighting in the incubator (supplied by a
15-watt utility bulb located 25.4 cm
above the flasks containing the glands)
was continued until the normal onset of
the dark period, and the glands were
then held in DD for the remainder of the
time in culture. Flasks were removed at
4-hour intervals during 36 hours of DD,
and glands were assayed for NAT activi-
ty. Two clear peaks of enzyme activity
occurred, one in each of the projected
nights of the birds’ prior LD cycle. The
first peak, a five- to sixfold increase in
activity relative to both initial values and
the trough reached 12 hours later, oc-
curred late in the night. The second peak
occurred earlier in the following project-
ed night with a smaller amplitude (three-
to fourfold increase).

Practical considerations precluded
continuous sampling for more than 48
hours, and, in order to determine wheth-
er rhythmicity would persist in culture
for more than 2 days, experiments were
performed in which glands were held in
culture but not sampled until day 3. In
order to be able to monitor visually the
condition of the glands during the first 2
days in culture, the incubator was placed
on LD 12:12 in phase with the previous
light regime of the intact animals. The
culture medium was changed and the
0,:CO, atmosphere in the flasks was
renewed, and the flasks were sealed dur-
ing the light portion of day 3 in culture; at
the normal time of lights-off, the glands
were placed into DD (Fig. 2, a to c).
Sampling at 4-hour intervals revealed
persistent circadian rhythms of NAT ac-
tivity on days 3 and 4 in culture with
peaks occurring during the projected
night. As in the experiment in which
days 1 and 2 in culture were examined,
the peak NAT activity on the first day of
DD is of higher amplitude than is the
peak on the second day. A decrease in
amplitude of NAT in DD has been re-
ported in intact animals (¢, 7), and simi-
lar effects of prior exposure to light ver-
sus dark in vitro have been demonstrated
on day 1 in culture by Wainwright (/8).
On the other hand, the difference in am-
plitude between peak 1 and peak 2,

which is evident in all our experiments,
might be the result of changes in the
sealed culture environment.

Our data suggest that some aspect of
the culture conditions may have an effect
on the phase of the persistent rhythm.
When glands are fed and gassed (Fig. 2¢)
late in the day, the peak of NAT activity
seems to occur later in the subjective
night than it does when they are fed and
gassed in the middle of the day (Fig. 2, a
and b). When the glands were fed and
gassed, they were removed from the
incubator for about 5 minutes, during
which time they were exposed to slight
changes in temperature and light in-
tensity. Either of these factors or some
unspecified change in the culture envi-
ronment might be responsible for the ap-
parent influence on phase.

A good deal of evidence supports the
hypothesis that the avian pineal is a self-
sustained circadian oscillator that nor-
mally occupies a position at or near the
top of the circadian hierarchy. Most of
this evidence comes from work with the
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Fig. 2. N-Acetyltransferase (NAT) activity in
chick pineal glands on the third and fourth
days in organ culture. The experiments were
performed and are graphed as described in
Fig. 1 with the following exceptions. Pineals
were removed from the birds and placed into
culture just prior to lights-off (solid arrow),
and the light cycle was continued in culture
during days 1 to 3 (horizontal bar below graph
and shaded and light areas above); the glands
were refed with fresh media and regassed on
day 3 at the time indicated by the open arrow;
at the onset of darkness on day 3 the glands
were placed in constant darkness (DD). Sam-
pling at 4-hour intervals (four glands per
point) again revealed a circadian rhythm of
NAT activity with peaks occurring during the
projected night of days 3 and 4 in culture (dark
shaded areas). (a and b) Replicate experi-
ments. (c) This experiment was the same as
the two above except that refeeding and re-
gassing occurred later in the light portion of
day 3, and replicate samples (two vials, four
glands per vial) were assayed during the first
24 hours.
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house sparrow. In that species, pineal re-
moval abolishes circadian rhythmicity
(10) but denervation of the pineal does
not (/1); rhythmicity is restored to pine-
alectomized birds by the implantation of
a donor’s pineal into the anterior cham-
ber of the eye (/2) and the reconstituted
rhythm has the phase of the donor bird
(13); melatonin, administered at constant
low levels has dramatic effects on circa-
dian rhythmicity of intact birds (/6). If,
as is implied by these facts, the avian pi-
neal is an oscillator with an hormonal
output, then under appropriate condi-
tions it should be possible to measure a
continuing oscillation in vitro. The above
demonstration of such an in vitro oscilla-
tion as well as that of others (I8, 19) is, in
conjunction with the earlier work, the
strongest possible evidence that the
avian pineal is a circadian clock and
opens the way for an investigation of its
molecular mechanism. Still to be unrav-
eled are the functional relations between
the pineal and other components of the
circadian systems of birds. These rela-
tionships are known to be complex
(12, 20) and may vary from one avian
species to another 21).

Note added in proof: After submission
of this manuscript a paper appeared by
Binkley et al. (22) in which ‘“‘a daily
change during day 1 of organ culture in
constant dark’’ was reported to occur in
the NAT activity of chicken pineals in
vitro. The authors further reported
“‘equivocal persistance’’ of the rhythm
for several days.
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Microevolution and Clone Structure in Spartina patens

Abstract. Analysis of the clone structures within a population of Spartina patens
reveals considerable adaptive genetic divergence among adjacent dune, swale, and
marsh sites. The dune subpopulation includes a small number of frequently encoun-
tered, spatially isolated clones that follow microtopography and have high reproduc-

tive output and colonizing potential. The

marsh subpopulation consists of a large

number of infrequent interdigitating clones with high vegetative biomass and com-
petitive success. The swale subpopulation is generally intermediate for these traits.

A general pattern has emerged that
plant populations are geographically
small in extent, with restricted inter-
population migration, and subject to in-
tense selection pressure that varies in
direction among populations (/). It is
therefore no longer surprising to find mi-
croevolutionary divergence over dis-
tances of meters or even centimeters (/).
In extending these generalizations to
vegetatively reproducing perennial plant
populations, a number of ambiguities
confound the interpretation of evolution-

ary patterns. (i) Individual genotypes or
clones may reach great age approaching
a degree of immortality; (ii) replacement
by seed occurs rarely, and selection will
operate most strongly among peren-
nating individuals; (iii) migration by
vegetative spread may occur over long
distances compared to breeding-popu-
lation areas; and (iv) populations may
comprise a small number of clones each
with a large number of independent
reproductive individuals.

In order to understand the genetic

Table 1. Means analysis on traits of Spartina patens plants grown in common environments.

Subpopulations
Trait
Marsh Swale Dune
Weight (g) per tiller (dry weight) 0.76 = 0.06* 0.68 + 0.04 0.58 = 0.05
Leaf area (cm?) 30.1 = 1.9 36.8 = 2.1 30.8 = 1.5
Tillers per clone 30.5 = 0.06 26.7 = 2.1 353 = 2.6
Seeds per clone 187 £33 288 +48 401 + 96
Rhizome (g) per tiller (g) (dry weight) 0.75 = 0.10 0.97 = 0.07 1.05 = 0.11
Index salt tolerancet 0.33 = 0.05 0.40 = 0.06 0.57 = 0.05
Drought toleranced 0.41 0.50 0.83

*Mean and standard errors for traits based on a subset of individuals taken from the total sample. Further

details of the statistical analyses and methods have been described (5).

tRatio of the increment in the

length of the longest root over 48 hours in control solution to that in a solution of 1.75 percent synthetic sea

salt.
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tProportion of genotypes surviving 2 months in sand culture and watered every fourth day.
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