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ABSTRACT

The genetic structure of Pileolaria pseudomilitaris was studied by means of
gene-diversity analysis of allozyme frequencies. At an esterase locus, most of
the gene diversity was due to subdivision of the population into colonies and
subpopulations separated by less than 100 meters. Gene frequencies at a phos-
phoglucose isomerase locus were similar over many kilometers, but differed
between two habitat types. Differences between colonies are attributed to
drift and founder effect; similarities over greater distances are attributed to
similar selection pressures. A mathematical appendix details the method
of gene diversity analysis for a multi-leveled, hierarchically subdivided
population.

AMONG marine invertebrates, some organisms are particularly well suited

for a study of genetic structure. In the polychaete family Spirorbidae are a
number of species of small, tube-dwelling, filter-feeding worms. Adults are
simultaneous hermaphrodites, embryos are brooded and the planktonic larval
stage is reduced or absent (Gee 1963; Porswarp 1968). Pileolaria pseudomili-
taris (Thiriot-Quievreux) is an intertidal spirorbid that is common on hard
substrates in subtropical and tropical areas of the Atlanic and Pacific oceans
‘and the Mediterranean sea (ViINE, BarLEY-Brock and Straucman 1972). In
southern California, the worms live in two distinct habitats: on rocks in mid-
intertidal pools and on floating docks and Mytilus edulis shells in boat harbors.
Gene frequency distributions among local populations of P. pseudomilitaris were
studied to estimate the degree of population subdivision and the amount of
genetic differentiation between populations and between habitat types.

A priori, one might expect Pileolaria populations to be highly subdivided. The
major means of dispersal between local populations is a very brief planktonic
larval stage, although there is a chance that whole populations could be rafted
long distances on floating objects or ship hulls. One might also expect large dif-
ferences between the two habitat types. A tide pool on the rocky outer coast is
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different from a floating dock in a protected boat harbor, not only in physical
factors such as temperature, water movement and wave shock, but also in bio-
logical factors such as available food, predators and competitors. Worms from
these two habitats are judged conspecific in terms of traditional morphological
characters (P. KvicrT-JoNES, personal communication; Beckwrrr 1981) and
are interfertile in the laboratory.

Ner (1973; see also CmakraBorTy 1974) devised a method called gene-
diversity analysis to estimate the magnitude of subdivision in a population that
consists of semi-isolated subpopulations. CHAKRABORTY (see APPENDIX 1) ex-
tended this method to the general case of any number of nested subdivisions.
The nature of P. pseudomilitaris populations lends them to this type of analysis.
The species can be divided into two habitat types; within each habitat type, each
intertidal cove or small boat harbor is a separate population. Each population
can be divided into several subpopulations, consisting of nearby tidepools or boat
slips. Individual tide pools or boat slips are readily identifiable colonies, and each
colony can be sampled more than once. The present analysis is based on this
five-level hierarchy. Gene-diversity analysis provides a measure of the relative
amount of subdivision due to level. From this analysis, one gets a picture of the
scale at which differentiation occurs, which suggests hypotheses about the causes
of differentiation.

MATERIALS AND METHODS

Standard methods of starch gel electrophoresis were adapted to spirorbid polychaetes, En-
zyme stains were taken from Sevanper et al. (1971). Two buffers were used: Phosphate (SE-
LANDER et al. 1971) and Tris-maleate (GrassLe and GrassLe 1976). Seven loci (6 enzyme stains)
were scored: Phosphoglucose isomerase (PGI), esterase (EST) and leucine amino peptidase
(LAP) were used with the phosphate buffer; phosphoglucomutase (PGM), malate dehydro-
genase (MDH) and glutamate oxaloacetic aminotransferase (GOT-1, GOT-2) were used with
the tris-maleate buffer. Common alleles at all loci follow Mendelian inheritance in laboratory
culture (Becxwitt 1979). A sample collected in the field consisted of about 40 worm tubes, from
1 or a few adjacent intertidal stones or M. edulis shells. Live specimens were returned to the
laboratory and used for electrophoresis within 1 week. Actual sample sizes were sometimes
less than 40, if there were many empty tubes. An individual spirorbid could be stained for 3
enzymes. Therefore, after worms had been removed from their tubes, half of the individuals in
a sample were used for each set of enzyme stains,

A total of 21 samples (613 worms) was taken from 2 intertidal coves and 3 small boat harbors
in southern California, Royal Palms is a small rocky intertidal cove on the Palos Verdes Penin-
sula, Los Angeles County, with tide pools in a horizontal rock shelf. One subpopulation at Royal
Palms was made up of 5 colonies from small tide pools, all at the same tidal height and separated
by less than 10 meters. One or 2 samples were taken from each cslony (RPB, RPC, RPD, RPE1,
RPE2, RPF1, RPF2). The second subpopulation at Royal Palms was in a large pool about 100
meters away. Three samples were taken from this subpopulation (which consisted of a single
colony: RPL1, RPL2, RPL3). Lunada Bay is another rocky cove on the Palos Verdes Peninsula.
Two subpopulations were sampled, each located in a single tide pool and separated by about 100
meters. There were 2 samples taken from the first subpopulation (a single colony: LBA1,
LBA2), and 1 from the other (LBB). Holiday Harbor is a small boat marina in San Pedro Harbor,
Los Angeles Harbor, Los Angeles County. Three samples were taken from a single boat slip or
colony (HHA1, HHA2, HHA3). A single sample was taken from a colony in a second subpopu-
lation, a boat slip about 100 meters away (HHB). Marina del Rey is a man-made small boat
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harbor, also in Los Angeles County. Two samples were taken from one colony (DRA1, DRA2),
and a single sample was taken from the colony in an adjacent boat slip in the same subpopulation
about 10 meters away (DRB). A final sample was taken from the small boat harbor in Santa
Barbara, Santa Barbara County (SB).

Genetic distance between samples was calculated using the minimum distance measure
(D,,) of Ner and RovcrouprURY (1974). This measure was chosen over the variety of similar
measures because it is the most conservative of Ner's measures, and there is a statistical test of
significance. Also, it is closely related to the measure of gene-diversity analysis used in the
subsequent analysis.

Allozyme frequencies were used in the calculation of gene diversity following the method of
CHARRABORTY (see APPENDIX 1), extended to 5 hierarchical levels. Sample gene frequencies were
calculated in the usual manner. Gene frequencies for higher levels of subdivision were the
average of all samples within that subdivision (not weighted by sample size).

By extension from the case illustrated in the appENDIX, Hy= Hy, 4 Dyg+ Dgg + Dgp +
Dy + Dy, where Dy = Hy— H, is the gene diversity between samples, and so forth. From
equation (1) in the apPeNDIX, the relationship between gene diversity and minimum distance is
also apparent.

Finally, it is possible to calculate a series of coefficients of gene differentiation (Nex 1973)
that estimate the proportion of the total gene diversity that is due to subdivision at each level of
the hierarchy. Thus, Gygyy is the proportion of the total gene diversity that is due to
subdivision of the subpopulations into colonies, and so on.

RESULTS

Gene diversity: Table 1 is the matrix of minimum genetic distance (Dy) be-
tween all pairs of samples of Pileolaria pseudomilitaris. Sample size and gene
frequencies for all samples are given in aprenDIX 2. It is apparent that there is
appreciable genetic differentiation. Most (200 of 210) pairwise comparisons of
samples are significantly different. Even among pairs of samples from single
colonies, there are significant differences at six of 10 comparisons. This is strik-
ing evidence for genetic subdivision between samples separated by less than 10
meters from seemingly identical habitats, with no apparent barriers to move-
ment. It may be that, among 40 adjacent worms, many are full or half siblings
(see description of setting behavior below). ' :

A dendrogram (Figure 1), using Dy as the index, was constructed using a
nearest-neighbor sorting strategy (= single-linkage; Sorar and S~neaTs 1963).
This sorting strategy is the least likely to form widely separated groups. Even
so, the samples sort out into two coherent units: one including all the samples
from intertidal areas, and the other all the samples from boat harbors. Within
these two large groups there is a tendency for samples from a single population
or subpopulation to group together.

The results of the gene diversity analysis are given in Table 2. Gene diversity
within samples (average heterozygosity of samples) accounts for about 709% of
the total. The remaining 309, is due largely to subdivision by habitat type
(Gur=9%) and population (Geucry =8%). Subdivision at lower levels adds
another 49 each. The overall pattern is the same as that seen in the dendrogram.

When data from all loci are averaged together, the major components of dif-
ferentiation are due to differences between habitats and populations. Alone, this
does not indicate whether differentation is due to selection.or isolation. Differ-
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Ficure 1.—Dendrogram of genetic distance between samples of Pileolaria pseudomilitaris,
based on all loci. Samples from boat harbors are underlined.

ences among samples or colonies are of lesser magnitude; yet, they too are sig-
nificant. Note that the standard errors in Table 2 are due to inter-locus variation
within one level of the hierarchy, rather than intra-locus variation between
colonies, subpopulations, etc.

By examining gene diversity at each polymorphic locus separately, it is pos-
sible to decide whether all loci respond in the same way to the environment.
Also included in Table 2 are gene diversities for the four polymorphic loci
(Hy > 0.05). There are striking differences among these loci. Average heterozy-
gosity within samples is comparable at all loci, as is total gene diversity. The
partitioning of gene diversity among the levels of the hierarchy, however, is dif-
ferent for each locus.

The gene diversity at the Pgi locus is high between habitat types and moderate
between populations (16% and 5%, respectively). All of the lower levels con-
tribute only an additional 3%. The Pgm locus has a very similar pattern. By
contrast, for the Est locus, gene diversities between habitats and populations ac-
count for only 0.6% and 39, while subdivision into subpopulations and colonies
provides the bulk (249). In the Lap locus, most gene diversity is due to sub-
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TABLE 2

Gene diversity analysis of Pileolaria pseudomilitaris

Gene diversity (D) Pgi Pgm Est Lap Average S.E.
H (within samples) 0540 0499 0443 0433 0273 0.092
Dy, (between samples, within colonies) 0.015 0.023 0.022 0.039 0.015 0.006
D (between colonies, within subpopulations) 0.004 0.009 0.068 0.018 0.014 0.009
Dy, (between subpopulations, within populations) 0.002 0.011 0.089 0.008 0016 0.012
D,,; (between populations, within habitats) 0.036 0.025 0.022 0.128 0.030 0.017
D, (between habitats) 0.110 0.071 0.004 0.054 0034 0.017
H, (total gene diversity) 0.706 0.590 0.647 0.683 0382 0.130
Coefficient of gene differentiation (G)
Hy/H, (within samples) 0.765 0762 0.685 0.634 0.714 0.200
Gyg(r) (between samples) 0.021 0.040 0.034 0.058 0.038 0.019
Gpg(r) (between colonies) 0.006 0.015 0.104 0.027 0.037 0.023
Ggp(py (between subpopulations) 0.002 0.018 0.138 0.012 0.042 0.029
Gp H‘(T) (between populations) 0.051 0.042 0033 0.187 0.079 0.034
Gy (between habitats) 0.156 0.121 0.006 0.079 0.080 0.014

Included are daia for four polymorphic loci and the average of all seven loci.

division into populations (19%) or habitats (8%), but an appreciable amount
is due to differences between samples within colonies (6% ).

Differences between loci can also be seen in dendrograms based on single-locus
measures of genetic distance. Figures 2a and 2b are dendrograms based on the
Pgi and Est loci, chosen to represent the two extreme types. For the Pgi locus,
habitat differences are accentuated, and to a lesser extent, population differences
are also apparent. For the Est locus, on the other hand, there is no discernible
pattern. Samples from different populations or habitat types are often joined to-
gether as the most similar, and there is no tendency to form groups.

Larval dispersal: Although it is not possible to measure dispersal rates in the
field, results of simple behavior experiments in the laboratory indicate that dis-
persal can be quite low under favorable circumstances. Pileolaria pseudomili-
taris will settle readily on plastic or glass, among other hard surfaces. One or
two adult worms, with brooded embryos, were placed in one quadrant of a 50
mm plastic petri dish in a well-aerated one liter aquarium (particles suspended
in the water were carried to all parts of the aquarium within 30 sec). Of the
total of 151 larvae, in seven experiments, 120 settled in the dish with their par-
ents and only 31 in other parts of the aquarium. Still more striking, of the 120
that settled in the petri dish, 96 settled in the same quadrant as their parents.
Under laboratory conditions, 609, of the larvae settled within 20 mm of their
parents. Observations of larvae that hatched normally indicated that most larvae
contacted the substrate and explored it immediately. Many metamorphosed
without ever swimming (cf., GFe 1963).
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DISCUSSION

Pileolaria pseudomilitaris populations are highly subdivided. There are sig-
nificant differences in gene frequencies between adjacent tidepools or boat slips.
Coefficients of gene differentiation, averaged over all loci, indicate that differen-
tiation is greatest between habitat types and nearly as great between populations.
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Different enzymatic loci appear differentiated at different geographic scales.
Avara (1974), CrristenseN and FrypeEnsere (1974) and LevintoN and
Sucaanek (1978) have all argued from similar evidence that natural selection
is responsible for some, if not all, of the differences. LEwonTIN and KRARAUER
(1973) suggested comparing the observed variance of Fsr with its expected vari-
ance. They were criticized (NEr and Maruyama 1975; Rosertson 1975) for
underestimating the expected variance. RoBertsonN has shown how difficult it is
to use the variance among loci as evidence for nonneutrality, especially if the
population is subdivided in a hierarchical fashion. Using RoBerTsonN’s method
of estimating the added variance due to hierarchical structure, and the average
coefficients of gene differentiation as the branch lengths of a tree of relationships
among samples (a crude first approximation of the true correlation matrix of
gene frequencies, based on a small number of loci), the expected variance among
loci of the variance of gene frequencies within samples is V (V) = 0.00726. The
observed value of this variance, calculated as the variance of Dyy/2 among loci
(N1 1973), is 0.00055, less than the expected variance. By combining samples
into colonies and colonies into subpopulations, etc., it is possible to repeat this
analysis at each level of the hierarchy. At no level is the observed variance sig-
nificantly greater than the expected variance; it is not possible to reject the
hypothesis that all alleles are neutral.

The larval settlement behavior of spirorbids has been well studied in several
species. Most of the species studied are gregarious; that is, they are stimulated
to settle by the presence of others of the same species (KnicuT-JOoNES 1951).
Among species that are restricted to a limited range of algae as preferred sub-
strate, settlement can be delayed in the absence of the appropriate stimulus (pE
SiLva 1962; Ger and KnicuT-JonEs 1962). Pileolaria pseudomilitaris differs
from most of the species studied in that it is not found on a restricted range of
substrates. Larvae are neither selective nor loyal (in the sense of DovyrLe 1976).
Under natural conditions, even selective spirorbid species may have an ab-
breviated larval stage, since they are released into the environment with a great
likelihood of contacting a favorable site immediately (Gee 1963). Larvae may
decline to settle if the parent population is crowded. Wisery (1960) has shown
that the gregarious response of Spirorbis borealis is inhibited when densities ex-
ceed about 10/cm? In the laboratory, the maximum observed densities of P.
pseudomilitaris approximated this value (10.8/cm?). Dispersal may be nil in
moderate populations, but may increase as density increases.

Spirorbid colonies appear to be transitory. Intertidal rocks are often over-
turned, and the undersides of such rocks are covered with empty spirorbid tubes.
On M. edulis shells, P. pseudomilitaris is apparently overgrown by encrusting
sponges and bryozoans. Under such circumstances, founder effect can cause
colonies to differ, in spite of moderate selection.

The genetic structure of Pileolaria pseudomilitaris can be hypothetically re-
constructed as follows: Each population is a mosaic of semi-isolated colonies.
Demes consist of a single tidepool or boat slip, or at most they extend a few tens
of meters. Colonies are subject to a high rate of extinction, and are replaced by a
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few founder individuals. Most of the offspring remain within a colony; thus,
populations can increase rapidly. The few larvae that are transported beyond
colony boundaries are not sufficient to keep colonies genetically uniform, but do
form a pool to initiate new colonies.

If Pileolaria pseudomilitaris has the type of genetic structure I have suggested,
it is difficult to explain the large number of alleles segregating in each colony.
High extinction rates and small effective population size are factors that should
decrease heterozygosity and number of alleles. Yet, all polymorphic loci typi-
cally have three to five alleles in a single sample. Although spirorbids are capa-
ble of self-fertilization (GEE and WiLLiams 1965; PorswaLp 1968; Becrwitr
1979), most colonies can not be the isolated progeny of a single individual. Gene
flow between colonies is apparently sufficient to introduce new alleles, but not
sufficient to keep gene frequencies similar.

The genetic structure of P. pseudomilitaris appears to be more highly sub-
divided than other marine invertebrates that have been studied. Goocr (1975),
in an extensive review, has tabulated the relationship between dispersal ability
and genetic subdivision. In general, there is an increasing trend towards re-
gional differentiations in species with limited dispersal, although individual loci
may respond in opposite fashion. LEviNnton and Sucuaner (1978) concluded
that large amounts of gene flow keep M. californianus populations similar when
there is little environmental heterogeneity, but they emphasize the significance
of microhabitat differences. GrassLe and GrassLe (1977, 1978) have discussed
the genetic consequences of dispersal, population size and environmental in-
stability, with particular reference to the polychaete Capitella. They suggest
that opportunistic species, which are less well dispersed, are more likely to be
divided into subpopulations because of short-term selection.

Pileolaria pseudomilitaris has many of the properties of an opportunistic
species, including reduced dispersal, moderate genetic variability and highly sub-
divided populations. Gene-diversity analysis cannot provide much information
about the relative significance of selectionist or neutralist causes of this subdivi-
sion. Intuitively, one might expect differences between habitat types to reflect the
significant environmental differences between a small boat harbor and a tide-
pool. Such a hypothesis must be tested by transplants or other experimental
manipulations. However, there is considerable genetic subdivision, even within
one habitat type, from adjacent colonies or samples. Subdivision at this small
scale is more likely due to reduced dispersal, leading to inbreeding within colo-
nies. Genetic structure at this scale is more likely to represent peculiarities in
the biology of a particular species. The colony by colony pattern of gene fre-
quencies is not likely to be stable over many generations. Differences in gene
frequencies, although statistically significant, relate more to reproductive events
within one generation than to processes of adaptation or speciation that act over
many generations.

This study formed part of a Ph.D. Thesis in the Department of Biological Sciences, Univer-
sity of Southern California. I wish to thank K. FaucuaLp, my advisor, for his patience and
guidance. A. Giir. and T. AUVENsHINE provided instruction in techmniques of electrophoresis. M.
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APPENDIX 1

GENE-DIVERSITY ANALYSIS IN NESTED
SUBDIVIDED POPULATIONS
RANAJIT CHAKRABORTY

Center for Demographic and Populat.on Genetics, University of Texas Health Science Center,
Houston, Texas 77025

NEr (1973) proposed a method of decomposing the gene diversity (heterozygosity) of a
population into its components, i.e., the gene diversities within and between subpopulations. He
also indicated that this method can be extended to the case where each subdivision is further
subdivided, but did not show the details of the procedure. I present below the method of gene-
diversity analysis when a population is divided into s subpopulations and the ith subpopulation

8
{i=1,2,...,s) is composed of ¢- colonies. Let ¢c:= igl ¢; be the total number of colonies in the

entire population. In the accompanying paper, the same method is applied to describe the popu-
lation structure of a small marine polychaete worm (Pileolaria pseudomilitaris) with five levels
of nested hierarchial division. To illustrate the method, I shall simply consider the Pgi gene
frequency data and two levels of subdivision “species to habitats to populations” from the
accompanying paper.

Let z;j, represent the frequency of the kth allele at a locus in the jth colony of the ith
subpopulation (i=1.2,...,s; j=1,2,...,¢;).The frequency of the same allele in the ith
subpopulation is then given by

1 5%
Ty = o 21 Tidk

and the frequency of this allele in the entire population is

1 8
x"k:7i§1cixi'k
1 s S
=—.2 B -

c i=1 j=1

The gene identity values in the entire population, ith subpopulation, and jth colony of the ith
subpopulation are then given by
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and
J.

P 2
if %x

ik »
respectively.

The quantity J, may be written as
1 2
Jp= %( ?21 ¢; xi.k)

1
—_— |:§ CZi (% Izi'k) + 1.2#27./, c; €y (% ZipTirk )]

02
= 12 J 1 p D
TRl T g e P (1)

where D; ;. = H, ; — (H; -+ H,.)/2 is the gene diversity between the ith and #'th subpopula-
tions; H ;=1—J;;and H; j =1 — 22,5 250

Note that the first term in (1) describes the average gene identity within subpopulations
(J5), and the second term represents the average gene diversity between subpopulations (Dgg).
We thus have

Jp=1Js— Dgr »
which is equivalent to NE1's equation [7] (NEer 1973).

To decompose the within-subpopulation gene identity (Jg) into its components considering
the subdivision into colonies, we write

]S:-Z%c"’]i
:-1—20 2[—121 ]2
c v % c; I ik
:—1:—2 I:E] -——iZE ,:I
e 3 LT gl Y
——}Ei]z]ii—‘i—%cibcsi ’ 3)

where Dos,; — 1/(024;) ]EE]:"D“,”
subpopulation. Clearly, the first term of (3) represents the average gene identity within all
colonies (J,), and the second term is the average gene diversity between all colonies within
subpopulations (D). Combining (2) and (3) we thus have

Hy=Hy+Dg + Dy , 4)

which gives the same equation that Ner (1973) derives for a hierarchial population structure.
It may be mentioned that, for any number of loci, we need only replace the gene diversity for
a locus by the average gene diversity for all loci studied. Thus, we have

, is the average gene diversity between colonies within the ith

chl—%}}z_?]if/c,

Dy =Hy —Hy=Js— 1
and

Doyg=Hg—Hy=7J,— g .

As an example, let us consider the 21 sampling sites of the population of P. pseudomilitaris
and the gene frequencies at the Pgi locus, which may be computed from the table of ApPENDIX 2.
The computed gene frequencies for the two levels of subdivision of the whole species data into
habitats and populations together with the number of sampling sites within each unit is shown
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TABLE A1

Gene frequencies and gene-diversity statistics at Pgi locus of P. pseudomilitaris
at population, habitat and species level

No. of Allele frequency
Levels of sampling Gene identity
subdivision Units sites pgi-® pgi-b pgit pgi® pgi® pgi¥® pgit® pei¥ N

Population RP 10 0 0 0272 0.069 0.015 0.030 0.604 0.010 0.4447
LB 3 0 0 0238 0.032 0.09¢ 0.175 0.465 0 0.3125

SB 1 0 0 0.767 0.233 0 0 0 0 0.6422

HH 4 0.046 0.183 0.342 0.233 0.196 0 0 0 0.2452

DR 3 0 0 0.850 0.142 0 0.008 0 0 0.7426

Habitat INT 13 0 0 0.264 0.061 0.032 0.063 0.572 0.008 0.4056
HARB 8 0.023 0.092 0.585 0.199 0.098 0.003 0 0 0.4008

Species 21 0.009 0.035 0.387 0.113 0.057 0.040 0.354 0.005 0.2938

See accompanying paper for abbreviations.

in Table A1l. For the whole species, the gene-identity at the Pgi locus is thus given by
Jp=(0.009)2 <. .. - (0.005)2 = 0.2938. The average identity within habitats is computed
from Table A1l as

1
Ty = - (13 X 04056+ 8 X 0.4008)

= 0.4038 ,
and thus Dy, (analogous to Dy, of the text) == H, — H,
=Jy—T;=01100 .

The average gene identity within the five populations is similarly given by

1
Jp= o7 (10 ¢ 0.4447 ... 4 3 x 0.7426)
= 04398 ,
so that the average gene identity between populations within habitats is
Dy (analogous to D of text) = H, — H,,
=Jp—J,;=0.0360 .
‘We thus have,
Hy=Hp+ Dyp+ Dpy
(0.7062) = (0.5602) -+ (0.1100) - (0.0369)

In the accompanying paper, further subdivision of H, is done by the hierarchical subdivisions
of each populations into subpopulations, colonies and sampling sites.

Finally, it may be noted that, in this note, all sampling sites (called colonies in the text) are
taken to be of the same size). In practice, the variation in their population sizes may have to be
taken into account, which can be incorporated as described in CraxraBorTY (1974).

LITERATURE CITED
CHARRABORTY, R., 1974 A note on NEI's measure of gene diversity in a substructured population.
Humangenetik 21: 85-88.

NEer, M., 1973 Analysis of gene diversity in subdivided populations. Proc. Natl. Acad. Sci. U.S.
70: 3321-3323.



724 R. CHAKRABORTY

APPENDIX 2

Gene frequency data for all samples of Pileolaria pseudomilitaris are provided in the following
tables.

TABLE A2

Allele frequencies for Pgi locus of Pileolaria pseudomilitaris

Allele

Sample site Sample size pgi— 1 pgi-t pgit pgi® pgit? pgi® pgi® pgis?
RPB 20 0 0 16 4 0 0 20 0
RPC 20 0 0 12 4 0 0 24 0
RPD 14 0 0 8 0 0 0 20 0
RPE1 10 0 0 6 2 0 0 12 0
RPE2 10 0 0 5 0 2 0 13 0
RPF1 14 0 0 9 0 0 1 18 0
RPF2 9 0 0 3 3 0 2 10 0
RPIL1 20 0 0 7 3 2 1 25 2
RPL2 20 0 0 13 2 0 3 20 2
RPL3 20 0 0 8 4 0 2 26 0
LBA1 9 0 0 8 0 1 1 8 0
LBA2 11 0 0 1 1 2 7 11 0
LBB 20 0 0 9 2 5 6 18 0
SB 15 0 0 23 7 0 0 0 0
HHA1 18 1 2 16 11 6 0 0 0
HHA2 5 0 2 3 2 3 0 0 0
HHA3 9 1 5 4 5 3 0 0 0
HHB 10 2 4 8 3 3 0 0 0
DRA1 15 0 0 30 0 0 0 0 0
DRA2 20 0 0 32 8 0 0 0 0
DRB 20 0 0 30 9 0 1 0 0

See text for abbreviations.

TABLE A3
Allele frequencies for Pgm locus of Pileolaria pseudomilitaris
Allele
Sample site Sample size pgm*® pgmi pam’ pgmdt
RPB 19 0 0 25 13
RPC 19 0 2 25 11
RPD 14 2 0 22 4
RPE1 10 1 6 13 0
RPE2 10 0 0 20 0
RPF1 14 1 1 21 5
RPF2 13 0 1 22 3
RPL1 20 0 2 30 8
RPL2 20 0 1 39 0
RPL3 20 0 1 39 0
LBAt 9 1 1 14 2
LBA2 11 1 8 9 4
LBB 20 1 13 18 8
SB 15 2 6 17 5
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TABLE A3—Continued

Allele
Saraple site Sample size pgm* pgmit pgm® pgm®
HHA1 14 4 12 10 2
HHA2 6 0 6 3 3
HHA3 7 i 2 9 2
HHB 10 8 8 3 1
DRA1 15 1 22 3 4
DRA2 20 3 23 10 6
DRB 20 3 138 10 9
See text for abbreviations.
TABLE A4
Allele frequencies for Est locus of Pileolaria pseudomilitaris
Allele
Sample site Sample size est’® est58 est® estoé
RPB 20 0 0 20 20
RPC 20 0 0 4 36
RPD 14 0 1 0 27
RPE1 10 0 0 2 18
RPE2 10 0 0 5 15
RPF1 13 0 2 18 6
RPF2 9 0 4 14 0
RPL1 20 0 17 23 0
RPL2 18 0 12 2% 0
RPL3 20 0 3 37 0
LBA1 9 0 12 6 0
LBA2 11 0 12 10 0
LBB 19 0 1 11 26
SB 15 7 6 6 11
HHA1 17 2 1 10 21
HHA2 5 0 2 5 3
HHA3 9 2 2 10 4
HHB 10 0 5 14 1
DRAI1 15 1 3 15 11
DRA2 20 1 14 24 1
DRB 20 3 8 17 12
See text for abbreviations.
TABLE A5
Allele frequencies for Lap locus of Pileolaria pseudomilitaris
Allele
Sample site Sample size lap®? lap?® lop* lapt® laphé
RPB 17 0 5 23 6 0
RPC 20 0 4 32 4 0
RPD 14 0 2 16 10 ]
RPE1 7 ¢ 6 2 6 0
RPE2 10 0 5 10 4 1
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TABLE A5—Continued

Allele

Sample site Sample size lap¥ lap®® lap®® lap® lopt4
RPF1 8 0 2 13 3 0
RPE2 8 0 12 3 1 0
RPI1 19 0 5 25 8 0
RPL2 18 0 12 23 1 0
RPL3 16 0 6 25 1 0
LBA1 7 0 2 2 10 0
LBA2 11 0 0 5 17 0
LBB 19 1 5 5 27 0
SB 13 0 0 10 15 1
HHA1 18 9 10 11 6 0
HHA? 5 6 1 3 0 0
HHA3 9 10 1 2 5 0
HHB 10 5 4 2 9 0
DRA1 15 0 0 0 30 0
DRA2 20 0 0 (1} 40 0
DRB 20 0 0 0 38 2

See text for abbreviations.
TABLE A6

Allele frequencies for Mdh, Got-1 and Got-2 loci of Pileolaria pseudomilitaris

Locus and allele
Sample site Sample size mdh8 mdh#? mdhi8 got-117 got-240
RPB 20 0 40 0 40 40
RPC 20 1 39 0 40 40
RPD 14 0 28 0 28 28
RPE1 10 0 20 0 20 20
RPE2 10 0 18 2 20 20
RPF1 14 0 28 0 28 28
RPF2 13 2 24 0 26 26
RPL1 20 0 40 G 40 40
RPL2 20 0 40 0 40 40
RPL3 20 3 33 4 40 40
LBA1 9 0 18 0 18 18
LBA2 11 0 22 0 22 22
LBB 20 0 40 0 40 40
SB 15 0 30 0 30 30
HHA1 14 0 28 0 28 28
HHA2 6 4] 12 0 12 12
HHA3 7 0 14 0 14 14
HHB 10 0 18 2 20 20
DRA1 15 0 30 0 30 30
DRA2 20 1 39 0 40 40
DRB 20 0 40 0 40 40

See text for abbreviations.



