Although these observations are pre-
liminary, the direct intraphyletic inter-
action of coral versus coral in the Carib-
bean seems less modified by predation
pressure than on some eastern Pacific
coral reefs (I8). Space is produced in
the Caribbean by slower means, such as
the slump or collapse of larger coral
heads due to intense boring by sponges
and bivalves (19). This might be anal-
ogous to the creation of space in highly
dense rain forests by tree fall (20) and
seems sufficient to offset the slow com-
petitive exclusion which would occur
if the system were left totally undis-
turbed. Elsewhere in the Caribbean,
weather disturbances such as hurricanes
are probably of major importance to
shallow-water coral community or-
ganization as well, but Panama does not
have such severe disturbances.

In looking at species succession, Pie-
lou (21) found that species diversity in-
creased over time for some small plots
of young temperate forest trees. She
concluded that natural thinning by in-
terspecific competition caused the de-
crease in segregation and dominance by
single species, the result being an in-
crease in the local diversity. While few
data exist for reef succession, most
phases of Caribbean coral succession
may prove to be similar to this pattern,
whereas, without large-scale physical
or biological disruptions, eastern Pacific
coral succession may prove to be the
opposite. In support of this, Grigg and
Maragos (22) have shown that, all else
being equal, coral communities on the
oldest lava flows in Hawaii have the
lowest diversities and that the same
negative relation between diversity and
abundance exists in Hawaii as on the
eastern Pacific reefs. They suggest that
interspecific competition of the kind
outlined above might be the cause for
this decrease in diversity over time. Ad-
ditional support for this hypothesis
comes from their observation that in
areas exposed to heavy swell and pe-
riodic storm damage, abundance remains
low and diversity high, regardless of the
age of the colonized surface. In
Hawaii, where coral fauna and reefs
are similar to those of the eastern
Pacific, storm and swell damage may
act as a diversifying force in the same
way as Acanthaster predation does in
the eastern Pacific.

JaMEs W. PORTER
School of Natural Resources,
University of Michigan,
Ann Arbor 48104
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Studies of Squeezing: Handedness, Responding Hand,

Response Force, and Asymmetry of Readiness Potential

Abstract. Eleven subjects squeezed an electronic dynamometer, at each of three
force levels, with both their right and left hands. In right-handed subjects the
premovement “readiness” potentials were larger over the hemisphere contralateral
to the responding hand. Left-handed subjects show contralateral dominance when
responding with the right hand but not when responding with the left hand. The
data suggest that in the potentials studied there is a component associated with
the preparation to perform a specific movement, rather than with generalized

preparatory processes.

Slow cortical potentials that precede
self-paced voluntary movement (I—4)
have excited much interest. Although
they may provide a useful tool for the
study of the physiological mechanisms
underlying voluntary movement, con-
siderable controversy still remains. Es-
pecially prominent have been sugges-
tions that these potentials represent
either diffuse arousal mechanisms or,
alternately, postresponse proprioceptive
activity (3, 4). We present evidence
that these potentials are associated with
the execution of specific movements,
rather than with diffuse, arousing, pre-
paratory processes. This we infer from

the fact that the amplitude, and scalp
distribution, of these potentials is
strongly determined by parameters of
the subject’s movement. We also show
that the degree of hemispheric asym-
metry of these potentials is different in
right- and left-handed subjects.

Of the four components of move-
ment-related electrocortical potentials
which have been described (1), we are
concerned here with a ramp-shaped
negative potential that begins to develop
800 to 1000 msec prior to the move-
ment (N1). Vaughan and his co-work-
ers (I, 4) have referred to the entire
complex of potentials as the “motor”
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potential. Deecke et al. (2) consider
N1 to be a “readiness” potential. Much
of the literature has focused on the de-
gree to which the various components
do, or do not, reflect motor commands
issued, presumably, by the precentral
gyrus. Several investigators (3) have
interpreted their own data as suggesting
that some of the later components oc-
cur after the actual movement.

There is little doubt, however, that
the N1 component precedes the move-
ment by several hundred milliseconds.
Vaughan et al. (4) have reported that
the distribution of N1 along the midline
of the scalp is consistent with the
known distribution of motor centers
along the central sulcus (that is, N1
has a “somatotopic distribution”). Such
a distribution suggests a strong relation

Average over right-handed subjects
(With feedback) (Without feedback)

Right hand Left hand Percentage Right hand Left hand
. of
Z maximum

-~
e

Fig. 1. A comparison of event-related potentials (ERP) recorded at electrodes placed
at left central (Cs, solid line) and right central (C;, dashed line) loci during volun-
tary squeezes. Under each pair of superimposed ERP’s we plot the integrated EMG
(dashed line) and the output of the force transducer (solid line) averaged over the
same trials over which the ERP was averaged. Comparisons are presented as a func-
tion of subject’s handedness (right versus left), nominal force output (25, 50, and
75 percent of subject’s maximal force), responding hand (right versus left), and feed-
back (with versus without). Averages were obtained over all subjects, after the
elimination of trials in which the EEG was contaminated by EOG activity. Number
of trials per ERP ranges between 600 and 1050. The polarity convention is “nega-
tive up.” Hatching in two areas of the comparisons illustrates the areas measured for
the purpose of the quantitative data analysis.
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between motor preparation and NI1.
Nevertheless, N1 is quite similar in
waveform to the contingent negative
variation (CNV), originally described
by Walter et al. (5) as a large, vertex-
negative potential shift that can be re-
corded during preparatory periods, such
as those used in the fixed-foreperiod re-
action time procedure. The close simil-
arity of N1 to CNV has led to the
suggestion that the experimental designs
used to elicit the readiness potential are
a special case of the general class of
situations in which CNV’s can be elic-
ited (6), but the evidence is contra-
dictory. The CNV’s can be elicited in
the absence of a motor response (7),
yet the CNV is enhanced when a re-
sponse is required (8). Although the
CNV has been shown to be bilaterally
symmetrical irrespective of the respond-
ing hand and response effort (6), there
are reports of CNV asymmetry as a
function of the responding hand (9).

In the present study we try to re-
solve some of these issues. We felt that
Vaughan et al’s (4) demonstration of
contralateral dominance of NI pro-
vided the strongest evidence in favor
of a specific motor interpretation. How-

ever, as Vaughan reported data only

for subjects responding with the right
hand, it seemed important to determine
if the converse results would hold if
the subjects responded with their left
hand. Moreover, no systematic com-
parison of the motor potentials has
been reported between right- and left-
handed subjects. It was also important
to determine if the waveform, or am-
plitude, of the potentials varied with
the force with which the subjects re-
sponded. We reasoned that, if motor
preparation was involved at all, the
amplitude should vary with response
force. In fact, we suspected that to a
large extent the reported failures to
observe an asymmetry of the N1 com-
ponent were due to the relatively weak
force requirements in previous studies.

The subjects were 11 male University
of Illinois students (7 right-handed and
4 left-handed). Handedness was deter-
mined by self-report and subsequently
verified by administering the Edinburgh
Inventory (10). The electroencephalo-
gram (EEG) was recorded with Beck-
man electrodes from a vertex (C,),
right sensorimotor (C,), and left sen-
sorimotor (C;) placements (II) re-
ferred to linked mastoids. The subject
was grounded at the forehead. Right
supraorbital and canthal electrodes were
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used to record the electrooculogram
(EOG). The electromyogram (EMG)
was recorded from the responding arm
(12). The EEG and EOG were am-
plified with Brush amplifiers (No. 13-
4218-00) with bandwidth setting of 0.1
to 30 hertz (6 db per octave roll-off).
The EMG was amplified by a Grass
model 7P3B preamplifier and integrator
combination (2 amp low frequency,
0.3; time constant, 0.02). Data were
recorded on FM magnetic tape and
averaged off-line with either a PDP8/E
or an IBM 1800 computer. No trials in
which detectable gross eye movements
occurred were used in averaging (13).
The averaging was triggered by the ini-

tial deflection of the force-transducer

output.

Subjects were instructed to rapidly
squeeze a dynamometer constructed
from a Daytronic linear velocity dif-
ferential force transducer (model
152A) attached to a handle. The dis-
placement of the dynamometer was
0.025 cm at all applied force levels. At
the first session each subject was asked
to squeeze the dynamometer several
times “as hard as he could.” During
all subsequent test series the subject
squeezed the dynamometer, using three
different force levels defined as approxi-
mately 25, 50, and 75 percent of the
maximal force they had been able to
apply during the first session (I4). The
subject viewed a fixation light upon
which a transilluminated circle was su-
perimposed and was told to find the
squeeze (that is, force) level that would
just extinguish the circle. Subjects were
cautioned against overpressing.

Within each session there were two
separate runs. In the first, the subjects
were instructed to generate a series of
50 to 100 identical squeezes, each mo-
mentarily extinguishing the feedback
circle. In the second run, they were in-
structed to continue squeezing the dy-
namometer at the same level that had
previously extinguished the light. There
was no visual feedback in this run. In
any one session voluntary movements
were performed, with only one hand
at each of the three force levels, al-
ways in the order 25, 50, and 75 per-
cent. Each subject participated in a
minimum of six experimental sessions,
three with each hand. The order of
hand usage was counterbalanced across
different subjects.

The data are summarized in Fig. 1,
which shows event-related potentials
(ERP) averaged over the seven right-
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handed subjects, and the four Ileft-
handed ones. These grand averages are
representative of the ERP’s of the in-
dividual subjects. When right-handed
subjects perform a self-paced voluntary
movement with either hand, N1 is con-
sistently larger over the sensorimotor
location contralateral to the hand used.
This asymmetry is evident as early as
500 msec before initiation of move-
ment, defined by the onset of the EMG
curve. Although somewhat diminished
when the left hand was used, the con-
tralateral dominance of N1 appeared
consistently in all right-handed sub-
jects. Contralateral dominance was also
apparent (though reduced) in our left-
handed subjects when they responded
with their right hand. This, however, is
not the case when left-handed subjects
respond with their left hand. Whereas
the left-handed subjects show contra-
lateral dominance when using their
right hand, they produced bilaterally
symmetrical waveforms when perform-
ing with their left hand. Some of the
left-handers showed a slight inconsistent
degree of contralateral dominance for
left-hand movements in some condi-
tions. The waveforms generated by left-
handed subjects were more variable and
somewhat less similar to the “classic”
motor potential than were the ERP’s
generated by the right-handed subjects.

As a measure of hemispheric asym-
metry we performed a point-by-point
subtraction of the curves recorded at
C; and C, and then integrated the re-
sultant difference-curve over the 500
msec preceding the onset of the EMG
deflection. These values were obtained
for all subjects under all experimental
conditions. We computed an analysis
of variance (/5) of these values, the
main factors being the subjects’ handed-
ness, the responding hand, and the
force level used. Statistically significant
effects were obtained for the responding
hand, where asymmetry is larger for
the right- than for the left-hand move-
ment, independent of the subjects’
handedness (F = 48.61, d.f. = 1/9, and
P =.00007). The means for right- and
left-handed subjects are also quite dif-
ferent with the interhemispheric asym-
metry being larger for right- than left-
handed subjects; significance, however,
is not obtained because of variability
between subjects. Whenever asymmetry
is obtained, the contralateral amplitude
is larger than the ipsilateral amplitude.
We analyzed in a similar way the ef-
fect of response force on the area un-

der the contralateral ERP curves for
the 500 msec just preceding the stim-
ulus. Force of response does have a
statistically significant effect on the
area of the ERP at the contralateral
electrode (F =5.83, d.f.==2/18, and
P <.05).

These results confirm and extend the
earlier reports (I, 4) suggesting that
the N1 component of the premovement
potential is associated with the proc-
esses initiating the movement in ques-
tion. It is hard to see how a diffuse,
generalized arousal process could be
so specific to the hemisphere involved
in the control of the movement and so
much affected by the force of response.
Eccles (16) has recently stated that “we
can assume that the readiness potential
is generated by complex patterns of
neuronal discharges that eventually
project to the pyramidal cells of the
motor cortex and synaptically excite
them to discharge, so generating the
waves just preceding the movement
. . . [the readiness potential] can be
regarded as the neuronal counterpart
of the voluntary command.” We be-
lieve that the data we present here pro-
vide strong support for this hypothesis.
It is, perhaps, useful to state explicitly
that these conclusions pertain only to
the asymmetric component of premove-
ment potentials. This component may
be superimposed, on occasion, on a
symmetrical, nonmotor CNV.,

There have been several previous
reports (/7) that left-handedness is as-
sociated with a reduced degree of cere-
bral asymmetry. The present study pro-
vides confirming evidence for this
hypothesis. The right-handers showed
contralateral dominance with striking
consistency. The left-handers presented
a more heterogeneous picture. Yet in
all left-handed subjects the readiness
potentials recorded over both hemi-
spheres were of equal amplitude when
these subjects responded with their left
hand. The data show a substantial mea-
sure of hemispheric asymmetry when
they responded with their right hand.
In short, we find that the readiness po-
tential is contralaterally dominant, ex-
cept in the case of left-handed subjects
responding with their left hand. These
data suggest that ERP’s might provide
a direct, and novel, approach to the de-
termination of cerebral dominance.

MarTA KuTas

EMANUEL DONCHIN

Department of Psychology, University
of Hlinois, Champaign 61820
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Circadian Oscillations in Rodents: A Systematic Increase of

Their Frequency with Age

Abstract. The circadian activity rhythms of golden hamsters and two species
of deermouse, when released from a light-dark cycle of 12 hours light and 12
hours of darkness into constant darkness, had progressively shorter periods as the
animals became older. A possible bearing of this fact on the aging process is

briefly outlined.

In the course of analyzing data ac-
cumulated over many years on the
properties of free-running and entrained
circadian pacemakers in rodents (1)
we have encountered a previously un-
recognized phenomenon. The period
(1) of the free-running circadian activ-
ity cycle in golden hamsters (Mesocri-
cetus auratus) and two species of deer-
mouse (Peromyscus maniculatus and P.
leucopus) becomes continuously shorter
as the animals age. Since these are the
only species for which we have the rele-
vant data and the effect occurs in all
three, it is an interesting possibility that
the phenomenon will prove to be more
general. If so, it merits attention, not
only as a significant variable to be con-
trolled in the study of circadian pace-
makers, but as a previously undetected
aspect of the aging process.
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Our experiments (2) on the circa-
dian rhythm of activity in these rodents
involved about 200 animals. The ex-
periments included many different pro-
tocols designed primarily (i) to elucidate
the stability and lability of free-running
circadian pacemakers, (ii) to investi-
gate inter- and intraspecific differences
in their phase-response curves, and (iii)
to relate their entrainability by light-
dark eycles to these phase-response
curves with the use of a model (3)
based on the behavior of the circadian
pacemaker in Drosophila.

Because of (i) the complexity in the
succession of experimental treatments
each animal experienced and (ii) the
fact, already known and extensively
further documented by the experiments
themselves (1), that 7 is subject to
small but significant change traceable

to the oscillator’s immediately previous
experience, we had not thought to look
in the data for systematic changes in
attributable to the animals’ ages. In-
deed, the effect was initially detected
in M. auratus and P. maniculatus when
we sought evidence on the reproduci-
bility of an individual animal’s period
(v) in two prolonged (~ 3 months)
free runs in constant darkness (DD) 9
months apart, each following an identi-
cal, and prolonged (~ 4 months) period
of entrainment to the same (LD 12:12)
light cycle (Fig. 1): 7 was shorter when
the animals were older.

The identity of the prior light cycle
eliminates the possibility that this differ-
ence in = was caused by differences in
the pacemaker’s previous experience (a
so-called “aftereffect”). Aftereffects on
7 have so far been recognized as a con-
sequence of previous exposure to con-
stant light, single light pulses, different
photoperiods, and LD cycles with a
period (T) different from 24 hours
(5-7). Even the standard LD 12:12
(T =24 hours) light cycle has an often
significant effect in bringing = to a value
closer to 24 hours than it eventually
assumes when allowed to free run for
a long time (Fig. 1) (7). It follows,
therefore, if one wishes to assay the
effect on some variable, like age, on the
frequency of a circadian rhythm (i)
that the experience prior to the free run
must be identical and (ii) that the ef-
fect will be better detected in a long
free run when the aftereffect of that
prior experience has decayed.

Figure 2 summarizes the two t-esti-
mates (8) obtained, 9 months apart,
for each of the 17 animals in the ini-
tial comparison. In all eight hamsters
and in all but one of the ten P. mani-
culatus, the = value was smaller at age
14 to 16 months than at age 5 to 7
months.

Our data for P. leucopus involve
eight animals which experienced a
short (15 days) DD-free run (follow-
ing LD 12:12) at ages 10 to 14
months, and a long (77 days) DD-
free run (following LD 12:12) at ages
24 to 28 months. Seven of these eight
animals also had a shorter circadian
period when they were older (Fig. 2).

In hamsters an estimate of the age
effect can be made over a wider range
of ages than Fig. 2 covers. Figure 3
shows all the available (51) r-estimates
from long free runs (> 30 days) in
hamsters of known age. The changes
are small, but nevertheless statistically
significant, as demonstrated by Pear-
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