Kinship and Inbreeding on Namu Atoll (Marshall Islands)’

By Nancy Pollock2, J. M. Lalouvel and N. E. Morton

ABSTRACT

Genealogical, migration, and clan data have been collected in Namu atoll,
Marshall Islands. Endogamy, where both parents come from the atoll popu-
lation, is high (.89). Ascertained inbreeding in 4-6 generation pedigrees is
low (.0076), as is kinship estimated from pedigrees (.0130), in comparison
to asymptotic predictions from migration and clan data (.044 to .045), and
island model reduction applied to genealogical data (.025 with chains of
inbreeding, .047 with chains of kinship). The discrepancy between observa-
tion and expectation appears largely due to incompleteness of genealogies.
Clans and geographical subdivision of the atoll population do not seem to
have important effects on kinship. After 30 generations the random kinship
on Namu is predicted to be .022, and random kinship in the Marshalls to
be .003. Because of internal migration, the Marshalls appear to have differ-
entiated by genetic drift as a group: there seems to be less divergence
among Marshallese atolls, compared with the more isolated atolls of the
Eastern Carolines. These predictions should be tested by bioassay of kinship
as more data on polymorphisms become available.

Few studies of kinship and inbreeding have been carried out in the
Pacific. Investigations in the Eastern Carolines (Morton et al,, 1971a,
¢) have revealed considerable isolation of Pingelap and Mokil atolls.
In contrast, the Marshall Islands appear to be characterized by greater
contact between atolls, which in prehistoric times led to close political
contacts beween the Ratak and Ralik chains (Krdamer and Neverman,
1938).

During the course of field work on the economic anthropology of
Namu (Pollock, 1970), pedigrees were collected for all inhabitants,
extending 4-6 generations. Data on parentage, places. of birth and
residence, and clan affiliation of each identified couple were reduced

1From Population Genetics Laboratory, University of Hawaii, Honolulu,
Paper No 76. This work was supported by Grant GM 17173 from the U.S.
National Institutes of Health.

2 Present address: Department of Anthropology, Victoria University, Welling-
ton, New Zealand.

Human Biology, September, 1972, Vol. 44, No. 3, pp. 459-474
© Wayne State University Press, 1972




460 Pollock, Lalouel and Morton

to standard form for computation of inbreeding and kinship (Harada,
1969) and for tabulation of migration between islets and clans (Harris,
1969). The material has a shorter time depth than data on Pingelap
and Mokil atolls, where a prehistoric typhoon greatly reduced the
number of founders. Genetic polymorphisms have not been studied on
Namu, nor to any great extent in the Marshalls. In other respects the
material is comparable to studies on Pingelap and Mokil, permitting
quantification of the difference in gene flow within the Marshalls and
Eastern Carolines.

INBREEDING AND KINSHIP FROM PEDIGREES

The probability that a pair of alleles drawn at random from two
individuals be identical by descent from a common ancestor is called
kinship; if the individuals are mates, this probability is called inbreed-
ing. Close inbreeding can be detected for generations 4-6, and only
matings where progeny belong to these generations have been tabu-
lated. Kinship has been computed for a number of pairs of sibships
equal to those utilized in calculating inbreeding. These pairs were
drawn at random from generations 4-6 by circular permutation, omit-
ting pairs with both sets of parents unknown (Hussels, 1969). The
computer programs COEF and KIN (Harada, 1969), using an algo-
rithm of MacLean (1969), calculate inbreeding and kinship. They
also permit a tabulation of the number of chains of length ¢ contribut-
ing (1/2)¢ to inbreeding or kinship, where the corresponding genera-
tion number is t = (¢ — 1) /2. The results of such an analysis are given
in Table 1. For each value of ¢ are given the corresponding value of t,
the number of chains n,, the partial inbreeding F,® and the cumula-
tive inbreeding F(¥ defined by:

Fy® =n.(1/2)¢/N

F® = é F,®

i=1.5

(1)

A similar calculation can be made for kinship, where N is the number
of pairs. For this atoll population cumulative inbreeding (.0076) is
lower than kinship (.0130), reflecting avoidance of consanguineous
mating. By inclusion of generation 4, the genealogies are incomplete
for ¢ > 8, and so these estimates are undoubtedly too low. They can
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Table 1
Chains of Length c in generations 4 to 6: Mates and Random Pairs

Inbreeding Kinship

cumula-
No. of cumulative No. of tive
t chains partial F  inbreeding chains partial ® kinship

1.0 0 0 0 0 0 0

1.5 0 0 0 12 .004573  .004573
2.0 24  .004491 .004491 22 004192 .008765
2.5 11 .001039 .005530 20 .001905 .010670
3.0 27  .001263 .006793 26  .001238 .011908
3.5 22 .000515 .007308 21 .000500 .012408
4.0 16 .000187 .007495 33~ .000393 .012801
4.5 18 .000105 .007600 24 .000143 .012944
5.0 14 .000041 .007641 21 .000063  .013007
5.5 6  .000009 .007650 10 .000015 .013022
6.0 1 <106 .007650 5 .000004 .013026
6.5 1 <10-¢ .007650 0 0 .013026

Number of chains 140 194
Number of pairs 167 164

be extrapolated to a stationary state by the formula for cumulative
kinship in generation t under an island model:

PHw :(I)[l_e—t/ZNe¢] (2)
where the stationary kinship is

®=1/(4Nm, + 1) (Morton et al., 1971a)

To estimate ® a computer program, DEMOGEN, makes the least
squares fit to the parameters N, the evolutionary size, and m,, the
effective migration rate. Using values of ¢ from 4-8 for kinship and
5-8 for inbreeding, we obtained the results of Table 2. The standard
errors are large, but the estimates suggest that after an indefinitely
large number of generations inbreeding and kinship would amount to
several per cent, largely due to multiple chains of remote consanguinity.

PrepicTED KINsHIP WITH MIGRATION DATA

The above conclusion can be tested by examining the consequences
of the migration pattern. Data on place of residence and birthplace of
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both parents were collected for each sibship. Tabulation showed that
the endogamy of Namu atoll is high: both parents are from Namu atoll
with a frequency of .89, and from the same islet with a frequency of .53.

Kinship ¢y;¥ between gametes drawn from populations i and j in
generation t can be predicted as a function of three factors: a migration
matrix P, a vector of population sizes N and a systematic pressure m

Table 2

Estimation of Equilibrium Kinship, Evolutionary Size, and
Effective Systematic Pressure from Pedigrees

P N, m,

e

Inbreeding 0252 + .0160 198.2 + 20.7 .0488 = .0368
Kinship .0468 = .0813 113.6 +=29.4 .0448 + .0930

(Malécot, 1950; Morton, 1969). These are obtained by using the pro-
gram NUMIX (Harris, 1969) to compute the recurrence:

¢i;® = (1 —m)?2 {hzk Pki Pnj $un 1 +

5 pupw(1- ¢kk(t—l))/2Nk} (3)
k=1

The migration matrix (Table 4) is constructed using a tabulation of
children’s residence according to birthplace of father and mother (Mor-
ton et al,, 1971a). The n;; elements are defined in the following way:
for i, j =4, i.e. for migration between islets of Namu, ny is the number
of children resident in i and having one parent born in i, with a mating
counted twice if both parents were born in i; ny; (i j) is a mean of the
corresponding numbers n;* and ny;®. The ny; elements for j=4 are
obtained as numbers of children in j of parents born in i, and the ny
symmetrical elements have been taken equal to n;. The systematic
pressure, approximated by the long range immigration of Caucasians, is
2/1473 = .0014 (Table 3). The effective sizes are taken as one third of
the census sizes.

No data are available on migration between atolls which send
migrants to Namu. The assumption of symmetry of migration leaves the
problem of estimating the number of migrants between each pair of
atolls (i,j) for i,j > 4. To approximate these numbers, we suppose that
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migration between atolls has a Pareto distribution, so that the expected
number of migrants from atoll i to atoll j is given by:

ny; = CNiN;/dyff, i+

nj; = N i 2 11;5
P2
where N; and Nj are sample sizes and d;; the distance between i and j.
Estimates of ¢ and r can be obtained by least squares: using the data
on migration between Namu and other atolls as observed values whose
expectations are given by the above formula, we estimate C and r by
least squares fit of the linear regression:

ln (nij/NiNj) = ln(C) - rln(di]-)

As sample sizes of Namu summed over generations are larger than
census sizes, it is necessary to take sizes of atolls proportional to their
census sizes, the proportionality constant taken as the ratio of the
sample size of Namu to the census size.

We have obtained r = .93, with a standard error of 1.19, the intercept
being —7.43. Considering the large error in r, we have used two differ-
ent values of r, r =1 and r = 2, and computed C from the relation on
expectations:

lnC ]r=a=ln (nij/Ni N]) —a (h’l (dij) )

The horizontal bars indicate means. This gives for C the values .00087
and .238 respectively. The kinship coefficients for these two different
migration patterns are very similar; the predictions of random kinship
obtained for r =1 are given in Table 8. At the stationary state the ran-
dom kinship is .035, the mean kinship within populations .040, and the
mean kinship within islets .046. Fitting the ¢y to the values pre-
dicted by

$(d) — ae

by using the program DISTAN gives in both cases a =.043 and
b =.0005. This small value of b suggests that the Marshalls have dif-
ferentiated as a group, with little drift among atolls.

Two other migration matrices have been constructed: in one of
them, the four islets of Namu atoll are pooled (Table 5); the mean kin-
ship within populations at the stationary state is just slightly lower than
in the preceding case; the mean kinship within Namu atoll (.044) is
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also lower than the corresponding values estimated for islets (.046).
The other matrix considered deals with the four islets and the pool of
all the other atolls. Mean kinship within populations is slightly lower
in that case, but random kinship remains unaltered. Thus our conclu-
sions do not critically depend on distinguishing islets within atolls or
assuming a Pareto pattern of migration among atolls.

CLAN ANALYSIS

So far we have neglected division of the population into clans,
which now must be taken into account. Subjects have been classified
according to father’s clan and mother’s clan if known (Table 6). No
subject is found on the diagonal elements, confirming that exogamy is
complete. As when dealing with migration data, we have assumed that
reciprocal exchanges (i,j and j,i) were equally frequent, in order to
keep constant the clan sizes, and a migration matrix has been con-
structed in the following way: if ny; is the number of sibships having
iand j as father’s and mother’s clans, then we take:

pu=1/2
Py = (ny+n:)/2( 3 (ng+ny)),i#4j
i£j
assuming complete exogamy; if m; and f; are respectively the numbers

of mothers and fathers in clan i, the effective size of clan i has been
taken as:

Ni: (m,+f,) Ne/(zm1+2fi)
1 i

where N, is the evolutionary size of Namu atoll.

Kinship predictions with this exchange matrix can be made accord-
ing to a similar recurrence relation as Equation 3, using the program
NUMIX. In order to assure good comparability of the results with the
predictions obtained from migration, the evolutionary size N, and ef-
fective migration m, have been estimated simultaneously with the pro-
gram DEMOGEN, using as input the kinship for Namu atoll predicted
from the matrix of Table 5, which gave N, = 473 and m, = .01152. The
large effective size reflects migration from other atolls. The effective
systematic pressure is dominated by the contribution of short-range
migration, rather than the much smaller value for long-range migration.
With these values taken as total size of clans and systematic pressure,
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we have obtained the results of Table 8. The mean kinship and the
random kinship of Namu are very close to the values obtained neglect-
ing clans, which increase only slightly the mean kinship and decrease
also slightly the random kinship, as seen when these values are com-
pared to the kinship expected of a random mating population of same
effective size and submitted to the same systematic pressure.

To test the possible effect of non-random exogamy and different
sizes of the clans, we have compared these results to the values ex-
pected of a population with n, effective clans of equal sizes under ran-
dom exogamy. If q; is the frequency of the i® clan, 1/2q;? is an estimate
of the ‘effective number of clans’, found here to be n, = 9. Assuming
equal size and random exogamy, a comparable population of effective
size 473 as precedingly has the exchange matrix composed of the ele-
ments:

m; = 1/2
my; = 1/2 (nc—1)> i#]

(Morton et al. 1971b)

and the predicted kinship in that case is given in Table 8. Deviations
from this ideal model are insignificant. This result is in agreement with
the conclusion of Morton et al. (1971b) that intermarrying clans repre-
sent negligible genetic barriers.
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