Is Migration Kin Structured?
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Abstract We estimate the strength of kin-structured migration in
six human populations (five from New Guinea and one from Fin-
land) and in one population of nonhuman primates. We also test the
hypothesis that migration is not kin structured by generating a sam-
pling distribution of the estimator under the null hypothesis of in-
dependent random migration. We are unable to detect a statistically
significant level of kin-structured migration in any population. How-
ever, five of our six human populations were from Papua New Guinea,
and we cannot dismiss the possibility that migration is kin structured
in other parts of the world.

.

The original architects of population genetics theory were masters of
omission. They built models of simplified populations in which many of
the complexities of real populations did not appear. The enduring interest
in these simple models reflects the early population geneticists’ excellent
judgment about what to omit. Later work has often shown that models
with greater realism and complexity give substantially the same results
as their simpler predecessors.

This article concerns one form of complexity on which the jury is
still out: kin-structured migration. Until the late 1970s all models of gene
flow assumed that the individuals who move from place A to place B
are an independent random sample of those born in place A. This was
a simplification: In the real world individuals often migrate together with
relatives. Consequently, the individuals migrating from place A to place
B are likely to be more similar genetically than a random sample drawn
from place A. Fix (1978, 1985) called this kin-structured migration and
showed that it tended to increase genetic differences between groups.
Genetic differentiation increases with the level of kin structure. By sim-
ulating different degrees of kin structure in plants, Levin and Fix (1989)
demonstrated that the extreme levels of kin structure expected in plant
populations with self-fertilization could result in high levels of variability.

Kin-structured migration may also affect phenotypic differentia-
tion. Williams-Blangero (1989a,b) compared phenotypic differentiation
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between villages of the Jirels in Nepal with that expected under random
migration and attributed the difference to clan-structured migration.

Theoretical work (Rogers 1987, 1988) has shown that the magni-
tude of kin structure can be measured by the parameter «,,, which affects
the ratio G of between- to within-group genetic variance. If G* is the
ratio that would be expected in the absence of kin structure, then (Rogers
1987, 1988)

G = G*(1 + 2m,ayy), (1)

where m, is the effcctive migration rate (Rogers and Harpending 1986).
If m,0y, is large, then kin structure is an important effect. Otherwise, its
effect may justifiably be ignored. Note that a), is not a correlation coef-
ficient and necd not lie within the interval [—1, +1}.

There are two ways to estimate the magnitude of «,,. First, it can
be estimated from behavioral data. Rogers (1987, 1988) showed that, if
all migration involves groups of relatives of size y and if the genetic
correlation between the individuals within these groups is k, then very
approximately ay, = (y — 1)k. Thus, if migration always involves groups
of three siblings, then ay = (3 — 1) X 0.5 = 1. Behavioral data from
several species (Rogers 1987, pp. 420—421) suggest that «y, can be large.

It is also possible to infer kin structure from genetic data (Rogers
and Jorde 1987). Rogers and Eriksson (1988) introduced a method for
estimating «y, from genetic data. They applied their method to only a
single population, the human population of the Aland Islands, Finland,
and obtained a result that did not differ significantly from 0. Here, we
use genetic data to estimate «,, in six additional human populations and
in a single population of nonhuman primates.

Methods

The sct of individuals who are born in group i and later reside in
group j as adults is called the ijth migrant set, and its size is denoted
N;. Kin structure tends to inflate the variances of migrant set allele fre-
quencies. For a given allele, let ¢, denote the allele frequency (0, 0.5,
or 1) of the kth individual in the ijth migrant set. We calculate the fol-
lowing sums of squares:

L= gk . )
ik

is the sum of squares between individuals within the ith birthplace,

M= Nygk 3)
J R
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is the sum of squares between migrant sets within the ith birthplace, and
B; = Ni.q /2 4)

is the contribution of the ith birthplace to the sum of squares between
birthplaces. Here,

Ni = D Ny : (5)
j :
is the size of the ith birthplace,
g5 = N3 2 du ©)
&

is the allele frequency within the ijth migrant set, and
g =N 2, Nygy (7)
J .

is the allele frequency within the ith birthplace.

Our analysis is based on the estimator described by Rogers and
Eriksson (1988, p. 453). There is a typographical error in the published
formula, which should have been

> (M; — BYNy — 1)

A

TS - Btk - 1)

-1 ' (8)

where k; is the number of nonempty migrant sets originating in group i
and / runs over the birthplaces within the population. Rogers and Eriks-
son point out that multiple alleles and loci can be accommodated by
allowing i to run over all alleles and loci as well as over all birthplaces.

We can also estimate «,, using data from several populations si-
multaneously, under the assumption that the true value of ay, is the same
in each population. For that case the index of summation in Eq. (8) is
allowed to run over populations as well as over the alleles, loci, and
birthplaces within them.

Statistical inference is based on an empirical approximation to the
sampling distribution of &, under the hypothesis that a,; = 0. This sam-
pling distribution is obtained through Monte Carlo simulation, as de-
scribed by Rogers and Eriksson (1988).

The software used in this analysis is available electronically through
ftp from ANTHRO.UTAH.EDU.

Data

Data from several human populations were generously provided by
I. Littlewood, J. Wood, and S. Serjeantson. Littlewood’s data derive
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from the University of Washington New Guinea Micro-Evolution Proj-
ect, which took place in the early 1960s. The language groups studied
are located in the Eastern Highlands of New Guinea. Wood’s data result
from his 1978 study of the Gainj located in the Takwi valley, at the
northern edge of the Central Highlands of New Guinea. Serjeantson pro-
vided data from three populations in and around Papua New Guinea: the
Tep Tep, located in the Finisterre Range; the Lufa of the Eastern High-
lands; and the inhabitants of Karkar Island, located off the northeast coast
of Papua New Guinea. Karkar Islanders and the Lufa were studied in
the context of the Human Adaptability Section of the International Bi-
ological Programme.

The New Guinea groups practice horticulture, their main crops being
sweet potatoes in the Highlands and taro on Karkar Island. Cash-crop
growing (e.g., coffee) and migrant labor (plantations) have developed
since the 1960s and provide some small cash income (Littlewood 1972;
Watson 1983; Wood et al. 1982; Norgan et al. 1974; Walsh 1974; Long
et al. 1986). Karkar Island, however, is much more developed econom-
ically because of its long contact history, and only 56.6% of adult men
describe themselves as subsistence farmers (Hornabrook et al. 1974).

Precontact history in the Eastern and Central Highlands was char-
acterized by endemic warfare, and segments of groups or families often
sought refuge in another group (Feil 1987; Watson 1983; Robbins 1982;
Long et al. 1986).

Contemporary migration consists of women moving to their hus-
band’s group as a result of preferred patrilocality (Feil 1987) and of men
emigrating to work on plantations. The men usually return to their village
(Healey 1985). Thus the ethnographic evidence suggests kin-structured
migration during precontact times but provides no clear prediction about
the kin structure of contemporary migration.

The rhesus monkey colony of Cayo Santiago, established in 1938,
has been described in detail elsewhere (Sade et al. 1985). As with most
Old World primates, the female rhesus monkeys remain in their natal
group throughout life, whereas males emigrate at adulthood (Sade et al.
1985; Greenwood 1980; Koford 1966; Colvin 1983). Because only males
migrate, we ignored females in our analysis. Observers report that male
migration occurs at about 3 years of age and does not appear to be kin
structured (Colvin 1983). The lack of behavioral evidence for kin struc-
ture is interesting in view of the ample evidence that among many Old
World monkeys males often migrate in the company of peers and/or
brothers (Cheney and Seyfarth 1977, 1983; Meikle and Vessey 1981;
Sugiyama 1976; Kawanaka 1973; Froehlich et al. 1981). Furthermore,
in one rhesus population monkeys often migrate into groups where older
maternally related brothers already reside (Meikle and Vessey 1981).
This allows the migrants to integrate into the new group more easily
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Table 1. Description of Data

Number of Number of %
Population Size Groups Systems Migrating K
Aland 2408 16 6 29 17
Gainj 361 22 10 31 23
Lufa 293 10 7 17 11
E. Highlands 816 67 4 5 68
Tep Tep 289 6 8 18 13
Rhesus a 158 10 3 79 11
Rhesus b 156 9 3 77 10
Karkar 454 9 6 16 14

K is the number of component tests used in the sequential Bonferroni test for multiple com-
parisons (see text).

.

because genetically related rhesus monkey migrants often support each
other in aggressive encounters and because monkeys with relatives are
higher in dominance than solitary migrants.

In the analysis of each population we attempted to exclude local
groups (villages, parishes, or bands) that were not censused by the in-
vestigator. Typically, the data included some immigrants from outside
the study area. To exclude these individuals, we included only those
local groups that appeared both as birthplaces and as adult residences in
the data. We also excluded individuals who were younger than age 18
when the data were collected and individuals with missing values for all
relevant genetic systems. These exclusions reduced the size of some data
sets significantly. To facilitate comparison, we treated the Aland data
anew. The sample size and number of groups in this article differ from
those published previously (Rogers and Eriksson 1988).

The rhesus monkey data comprise all male monkeys born after 1960.
Male monkeys migrate repeatedly over the course of their life. The pop-
ulation was analyzed twice: first, analyzing migration from birthplace to
last residence recorded (Rhesus a) and, second, analyzing migration from
birthplace to first adult residence (Rhesus b).

The sample size, number of groups, number of genetic systems,
and migration rate for each data set are given in Table 1. The sample
size ranges from as little as 156 to as many as 2408 individuals. The
number of groups ranges from 6 to 67, and the number of genetic sys-
tems ranges from 3 to 10. Only codominant systems were used. The
percentage of individuals migrating varies from 5% to 79%. The very
low rate of migration (5%) in Littlewood’s data set is probably due to
the facts that (1) the data are predominantly male, (2) the local residence
pattern is patrilocal, and (3) villages that were closely related through
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Figure 1.  Critical regions and observed values. To reject the hypothesis that a,, = O at the
0.05 significance level, the estimate, &,,, must fall outside the critical regions
shown by the bars. The filled circles indicate the observed values of &,,. “Rhesus
a” refers to our analysis of migration to last residence group rccorded, whereas
“Rhesus b” traces migration from natal group to first adult group.

marriage or had split recently were pooled for the purpose of his study
(Littlewood 1972).

Results

Our estimates of a;, arc shown in Figure 1. The rectangles in the
figure indicate the rejection region of a test of the hypothesis that «a,, =
0. This hypothesis can be rejected at the 0.05 significance level for a
particular population only if the estimate for that population falls outside
its rectangle. However, Figure 1 shows that none of our estimates is
significantly different from 0.

We searched for significant results in scveral ways. First, we con-
sidered the hypothesis that all human populations share a single value
of a,,. We estimated «,, under this hypothesis, as described in the Meth-
ods section. Combining data sets in this fashion increased the power of
our test, as indicated by the narrowness of the rectangle at the top of
Figure 1. However, our estimate, &, = 0.010, is very close to 0 and
remains insignificantly different from 0.

We also examined subdivisions and subsets of the study groups.
This yielded several apparently significant results. However, when many
hypotheses are tested, a certain number of spuriously significant results
are to be expected because of chance alone. We corrected for this prob-
lem by using the sequential Bonferroni test for multiple comparisons (Rice
1989), which eliminated all our seemingly significant results. The se-
quential Bonferroni test compares the p values, starting with the small-
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est, to a/K, where « is the desired significance level (in this case 0.053)
and K is the number of component tests. We defined K for each popu-
lation by adding the number of tests performed on the populations as a
whole and, when applicable, the tests performed on the subsets. The tests
per population and per subset are obtained by adding the number of birth-
places tested and the aggregate test over those birthplaces. For example,
there would be four component tests for a population or subset containing
three different birthplaces.

Discussion

Our results provide no support for the notion that kin structure is
pervasive in human migration. None of the populations, taken as a whole,
shows any evidence of kin structure. Why should this be?

First, it is possible that kin structure is indeed pervasive but weak
in magnitude. The rectangles in Figure 1 indicate that for most popu-
lations «,, is unlikely to be judged significantly different from O unless
its true value is above 0.4 or so. This is an appreciable amount of kin
structure. For example, if every instance of migration involved a pair of
brothers, a;;, would equal roughly 0.5. Thus our statistical method is not
powerful enough to detect low levels of kin structure with data sets of
the size that are presently available.

Moreover, we used a two-tailed statistical test, and it is noteworthy
that Williams-Blangero’s (1989b) significant evidence for nonrandom
migration in the Jirels of Nepal was obtained with a one-tailed test.

Second, our estimates may be contaminated by at least two kinds
of bias. The first kind of bias arises when populations are sampled so
as to minimize the relatedness of individuals within the sample. For ex-
ample, an investigator might decide to include only one member of each
sibship in the sample. Such a sample would be useful for some purposes,
because it would reduce the sampling variance of estimates of allele fre-
quencies. However, if two members of a sibship migrate together, this
event would be invisible in such a sample. Thus we suspect that this
sampling strategy would bias estimates of a, downward.

A second kind of bias arises when the relatives in a sample are too
many rather than too few. For example, suppose that in some village we
include only a single sibship in the sample. If two brothers from that
sibship migrate together, they would appear to our program as merely a
random pair of individuals. Thus &, is probably also biased downward
when the sampling strategy exaggerates the relatedness of individuals
within local groups. Although it is doubtful that any investigator would
sample just a single sibship, a less extreme version of this bias might
easily arise. A truly random sample of even a small population would
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be prohibitively difficult to draw, so most investigators adopt a fairly
informal approach to sampling. These informal samples probably often
include larger clusters of relatives than would appear in a random sample.
Finally, five of our six human populations are from Papua New
Guinea. The focus on one region precludes any generalizing conclusion.
Migration may well be kin structured in other parts of the world.
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