peratures.

Once T, had been found, it was no longer
necessary to cool slowly from a high initial
temperature. By starting at T = 1.0 and
cooling to T =T, in 100 sweeps, then
remaining at T, for another 50 sweeps, we
obtained profiles whose energies differed
from the energy of the true profile by less
than 5%. Below T,, very slow cooling for
several hundred sweeps gave profiles with
energies less than 1% above the energy of
the true profile. We found many low-E
profiles while constructing Fig. 4.

In problems of the type considered here,
the most important question is not what
single profile fits the data best but rather
what set of profiles fits the data well. The
latter question is addressed by estimating
the a posteriori probability distribution
(PPD) for the soundspeed at each depth.
Mathematically, the PPD for the ¢, the
soundspeed at the ith depth, is given by

U, Uy =22 ... 0> ..

a-1G+1

2 p(elUy, Uy)

o™

8)

Numerically, we construct this PPD by the
following recipe, which we call Gibbs-
weighted graph-binning. Let A be the set of
profiles found at T = T, during construc-
tion of Fig. 4 and let B C A be those profiles
in A for which ¢; = v, where vy is one of the
allowed values for ¢;. First, we estimate the
partition function at T = T, by

Ze~ 2 expl~E()/T.] 9)

Then the PPD for ¢; is estimated by

p(ci =ylUy, Up) = Zi > exp[—E(c)/T.]
* CEB (10)

The PPDs for our example are shown in Fig.
3. Note that Fig. 3 was constructed using
only the 125 profiles found at T = T, dur-
ing construction of Fig. 4, and that we
constructed Fig. 4 by using only 10 (tem-
peratures) X 25 (sweeps per tempera-
ture) X 5 = 1250 sweeps. The PPDs in Fig.
3 look the same for any T within our error
bounds for T.,.

Another useful quantity is the mean pro-
file at T = T,, estimated by

© =~ zl % cexp[—E()/T,] (1)

The ith component of (c) is the centroid of
the PPD for ;. Figure 3 shows that (c) is not
as good an estimator of the true profile as is
the profile whose ith component is the peak
value of the ith PPD. For example, in Fig. 3
the PPDs between 300 m deep and 350 m
deep have their peaks at the true profile, but
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their centroids are to the left of the true
profile indicated by the thin line.

Our numerical experiments indicate that
for SA optimization and inversion problems
one should spend most of the sweep budget
determining T,. Then for optimization
problems, the conventional slow cooling
schedule should be replaced by a schedule
with rapid cooling to T,. The process of
finding T, gives all the information neces-
sary to estimate the PPD, a quantity much
more useful in inversion than the profile
with lowest energy.
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Forecasting Damaging Earthquakes in the
Central and Eastern United States

S. P. NISHENKO AND G. A. BOLLINGER

Analysis of seismograph network data, earthquake catalogs from 1727 to 1982, and
paleoseismic data for the central and eastern United States indicate that the Poisson
probability of a damaging earthquake (magnitude = 6.0) occurring during the next 30
years is at a moderate to high level (0.4 to 0.6). When differences in seismic wave
attenuation are taken into account, the central and eastern United States has
approximately two-thirds the likelihood of California to produce an earthquake with
comparable damage area and societal impact within the next 30 years.

earthquakes with magnitudes greater

than m, (body-wave magnitude) 6.0
in the central and eastern United States. The
largest five of these events [1811 to 1812
New Madrid, Missouri; m;, 7.0, 7.1,7.2,7.3
(1); and 1886 Charleston, South Carolina;
my, 6.7 (2)] occurred during the 19th centu-
ry. In the 95 years that have elapsed since
the last damaging m;, = 6.0 carthquake (3),
the central and eastern United States has
undergone an era of rapid urban growth
along with the development of nuclear pow-
er plants, energy distribution systems, large
reservoirs, and transportation and commu-
nications networks. The observations that
earthquakes have occurred in this region in
the past and that they are capable of produc-
ing structural damage over larger areas than
their counterparts of similar size in Califor-

S INCE 1727 THERE HAVE BEEN SEVEN

S. P. Nishenko, National Earthquake Information Cen-
ter, U.S. Geological Survey, Denver, CO 80225.

G. A. Bollinger, U.S. Geological Survey and Seismologi-
cal Observatory, Virginia Polytechnic Institute and State
University, Blacksburg, VA 24061.

nia raise the obvious question: What are the
chances for the occurrence of another
mp = 6.0 earthquake in the region east of
the Rocky Mountains during the next few
decades? We define a damaging earthquake
as having a m;, > 6.0 (seismic moment mag-
nitude, M = 6.1), and consider exposure
windows for the next 10, 30, 50, and 100
years.

Earthquake hazard- assessments are pri-
marily based on average rates of earthquake
occurrence. Although information about
earthquake recurrence times is lacking for
specific fault zones in the central and eastern
United States, regional rates of seismic activ-
ity are commonly estimated for hazards and
engineering purposes by application of the
Gutenberg-Richter frequency-magnitude or
B value relationship, logN¢c = A — BM,
where N¢ is the cumulative number of
earthquakes greater than or equal to a partic-
ular magnitude, M. The constants, A and B,
are determined primarily from the rates of
occurrence of smaller magnitude earth-
quakes and are used to estimate the rates of
occurrence of infrequent larger magnitude
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Fig. 1. Seismicity of eastern North America. (A) Epicenters of earthquakes

with m,, = 4 from 1638 to 1982 in the United States and Canada (10). Sizes
of symbols are proportional to the magnitude (see scale). Western limit of
catalog area is shown by solid line. Dashed lines show the spatial limits of
regional seismograph network data; NENG, New England; SE, Southeast

events.

For many fault systems along simple plate
boundaries, current research on probabilis-
tic earthquake hazard assessment has fo-
cused on time-dependent models, where the
probability of a future event is a function of
both the time since the last earthquake and
the average recurrence time (4). Typically,
hazard estimates are presented in terms of
conditional probability, which is the proba-
bility that an earthquake will occur within
some time interval, ¢ to ¢t + At, conditional
on the event not having occurred before
time ¢ (5).

In contrast to the major exposed fault
systems in California, much less is known
about the location and behavior of the bur-
ied seismogenic faults in the central and
castern United States. Although the general
lack of information about the occurrence of
large earthquakes in this region currently
argues against the development and wide-
spread application of time-dependent mod-
els, such models have been proposed for the
New Madrid seismic zone (6). Conditional
probabilities based on the Poisson distribu-
tion are functions of the length of the
exposure window, At, and the average re-
turn time, T, and not the time since the last
earthquake. These Poisson-based estimates
are thus time-independent (7). For individ-
ual fault zones, the basic Poisson assump-
tions of stationary behavior and temporal
independence between events are inconsis-
tent with recent concepts of strain accumula-
tion and release (8). For cases where the
return time between earthquakes is signifi-
cantly longer than the time elapsed since the
last event or the length of the historic cata-
log, however, the Poisson model provides a
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sufficient approximation of the hazard level
(9) and has been widely used for regional
seismic hazard assessments (10). On a re-
gional or continental scale, however, choice
of the Poisson distribution is motivated by
the observation that combining the interoc-
currence times of earthquakes from a num-
ber of independent faults into a single cata-
log does approximate:a Poisson process (6,
11-13). Also, both the frequency-magnitude
and Poisson relations are negative exponen-
tials and exhibit a region of equivalence
when the absolute value of the exponent is
large. For the, central and eastern United
States this equivalence occurs for earth-
quakes with m, =5 (11). It is this corre-
spondence that allows the use of Poisson
statistics to describe regional earthquake oc-
currence, even though departures from sta-
tionary behavior have been documented
(14). Specific examples illustrating the dif-
ferences and similarities between time-de-
pendent and Poisson-based earthquake fore-
casts will be discussed following the presen-
tation of the data.

We compared frequency-magnitude data
from two separate data bases to estimate the
rate of seismic activity in the central and
castern United States. The first is based on
data collected by regional seismograph net-
works in the New England, Southeast, and
Central or New Madrid regions of the Unit-
ed States (6, 11, 12) (Fig. 1). The second is
based on catalogs of eastern North Ameri-
can earthquakes of m;, = 5.0 from 1638 to
1982 (15). A further, independent con-
straint comes from areas where geologically
derived recurrence time information is avail-
able.

The annual cumulative frequency-magni-

90° 80° 70° 60°W

Longitude

United States; NM, New Madrid. Earthquakes with m, = 5.0 constitute the
ENA (eastern North America) catalog of Table 1. (B) Epicenters of
earthquakes with m;, = 5.0 from 1727 to 1980 in the central and eastern
United States. These events constitute the CEUS catalog of Table 1.

tude relations from the three regional seis-
mograph networks are:

New England logN, = 3.49 — 0.93M (1)
New Madrid logN, = 3.43 — 0.88m; (2)

Southeast log N, = 3.13 — 0.84m,(Lg) (3)

We have assumed that m, = m,(Lg) = M
(6, 11, 12). The data used to determine these
regional frequency-magnitude relations span
various time intervals and magnitudes. The
New England equation is based on instru-
mental data (m, 2 to 4.5) collected from
1975 to 1986 (12). The New Madrid rate is
based on a combination of historic data
from 1816 to 1974 (m, 3.6 to 6.2) and
instrumental data from 1975 to 1983 (m,
1.7 to 5.0) (6). Southeastern rates are based
on historic data from 1772 to 1977 (m;, 3.0
to 6.7) and instrumental data from 1978 to
1986 (mp, 2.0 to 5.2) (11). All of the above
instrumental catalogs are assumed to be
complete at m; 2.0 level (that is, all earth-
quakes above that magnitude level have
been recorded instrumentally). For historic
earthquakes the degree of catalog complete-
ness varies with location, time, and magni-
tude. In general, the rates of activity inferred
from the historic record are in reasonable
agreement with rates observed in the instru-
mental record (Fig. 2). For most areas, the
rates of activity for earthquakes greater than
my 6 have been extrapolated from the rates
of occurrence of smaller events.

Using Eqs. 1 to 3, we calculated condi-
tional probabilities for earthquakes with
magnitudes greater than m, 6.0 during ex-
posure windows of 10, 30, 50, and 100
years (Table 1). For this and all subsequent
calculations of probability, we have fit the

REPORTS 1413



Table 1. Conditional probability estimates for earthquakes in the central and
castern United States. Probabilities are given for an earthquake of equal or
greater magnitude during the next 10, 30, 50, and 100 years. New England,
Southeast U.S., and New Madrid refer to the regional seismograph network

and catalog locations.

data. Combined row gives the probabilities of at least one event within the
above three regions. CEUS and ENA are the central and eastern United
States and eastern North America (south of 55°N). See Fig. 1 for network

1990 to 2000 1990 to0 2020 1990 to 2040 1990 to 2090
Region m, = 6.0 m, =70 m, = 6.0 m,=7.0 m, = 6.0 m,=70 my, =6.0 m,=7.0
M=6.1 M=74 M=6.1 M=74 M=6.1 M=74 M=6.1 M=74
New England 0.08 0.01 0.21 0.03 0.33 0.04 0.55 0.08
Southeast 0.11 0.02 0.30 0.04 0.45 0.07 0.70 0.14
New Madrid 0.13 0.02 0.34 0.05 0.50 0.08 0.75 0.15
Combined 0.29 0.04 0.64 0.11 0.81 0.18 0.97 0.33
CEUS catalog  0.16 to 0.22 00110002 041t0053 00310007 058t00.72 0.05t00.11 08310092 0.10 to0 0.20
ENA catalog 0.31 t0 0.39 00310005 06710078 01010014 085t00.92 0.16t0 0.23 09810099 0.29 to0 0.40

interval form of the b value equation,
logN; = a — bM,, rather than the cumula-
tive form, N¢ (16). The probability that at
least one event will occur within the entire
area covered by all three networks (in Table
1, Combined) is given by

P=1-Q1-P)1-P)1-P;) (4

where P;, i = 1, 2, 3 are the probabilities of
one or more events for the individual re-
gions, and P; is the combined probability.
These regional results can be compared
with those based on the general catalog of
carthquakes of m;, = 5.0 from 1727 to 1980
for the central and eastern United States and
a larger catalog of events with m;, = 5.0 that
includes both the United States and Canada
from 1638 to 1982 (15). Our primary intent
is to estimate earthquake probabilities for
the central and eastern United States; hence,
we have restricted our analysis to events that
occurred south of 55°N (that is, those seis-
mic events capable of affecting the central
and eastern United States). Although these
catalogs cover larger geographic regions
than the combined regional networks (see
Fig. 1), the degree of completeness is known
to vary as a function of magnitude, time,
and location (17). We have thus restricted
our analysis to those seismic events occur-

Fig. 2. Comparison of frequency-magnitude rela-
tions and annual probabilities based on regional
seismograph data (NE, New d; SEUS,
Southeast United States; and NM, New Madrid;
solid lines are constrained by data, dashed lines
are extrapolations of frequency-magnitude data);
carthquake catalog data (CEUS, central and east-
ern United States and ENA, eastern North Amer-
ica); and paleoseismic data (solid squares show
recurrence times from sites in Charleston, South
Carolina, New Madrid, Missouri, and the Meers
fault, Oklahoma; height of squares is proportional
to the uncertainty in recurrence times). Hachured
areas connecting the pairs of curves for the CEUS
and ENA catalogs reflect the variation in the
frequency-magnitude relationship due to differ-
ences in magnitude assignments of historic events
and of the maximum magnitudes assumed in the
analysis. Shaded area represents the 95% confi-
dence interval for the CEUS catalog data.
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ring during time periods of relatively com-
plete coverage (that is, earthquakes with
my, = 7 since 1727, of my, = 6 since 1770,
and of m;, = 5 since 1800). Additional vari-
ability in earthquake catalogs stems from the
fact that the same historic earthquake can
have various assigned magnitudes as a result
of the different methods used to estimate
magnitude (18).

Instrumental estimates of body-wave (m;)
magnitude saturate at approximately m,, 6.5;
the magnitude estimates in our catalog for
events larger than 6.5 are from the pre-
instrumental period and are based on special
intensity studies rather than being directly
derived from instrumental data (1). Hence,
these magnitudes are not saturated (in an
instrumental sense) and give reliable esti-
mates of earthquake size that can be ana-
lyzed with the other, smaller events in our
catalog (19). For central and eastern United
States earthquakes, m, 6.5 is equivalent to
M (seismic moment magnitude) 6.8; m;, 7.0
is equivalent to M 7.4 (2, 20).

For consistency, the frequency-magnitude
analysis of the central and eastern U.S.
catalog was similar to that used for the
network data. The interval form of the
frequency-magnitude relationship was fit
with the use of maximum-likelihood tech-
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niques (21) after foreshocks and aftershocks
were removed (22). The maximum magni-
tude assumed for our analysis was varied
between 7.5 and 8.0. For comparison with
the network results, the interval form of the
frequency-magnitude relation (logN; =
a — bM;, where N; is the number of ecarth-
quakes with magnitude between M; = AM,
where AM is 0.25) was converted to the
cumulative form of the frequency-magni-
tude equation, logN¢c = A — BM with the
relation B = b and A = a — log;o(10%2¥ —
10754M) (23). For the entire U.S. catalog
(mp = 5, 40 to 46 events), the cumulative
frequency-magnitude equation (on an annu-
al basis) varies between logNc = (4.29 +
0.85) — (0.98 = 0.15)M and logN¢ =
(4.80 = 0.97) — (1.09 + 0.18)M (Fig. 2).
Analysis of the combined U.S. and Canadi-
an catalog was similar to the above and
covers the same time intervals. The frequen-
cy-magnitude equation (annual basis) for all
data (mp =5, 56 to 79 events) varies be-
tween logNc = (3.86 = 0.71) — (0.88 =
0.13)M and logN¢c = (4.28 + 0.59) —
(0.93 = 0.11)M (Fig. 2).

The rates of earthquake occurrence based
on the frequency-magnitude analysis of seis-
mograph network and historic earthquake
catalogs indicate that the Poisson probabili-
ty for an event of mp, = 6.0 (M = 6.1) over
the next 30 years is at a moderate to high
(0.4 to 0.6) level for the central and eastern
United States. When a larger area is consid-
ered (that is, eastern North America) the
probability is even higher (0.7 to 0.8) (Ta-
ble 1). These results can also be derived
from an alternate, and simpler, analysis by
noting that in both the central and eastern
United States and eastern North America
there have been between four and nine
independent earthquakes greater than m;, 6
during the last 215 years. The average return
times are between 54 and 24 years, respec-
tively, and the corresponding Poisson prob-
abilities for a 30-year exposure window
range from 0.4 to 0.7. During this same 30-
year interval, the probability for an earth-
quake with a magnitude greater than m;, 7.0
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(M 7.4) is approximately 0.1 (Table 1).

Paleoseismic investigations can provide
earthquake recurrence information that is
independent of the above catalog-based fre-
quency-magnitude analysis. Such studies,
however, have been made at only a few sites
in the central and eastern United States. For
the New Madrid seismic zone, 'C dating of
shells in disturbed sediments near the Reel-
foot Lake area in northwestern Tennessee
suggests that there were at least two epi-
sodes of faulting during the 2000 years
before the 1811 to 1812 earthquakes (24). If
these two events are of similar size to the
1811 to 1812 earthquakes, the average re-
turn interval for an m;, 7 (M 7.4) earthquake
is about 600 to 700 years. These results are
in reasonable agreement with the frequency-
magnitude estimates for the New Madrid
region [550 years (6)]. In contrast, excava-
tions of 1811 to 1812 sandblow sites in
northeastern Arkansas reveal no evidence of
significant ground disturbance for at least
1300 years before 1811 (25). Hence, the
600- to 700-year intervals may represent a
lower bound estimate on return times and
give an upper bound on probabilities for
mp = 7 earthquakes in this region. Condi-
tional probabilities are 0.02 for a 10-year
interval and 0.05 for a 30-year interval on
the basis of the Poisson model. Time-depen-
dent models also indicate similar probabili-
ties (=0.01 by A.D. 2000 and 0.03 to 0.04
by A.D. 2035) (6).

For the Charleston, South Carolina, area,
1C dating of sandblows and paleoliquefac-
tion events indicate that the average return
time for earthquakes capable of producing
these features (mp, = 5.5) is about 1600
years (26). The distribution of sandblows
and paleoliquefaction events along the
coastal plain of North and South Carolina
indicate that the Charleston, South Caroli-
na, area has been a persistent site of strong
Holocene earthquakes (27). The above re-
currence interval agrees with those intervals
based. on seismicity in the immediate
Charleston area (11) and the corresponding
Poisson probability is 0.01 for 10-year and
0.02 for 30-year exposure windows, and is
less than 0.01 for the next 30 years on the
basis of time-dependent models. The above
probability estimates for the New Madrid
and Charleston, South Carolina, earth-
quakes are in general agreement, regardless
of whether time-dependent or time-inde-
pendent models are used to portray the
hazard. This agreement primarily reflects the
effects of relatively long recurrence intervals
and recent faulting on the calculations.

While: Charleston, South Carolina, has
been the site of repeated strong Holocene
carthquakes, inspection of Fig. 2 indicates
that the geologic rate of occurrence of
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Charleston events alone does not satisfy the
extrapolated frequency-magnitude curve for
mp, 6.5 to 7 events in the central and eastern
United States. In contrast, the current pa-
leoseismic data for mp = 7 earthquakes in
the New Madrid region are in agreement
with the regional frequency-magnitude ex-
trapolation for the central and eastern Unit-
ed States. At this point, the application of
local paleoseismic results to regional earth-
quake frequency data is equivocal and we
cannot use the agreement or disagreement
of these data to support the existence (or
nonexistence) of additional source zones to
balance the b value budget.

Another recently described example of an
active, prehistoric earthquake source zone is
the Meers fault in southwestern Oklahoma.
The 'C dating of soil samples from trenches
and ponded alluvium sites indicates that the
last surface-faulting event (~m,; 6.7) oc-
curred 1,200 to 1,300 years ago, and that
recurrence intervals may be on the order of
100,000 years or more (28). In this case,
both the Poisson and time-dependent mod-
els indicate probabilities of less than 0.01 for
the time interval considered in this study.

More precise definition of recurrence
times and corresponding probabilities for
specific fault zones or segments is difficult
beyond our regional analysis. Along the
New Madrid seismic zone, Johnston and
Nava (6) applied a suite of time-dependent
models (Gauss, Weibull, lognormal) to esti-
mate a 0.40 to 0.63 probability of an event
with m,, = 6 by the year 2000, and a 0.86 to
0.97 chance by the year 2035. These esti-
mates are a factor of 2 to 3 larger than the
Poisson model estimates (see Table 1, New
Madrid). The two areas that produced
mp = 6 earthquakes in the 19th century
(Marked Tree, Arkansas, 1843, and Charles-
ton, Missouri, 1895) occupy different geo-
graphic locations with respect to the New
Madrid seismic zone, and have no history of
carlier events in the same magnitude range.
The current uncertainties in understanding
of the tectonic regime of the New Madrid
seismic zone are clearly illustrated by the
above difference in probability estimates for
mp = 6 earthquakes and highlight the need
for further research (29).

Central and eastern U.S. earthquakes are
capable of producing damage over larger
areas than their counterparts in California,
and the higher occurrence rates in the West
are balanced by this lower rate of attenua-
tion of damaging vibrations in the East. For
a hypothetical m; 7.2 earthquake, the areas
of peak horizontal ground acceleration in
the East are estimated to be up to ten times
as large as those in the West, and areas of
peak ground velocity are five to ten times as
large (30). If we compare the probability for

a single earthquake with equivalent damage
areas [for example, modified Mercalli (MM)
intensity greater than VIII] east and west of
the Rockies, M 6 in the central and eastern
United States, and M = 7 in either southern
California or the San Francisco Bay area
(31), the probabilities are about equal for a
30-year time interval (32). On a larger scale,
the Poisson probability for a M = 6 earth-
quake in the central and eastern United
States is two-thirds that of a M = 7 in all of
California. Hence, while California is more
hazardous than the central and eastern Unit-
ed States on the basis of frequency of occur-
rence, both regions have comparable risk
[that is, similar probabilities for producing
earthquakes with comparable damage areas
(33)]- Because the last earthquake in the
central or eastern United States greater than
mp 6 occurred in 1895, the response of
buildings and critical structures to a'damag-
ing earthquake has not been tested in more
than 90 years.
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No Excess of Homozygosity at Loci Used for

DNA Fingerprinting

B. DEvLIN, NEIL R1sCcH,* KATHRYN ROEDER

Variable number of tandem repeat (VN'TR) loci are extremely valuable for the forensic
technique known as DNA fingerprinting because of their hypervariability. Neverthe-
less, the use of these loci in forensics has been controversial. One criticism of DNA
fingerprinting is that the VNTR loci used for the “fingerprints” violate the assumption
of Hardy-Weinberg equilibrium (H-W), making it difficult to calculate the probability
of observing a genotype in the population. If one can assume H-W, the probability of
observing the pair of alleles constituting an individual’s genotype can be calculated by
taking the product of the alleles’ frequencies in the population and multiplying by two
if the alleles are different. The evidence cited against assuming H-W is homozygote
excess, which is presumed to be caused by an undetected mixture of two or more
populations with limited interpopulational mating and distinct allele frequencies. For
most VNTR loci, measurement error makes it impossible to test these claims by
standard methods. The Lifecodes database of three VNTR loci used for forensics was
used to show that the claimed excess of homozygotes is not necessarily real because
many heterozygotes with similar allele sizes are misclassified as homozygotes. A simple
test of H-W that takes such misclassifications into account was developed to test for an
overall excess or dearth of heterozygotes in the sample (the complement of homozy-
gote dearth or excess). The application of this test to the Lifecodes database revealed
that there was no consistent evidence of violation of H-W for the Caucasian, black, or

Hispanic populations.

HE DISCOVERY OF HYPERVARIABLE

VNTR loci in human DNA in the

early 1980s (1) was seen as a boon to
a number of areas of scientific interest, in
particular forensic science (2, 3). The loci are
called hypervariable because, in any popula-
tion, there are a very large number of alleles
present at each locus (3, 4). Each allele of a
VNTR locus is composed of a distinct se-
quence of base pairs, which one can detect
indirectly by excising that region of the
DNA with a restriction enzyme and estimat-
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ing the length of the fragment by gel electro-
phoresis. Much of the allelic variation is
generated by variation in the number of
short, repeated sequences of base pairs
linked in tandem in the core region of the
locus (hence the acronym VNTR), which
leads to fragment length variation on elec-
trophoresis. It is the presence of a large
number of alleles at these loci that renders
the loci valuable as “fingerprints” (5), be-
cause it is quite likely that different individ-
uals will have distinct genotypes at these
loci. Nevertheless, the use of VNTR loci for
forensics has led to controversy (6, 7). We
focus on one of these controversies: whether
H-W can be assumed for several VNTR loci
used in forensics. Some researchers have
asserted that H-W cannot be assumed be-
cause there is an excess of homozygotes at
these loci (6-8).

H-W is an attribute of large, randomly
mating populations. A population is in
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