ments coding for the P proteins, nucle-
oprotein, membrane protein, and non-
structural protein are derived from PR8
virus.

In order to identify which RNA of X-
53 codes for hemagglutinin and which for
neuraminidase, the RNA pattern of an-
other recombinant derived from in-
fluenza A/PR/8/34 and A/NJ/11/76 virus
was analyzed. Serologic analysis of this
recombinant demonstrated that like X-53
it derived its hemagglutinin from A/NJ/
11/76 virus but its neuraminidase was
shown to be of PR8 virus origin. RNA
analysis of this recombinant (Fig. 2, lane
1) reveals that it has derived only the
fourth RNA segment from the ‘‘swine”’
virus (lanes 2 and 3). This demonstrates
that, as is the case with PR8 virus, the
fourth RNA of the swine virus codes for
the hemagglutinin and the sixth RNA for
neuraminidase.

Our finding that the high-yielding re-
combinant X-53 has derived six of its
genes from the PR8 virus does not neces-
sarily indicate that the high yield charac-
teristic requires all six PR8-derived
genes. In the course of genetic reassort-
ment PR8 genes not related to enhanced
replication may have been incorporated
by chance into X-53. Alternatively, be-
cause the PRS virus replicates much fas-
ter than the ‘‘swine’’ virus in the allantoic
cavity of embryonated eggs, a greater
number of PR8 genes is thus available for
recombination and might have been in-
corporated into the genome of the re-
combinant including some not required
for transfer of the high yield character-
istic. A definitive answer to the question
of how many and which genes are neces-
sary for the transfer of the property of
‘‘good growth’’ to an influenza virus re-
combinant awaits further genetic analy-
sis.

PETER PALESE
MARY B. RITCHEY
JEROME L. SCHULMAN
EpwiN D. KILBOURNE
Department of Microbiology, Mount
Sinai School of Medicine of the
City University of New York,
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Synchronization of Periodical Cicada Emergences

Abstract. Synchronized insect emergences are shown to be a possible con-
sequence of predation in the presence of a limited environmental carrying capacity
through a mathematical model for cicada populations that includes these two fea-
tures. Synchronized emergences, like those observed in 13- and 17-year cicadas, are
predicted for insects with sufficiently long life-spans. Balanced solutions, in which
comparable emergences occur each year, are found for insects having sufficiently
short life-spans, such as 3-,4-, and 7-year cicadas. For the values used here, synchro-
nized emergences occur for insects with life-spans of 10 years or more, and balanced
emergences occur for life-spans of fewer than 10 years.

Thirteen-year cicadas, Magicicada
spp., appear in large numbers every 13
years, but practically none appear in in-
tervening years (/). Seventeen-year ci-
cadas emerge according to a similar pat-
tern but they can bear both 13-year and
17-year progeny (2). The synchroni-
zation yields a periodic birth rate that
is analogous to population waves studied
in demography (3). However, the ex-
treme form of the cicada periodicity can-
not be maintained without mechanisms
other than the usual birth and death
schedules.

It has been suggested that predation
and environmental carrying capacity can
act in combination to bring about this
synchronization (I, 4). We have shown
that this is indeed possible by construct-
ing and analyzing a model of a cicada

Fig. 1. The piecewise linear reproduction
curve (Eq. 4), which determines the number
(x,) of nymphs becoming established under-
ground in year n in terms of the number
(x,-,) in year n — L. This curve changes
each year with the predation threshold (P,)
and the residual carrying capacity (K,). The
straight line x, = x,_, is shown for refer-
ence.

population that incorporates a predation
threshold (5) (or predator satiation) and a
limited carrying capacity. This model
produces many features of cicada popu-
lations, such as synchronized emer-
gences for cicadas with sufficiently long
life-spans. The synchronized emergence
is a consequence of the two conflicting
requirements imposed by the predation
threshold and the limited carrying capac-
ity of the environment. On the one hand,
the number of progeny produced in any
year must exceed the predation thresh-
old or they will be eliminated. On the oth-
er hand, their number cannot exceed the
carrying capacity minus the living proge-
ny produced in earlier years (residual car-
rying capacity). These requirements can
best be met by a synchronized popu-
lation when the life-span is long enough.
However, they can also be met by a pop-
ulation with a short life-span having the
same rate of emergence each year.
Consider a species having a life-span
of L years, with reproduction occurring
in year L, followed by the death of the
parents. Let x,_, be the number of
nymphs becoming established under-
ground in year n — L. If a is their surviv-
al rate per year, then x, ;" of them
will survive L years and emerge as adults
in year n. We assume that, when they
emerge, predators will eliminate as many
as P, of them. There will be none left for
mating if x, _ ,a" = P,; otherwise, there
will be x, _ o — P, adults left. We de-
note this number by (x, _ ;a* — P,). (6).
If fis the number of hatched nymphs be-
coming established underground that
each adult produces in a breeding period,
then the total number of nymphs pro-
duced in year n is
H, = foo, - 0h — Py (D
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Fig. 2. Numerical solutions of
the model (Egs. 4 and 5) for (a)
L =7 and (b) L =13. In both
cases the parameter values are
K =10,0000, R=095, a=
0.95, A =0.042, and f = 10.
The initial values were designed

2000

1000

o00fa (L=7)

to reflect a hypothetical experi- <
ment where 100 nymphs are es- =
tablished at a site for L succes- .=
sive years, labeled L, =L + 7

1, ..., =1 In year O, the first =
emergence occurs, and we set 2 4400
the predation threshold at 10, o

P, = 10. Therefore, in case L = -5)
7,x;=100fori = -7,. .., =1, & 3000
and when L = 13, x; = 100 for £
i=-13, =12, ..., —1. The

number of emerging adults 2000

X, -0 in year n is plotted for
each year n. In (a), the emer-
gences approach a balanced
solution, and in (b), the syn-
chronized state is reached after

1000

703
s0004b (L=13)

49 63 77 91

ten generations. Emergences are 0
shown to the nearest 50.

We assume that all H, nymphs enter
the ground if the residual carrying capac-
ity K, can contain them, that is, if
K, = H,. If not, only enough nymphs to
fill the available space enter the ground.
Thus x,, the number of nymphs that
become established in year n, is the
minimum of H, and K,, that is, x, =
min (H,,K,). To find K ,,, we let K be the
total carrying capacity. Then the residual
capacity is

L -1

K - z Xy — q@"

a=1

K, = (@)

if this expression is positive, and other-
wise K, is zero. Thus,

L —1

Kn = (K - Z Xp — ua"\} (3)
a =1 +
Now we can write the equation
x, = min (H,,K,) in the explicit form
X, = min {f(x,, _al — P,,)
+
Lot )]
(K - l, X~ ua")
=1 +

The predation threshold P, accounts
for all predators acting on the emergent
population. We assume P, to decrease
from its previous level by a relaxation
factor R and to increase an increment
Ax, _, _,a" as a function of the size of
the previous year’s emergence. Thus we
write

Pn=RPn~1+Axn—1—l,aL 5)

Equations 4 and 5 constitute our mod-
el. They enable us to calculate the x, and
P, successively for n > L in terms of x,,
Xy . .., x;, and P, (Fig. 1). The straight
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line x, = x, _, intersects the reproduc-
tion curve at three points, the middle one
of which is at

(6

Xp = Xy, = Pn*
where

Py =fP,/(fa* — 1) Y
We call P,* the threshold of extinction
since the progeny of year class n ap-
proach extinction if x,_, falls below
P,*. Furthermore, the whole population
approaches extinction unless fa" > 1
and R < 1, which we assume to hold. If
there is no emergence in year n, there is
no emergence in any later year n + NL
with N = 1,2, .. .. In general, the re-
production curve changes from year to
year as P, and K, change (7).

The solutions of Egs. 4 and 5 behave
differently for different parameter values
and different initial conditions. In some
cases, the progeny of all year classes be-
come extinct, and in others, the solution
is balanced and all years have identical
emergences. In still other cases, the prog-
eny of one specific year class approach
the carrying capacity of the environ-
ment, and the progeny of all other year
classes approach extinction. This is the
synchronized solution that describes the
periodical cicadas.

We shall not present an exhaustive
analysis of these and the other possi-
bilities. Instead we shall first find condi-
tions that are necessary in order for a bal-
anced solution to occur. Then we shall
present the results of numerical computa-
tion, which show how a stable synchro-
nized solution develops when no bal-
anced solution is possible and how a bal-

anced solution can develop when it is
possible.

For a stable balanced solution to exist,
all the x, must be equal, and x, must be
given by the second term on the right
side of Eq. 4. This yields

_ K0~ a)

1 — o
Then Eq. 5 shows that P, tends to the
value

®

Xn

_ Ad'x,

1-R
Furthermore, the condition that the first
term on the right side of Eq. 4 exceed the
second term yields

P, ®

_ fP
Xy > P,,* = 7&7‘:"71
By using the limiting value of P, in this
inequality and canceling x,, we are left
with the condition

5= Afa”
(fo — D1 - R)

This is a necessary condition for the exis-
tence of a stable balanced solution, and
B is defined by this equation.

A synchronized solution is of the form
xy, =K and xy,4;=0, j=1,...,
L — 1. Then it follows that P, ,, = P,,
and so

(10)

<1 (11

B] - IKAal,
I - R
In order that this solution satisfy Eq. 4, it
is necessary thatx,, > Py, *, which leads

to

,Jj=1,...,L (12)

Py ;=

AfalRF1 _
(far — 1)(1 — RH
This relation, which defines S, is neces-
sary for the existence of a synchronized
solution.

From the definitions of B and S in Egs.
11 and 13, it follows that S < B for
L > 1. Therefore, whenever B < 1, so
that a balanced solution exists, § < |
and a synchronized solution also exists.
Similarly if S > 1, so that no synchro-
nized solution exists, then B > 1 and no
balanced solution exists either. But if
S < 1 < B, then a synchronized but not
a balanced solution exists. This is the
case in which, starting with rather arbi-
trary initial values, the solution becomes
synchronized.

We have calculated the solution of
Egs. 4 and 5 for a population with uni-
formly distributed initial emergences.
With the parameter values chosen,
S<1<BforL=10, and S<B <1
for2=L<=9. ForL=11,12,..., 17,
the solution evolved into a synchronized
solution, but for . = 7 it approached a
balanced solution (Fig. 2).
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In agreement with the model, cicadas
with life-spans of 13 and 17 years have
synchronized emergences, and those
with life-spans of 3, 4, and 7 years have
balanced emergences. However, this
model and analysis do not explain why
the life-span of the periodical cicadas
should be 13 or 17 years or why changes
in the life cycle, such as 4-year accelera-
tions, occur.

Frank C. HOPPENSTEADT
JosepH B. KELLER
Courant Institute of Mathematical
Sciences, New York University,
New York 10012
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Variations in Writing Posture and Cerebral Organization

Abstract. Two tachistoscopic tests of cerebral lateralization were administered to
73 subjects classified by handedness, sex, and hand orientation in writing. The re-
sults indicated that the direction of cerebral lateralization could be indexed from a
subject’s handedness and hand posture during writing. In subjects with a normal
writing posture, the linguistically specialized hemisphere was contralateral to the
dominant hand, and the visuospatially specialized hemisphere was ipsilateral; the
reverse was true in subjects with an “‘inverted’’ hand position during writing. Fe-
males and subjects having an inverted hand posture manifested smaller degrees of
lateral differentiation than males and subjects with a typical hand posture.

In the vast majority of right-handed
persons, the left cerebral hemisphere is
specialized for language integration and
the right hemisphere is specialized for
mental imagery and the understanding of
spatial relationships (/). The association
between the linguistically dominant left
hemisphere and the dominant right hand
seems to derive from the fact that the left
side of the brain is organized not only for
language integration but also for the pro-
gramming of sequential manual move-
ments. Unilateral lesions of the left hemi-
sphere produce ideational and ideomotor
apraxias as well as aphasia and agraphia
@).

However, the understanding of the as-
sociation between handedness and brain
organization has been inadequate be-
cause of the complexity of the relation-
ship between the brain and the hand in
the left-handed. The left-handed popu-
lation is heterogeneous with respect to
the direction of lateral specialization;
some 60 percent have language functions
in the left hemisphere and visuospatial
functions in the right, and about 40 per-
cent have the opposite organization (3).
In addition, some small fraction, prob-
ably less than 1 percent, of right-handed
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writers, have their main language func-
tions in the right hemisphere and their
visuospatial functions in the left ¢). In
left-handed writers with language func-
tions in the left hemisphere or right-
handed writers with language functions
in the right hemisphere, control of the

Left-handed Right-handed
writers writers

@n v@
Inverted
" Q)

Fig. 1. Typical writing postures of dextrals
and sinistrals who write with inverted and
noninverted hand positions.

writing hand must be exercised either via
the ipsilateral motor tracts, via commis-
sural pathways, or, possibly, through
both systems.

We now report a simple measurement
which, in association with handedness,
can reliably predict which hemisphere is
predominantly linguistic and which pri-
marily ‘‘spatial’’ in the left-handed and
the occasional right-handed writer who
is an exception to the normal relation-
ship. Left-handed writers, in addition to
being heterogeneous with respect to the
direction of cerebral lateralization, also
vary with respect to hand posture in writ-
ing. From our observations, more than
90 percent can be clearly classified as
adopting either the ‘*hooked’’ position,
in which the hand lies above the line of
writing, or the common right-handed po-
sition, in which the hand lies below the
line of writing (Fig. 1). The hooked writ-
ing posture has been explained as a
learned adaptation to the necessity of
writing from left to right in our culture
). Two observations make this inter-
pretation unlikely. (i) We have observed
several dextral writers who hold their
hands above the line of writing in the in-
verted manner of a hooked left-handed
writer. (ii) Writing in Hebrew proceeds
from right to left, but in Israel, right-
handed writers position their hands in
the same way as Americans, but many
left-handed Israelis display the hooked
posture (6).

Results of a preliminary study by Levy
and Mandel (7, 8) supported the hypothe-
sis that writing position was related to
cerebral dominance and indicated that
the inverted position of left-handed
writers was associated with an ipsilateral
language hemisphere and . the non-
inverted position with a contralateral lan-
guage hemisphere. However, sources of
noise in the data left other possible inter-
pretations open.

We have now tested 73 subjects, all
university undergraduates, for cerebral
lateralization with two tachistoscopic
tests, one measuring visuospatial domi-
nance and one measuring language domi-
nance. There were 24 right-handed
writers with the noninverted position
(RN), 24 left-handed writers with an in-
verted hand position (LI), 24 left-handed
writers with the noninverted position
(LN), and one right-handed writer with
the inverted position (RI). Half of each
group was male and half, female. Sub-
ject RI was a female. Hand position
was classified according to two crite-
ria: (i) whether the hand was held be-
low (noninverted) or above (inverted)
the line of writing, and (ii) whether the
point of the pencil pointed toward the
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