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fiation of snail populations and might be as-
sociated with local differences in snail
susceptibility to strains of schistosomes. Mul-
vey & Vrijenhoek [1982) tested this hypothe-
sis by examining seven populations in Puerto
Rico. These populations were highly struc-
tured; snails exhibited relative genetic homo-
geneily within populations and differentiation
among local populations, Moreover, the
snails from the island of Puerto Rico were ge-
netically less variable than those described
from Brazil (Marang ef al, 1881), An associ-
ation between reduced genetic variability and
genetic differentiation in island populations is
not unexpected. The present study was un-
dertaken fo ascertain the degree of genetic
differentiation ccourring among island papu-
lations and to clarfy the systematic relation-
ships of snails from the various islands, es-
pecially the Dominican Republic,

MATERIALS AMND METHODES
Specimens

Biomphalaria glabrata were collected with
dip net or forceps from 6 locations in the West
Indies between 20 August and 4 September
1983 as follows [arranged in geographic se-
guence from northwest to southeast):

A, Quisquisya, Domini- roadside diteh
can Republic

E. Fiedra Blanca, roadside ditch by
Dominican Republic  cane field

C. Malpica, Puerlo Rico rural stream

0. Gosier, Guadeloupe  small farm pend

E. Bexon, St. Lucia plantation irrigation

ditch

small hillside
stream

F. Americ, 31 Lucia

Snails were abundant {= 200/m®) at all loca-
tions except B and F. In addition, Biomphala-
ria havenesis were collected from a roadside
ditch near Las Piadra in the Dominican Re-
public to serve as an outgroup for analytical
purposes. Samples were transported alive to
San Diego or stored on dry ice following col-
lection, Voucher specimens are deposited at
the University of Georgia's Savannah River
Ecology Laboratary.

Electrophoresis

Snails were crushed individually, fissues
wearg removed from the shell and homoge-
nized in 0.2 ml of grinding sclution (0.01 M
Tris, 0,001 M EDTA, 0.05 mb NADP; pH 7.0).
Hamogenate fluid was absorbed onto filter
paper wicks and inserted into 12.5% harizon-
tal starch gels. Electropharelic methods, in-
cluding combinations of buffers and stains,
are given elsewhere [(Mulvey & Vrijenhoek,
1881a) and, in the case of five previously un-
studied proteins, in Table 1. The M stock of 5.
glabrata (MNIH albino) was used as a labora-
tory reference material and maobilities of elec-
tromorphs are reported relative 1o the com-
mon  allozyme of the M stock which s
arbitrarily assigned a value of 100, Typically,
individuals from several populations as well
as M stock standards were run on each gel to
faciltate comparison of alleles across popu-
lations.

Statistical Analyses

Data consisting of multilocus ganotypes tor
individual snails were analyzed using the
BIOSYS3-1 computer program  (Swoflord &
Selandser, 18981, A locus was considered
palymorphic (P} if mare than one allele was
detected, Mean heterozygosity per individual
(H) was estimated by direct count. A X sta-
tistic was used 1o test the fit of the observed
data to expectations under a model of panmix-
ia. For loci with three alleles, X2 stafistics
were calculated by pocling the least comman
allgles. Expected frequencies were calculzted
uging Levene's (1949} correction for small
sample sizes. Population structure was ex-
amined using F-statistics (Wright, 1878). The
total genetic variance was partiticned into the
following components: between islands, be-
tween subpopulations on islands, and het-
erazygosity within island subpopulations. Es-
timates of genetic distances were obtained by
the method of Mei (1978) which is unbiased
vy sample size, Geneatic distance values wereg
clustered using the unweighted pair group av-
eraging method.

RESLILTS

Eighteen proteins were examined and pro-
vided information on 21 loci. Genetic interpre-
tation of electromorph patterns is based on
breeding experiments in 8. glabrata (Mulvey
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TABLE 1. Methods used 10 resolve additional enzyme sysiems in Boomphaiana glabrata.

Enzyme Abbrewiation  Buffer Stain®
Alkaling ALP TCs.8 &0 mi 0.2 M Tris'HCI. pH 8.0
phosphatase a0 mg [-naphthyl acid phosphate
=i mg Fast Blue BB
Hasmoglabin HE TCE.8 Stain: 1.25 g Coomassia blue in fixative (250 mi
methanol, 250 mi water, 46 ml acetic acid)
Destain: several changes of lxative
socitrate IDH TC68 50 mi 0.2 M Tris'HCI pH 8.0
dehydrogenase 120 g isocinc acd
140 mg MgCl:
10 mg NADP
10 mg MTT
5 mg PMS
Muclegside NP TBE S0 mil 0.1 M K-phosphate, pH 6.5
phosphorylase 30 mg inosne
10 units xanthine axidase
10 mg MTT
5  mgPMS
Xanthine XDH TBE 50 mi 0.2 M Tris'HCI, pH 8.0
dehydrogenase 25 myg hypoxanthine
10 mg NAD
10 mg MTT
5 mg FMS

"TCES = 0,185 M fris, 0LOGS M cirale, pH 6.8; dilune 1:20 lor geis and 1:10 ior glectode chambgrs. TBE = 0.5 M s, 0.65
M borate, 0.2 M EDTA: pH 8.0; ddule 1:10 for gals and use undiuted lor phecirods chamiirs
"WAD = repotnamide adeniné dnuclectide, MADP micotinamade aderang dinucieonde phosphale, MTT = matind

thiazolyl blug, PMS - phanazme methosulphats

& Vrjenhoek, 1884: Mulvey & Woodrull,
1985; Mulvey et al., in prass) and descriptions
given by Harris & Hopkinson (1976) and Ri-
chardson et al. (1986). Each of the proteins
not previously described for B. glabrata (ALP,
IDH, HB, NP and XDH) appeared as a single
region of activity. Palterns observed for he-
known subunit structures. Electromorph pat-
lerns were identical in tissues frozen in the
field or never frozen.

Allozyme frequencies for the seven sam-
ples are presented in Appendix A, and sum-
mary statistics describing genetic variation
are presented in Table 2. Eight loci were
monomorphic for all B. glabrata examined.
Thirteen loci were variable; Gap, Got-1, Lah,
Md-1, Me, Np. Pgd and Xdh had two alleles,
and Est-2, ldh, Pgm-1 and Pgm-2 had three
alleles among populations of B. glabrata. The
Dominican Republic population of B. have-
nensis had 16 monomorphic loc and was
diallelic at five loci {Gpd, Goi-1, Pgd, Pgm-1
and Pgm-2). Average individual heterozygos-
ity (M) ranged from 0.000 to 0.037 for popu-
lations of B, glabrata and was 0.006 for the 5,
havenensis population.

Genotype frequencies in each sample were

generally in agreement with expectations for
random mating. Twenty-gight X* tests for fit to
Hardy-Weinberg expectations were per-
formed and no statistically significant devia-
tions were observed. Values for F-stalistics
for the six populations of B. glabrata are pre-
sented in Table 3. The mean F, value of 0.838
reflects a larger contnbution by F (between
population differentiation) and fittle contribu-
tion by F, (within population differentiation) 1o
the overall fixation index. A hierarchical G-
statistic analysis indicates that 78% of the fo-
tal genetic variance can be accounted for be-
tween islands, 2% between samples on
islands, and 20% between individuals in sam-
ples.
Genetic distance values are presented in
Table 4. Values for populations of B. glabrata
ranged from 0.00 to 0.18. The interspecific
genetic distances for B. glabrata and B. ha-
venensis were all greater than 0.47,

The two St. Lucia samples exhibited no de-
tectable enzyme activity for the fdh locus.
When tissue from St. Lucia snails was elec-
trophoresed and stained for IDH activity, the
gel remained unstained, M stock controls or
snails from aother islands run alongside
showed good activity. An attempt to demon-
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TABLE 2, Summary statistics of genetic vanation among Wes! Indian populations of Siomphalana

giabrata. See text for locations. P = % polymeorphic loci; = one allele delected, H Iriean
heterazygosity by diract coun
Mean Mo.

Sample allales/loous
Papulation Size (= 0.1} F H
Biamphalaria glabrata
A, Dominican Aepublic 334 210 1.2 19.0 n.oz27y
2. Dominican Aepublic 3Ba 12 1.3 234 0022
C. Puaro Rico 294 1.5 1.3 23.8 0.a11
[, Guadeloupe 325+28 1.1 8.5 0.003
E. 5t Lucia 3548 + 3.0 1.1 9.5 0.003
F. 5t Lucia arhs 32 1.2 23.8 0.037
Bicmphalaria havenesis
G, Dominican Begublic a0z 22 1.3 238 0,006

strate |DH activity in St. Lucia snails was
made by varying conditions of electrophoresis
and madifying the staining solution but no ac-
tivity could be detected. As the St Lucia sam-
ples showed strong activity when stained for
all other enzyme systems, an allelic designa-
tion of “null”™ has tentatively bDeen given 10
these snails for the jdh locus,

DISCUSSION

The levels of gensatic polymorphism among
populations of 8. glabrata from four islands in
the West Indies are in the lower range of val-
ues reparted for 28 terrastrial and freshwater
pulmanate  snails  [(Selander & Ochman,
1883). Mean individual heterozygosity (H) in
populations of B alexandrina in Egypt
(Graven, 1984) and 8 straminea in Hong
Fong (Woodruff ef &l 1985) were 0.04-0.09
and 0.08-010, respectively. Marang el al.
(1281) reported that populations of B, gla-
brata in Brazil had levels of allozyme poly-
morphisms (F) that ranged from 018 1o 0.48
and levels of individual heterozygosity of
0.076 to 0.211. Although there is only partial
overlap for the enzymes used in these stud-
ies, the lower levels of genatic variation in the
West Indian populations are consistent with
their island distribution as geographic isola-
tion reduces the probability of dispersal
among populations. Estimates of average in-
dividual heterozygosity ranged from 000 to
0.04. These values are also at the lower end
of the range reported for molluscs (Selander
& Ochman, 19283). As discussed by Simon &
Archie (19858), estimates of P and H are
strongly dependent on the loci chosen as well
as sample size. Thus differences in proteins

studied in the studies of Siomphalarna may
account for some of the differences in P and
H estimates.

Selling is probably not a significant contrib-
utar to population structure among these is-
land populations, Although a functional her-
maphrodite, Biomphalariz is a preferential
outcrosser, capable of multiple matings and
sperm storage (Mulvey & Vrijenhoek, 1981b).
These altributes tend to balance the pres-
sures of small population size which would
otherwise reduce genefic diversity. Popula-
tion structure, as determined by F-statistics,
followed a predictable pattern: differentiation
amang slands = among local populations =
within populatians.

As expected, Nei's genetic distance values
were highest for the between specias com-
parison, D = 0.54. Values for conspecific pop-
ulations of 8. glabrata ranged from 0.00 1o
0.18. Estimates of genetic distances involving
the Dominican Republic and St Lucia popu-
lations hawe bearing on guastions raised by
previous work about the relationships of these
populations to other 8. glabrata, Mulvey & Vri-
jenhoek (1984) studied ten laboratory stocks
of 8. glabrata and found average genetic dis-
tance values for stocks originating from the
Dominican Republic (DR) and 5t Lucia
(L-311) to be 0.29 and 0.21, respectively from
other stocks of B. glatrata, These values are
quite high for conspecific comparisons and are
more often reported for comparisons of con-
generic species. The laboratory stocks previ-
cusly examined had, however, been isolated
many generations and may have undergone
genetic divergence reflecting one ar more
founder events and/or genatic drift or selection
associated with maintenance under artificial
laboratory conditions. Snails collected in the
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TABLE 3, F-statistics for six West Indian populations of Biomphalaris glabrata based on 13 polymorphic

leci,

Locus Fee Fie Fe
Egt-2 0058 0.Gas D881
Gap 0,200 0234 0.043
G::rr-! 0014 0.002 0.011
il - 1.00 1.00
Lah 0231 —0.032 D61
Lag —0.038 0005 0.029
Mah-1 —0074 -0z D.011
Me D114 0154 0045
M —0.033 ~0.005 0.02g
Pad 0.361 (.87 0962
Eirr-1 0344 0.724 0.574
Pam-2 0646 0651 0013
Xelh 0014 —0.004 0003
Mesn 0471 0.838 0.805

TABLE 4. Genetic distance values (Nei, 1978) for six populations of B, glabrata and one population of &

havanensis.

B [ D E F G
B. glabrata
A Dominican Reputilic 0,002 0003 0164 0,143 0142 0532
B. Dominican Republic - 0,000 D174 0134 0.132 0.547
C. Puaro Rico 0180 0139 0.138 0.554
0. Guadeloupe - 0091 0n.093 0468
E. 5t Lucia - 0.002 0.580
F. 5L Lucia (0.555
B. havensasis
G, Dominican Bepublic it

figld from the Dominican Republic and 51, Lu-
cia and compared with M stock snails had
genetic distance values of 017 and 016, re-
spectively. Field samples thus showed lower
levels of genetic differentiation. The DR stock
apparently deriveed from collections made from
ponds at the Botanical Gardens in Sanfo Do-
mingo. The Cuisquisya and Piedra Blanca
sites are approximately 135 and 150 km re-
spactively, from Sanmto Domingo, therefore,
these samples may not e directly comparable
to the DR stock. Among the collections of B,
glabrata from four islands the genetic distance
values were all less than or equal 10 0.20; such
values are similar to those obtained for con-
specific populations of mammals, rodents and
maolluscs [Mewva, 1978),
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Appendix A Allele frequencies in West Indian populations of B glalvata and 8 havenensis.
designates cathodal migration.
Locus/Allele Population®
A B C [ E F G
Aconitasae-2
1o 1.00 1.00 1.00 1.00 1.00 1.00
130 1.00
Alkaling Phosphalase
a0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Aspanate aming ranslerase-1
T 1.00 1.00 1.00 1.00 1.00 1.00 0.95
167 0.05
Azparate aming lranslerase-2
e 1.00 1.04 1.000 1.00 1.00 1.00 1.00
Esteraso-2
50 1.00 1.00 1.00 003
a0 1.00
o0 .85 0.83 1.00
160 0.02 017
Glyceraidahyoe-3-phosphale defvdrogenase
118 0.07 .04
i 1.00
o0 1.00 0493 0.95 1.00 1.00 1.00
a-Glycarophosphate dehydrogenase
il 0.05
100 1.00 1.04 1.00 1.00 1.00 1.00 0.95
Hemoglobin
00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Isocifrate dehydrogenase
o0 1.00 1.00
114 1.00 1.00 1.00
Mull 1.00 1.00
Laclate defivdrogensase
100 1.00 1.00 1.00 1.00 081 1.00 1.00
86 0.19
Levcing aming peptidase
o 0.a7 1.00 1.00a 1.00 1.00 1.00 1.00
a5 0.03
Malate defvidronenase-1
235 1.00
o0 0.99 1.00 1.00 1.00 1.00 1.00
22 .01
Malate dehvdrogenase-2
— {0 1.00 1.00 1.00 1.00 1.00 1.00
115 1.00
Malic enzyme
58 0.02 0.0g 0.08
100 0.98 0.1 0.54 1.00 1.00 1.00
i=z 1.00
Mannose-g-phosphale somerase
100 1.00 1.00 1.00 1.00 1.00 1.00
iam 1.00
Nucleoside phosphondase
o 1.00 1.00 1.00 1.00 0.97 1.00 1.00
117 0.03
g-Phosphogluconate dehvdrogenase
gz 1.00 1.00 094
o 0.08 1.00 1.00 1.00
283 0.97

nr 0,03
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Appendix A continued
Locus/Allele Fopulation®
& & c Cr E F G
Phosphogivcomulase-1
82 0.7 0.32 .08 0.0z 0.0z 0.95 0.99
100 0.89 0.65 (.88 0.48 0.93 0.0z 0.01
106 0.04 0.04
Phosphoglucomulase-2
a0 1.00 1.00 1.00 1.00 098 099
2249 001 0.04
200 094
187 0.0z
133 0.0z
Phosphogiucoss Iscmerase
100 1.0 1.00 1.00 1.00 1.00 1.00] 1.00
Xamthing defydrogenase
ToQ 0.0z .01
&gz 1.00 0.95 0.99 1.0 1.00 1.00 1.00

“Eramphalana glabrata [A-F) A = Quisquisys, DR B = Piedea Blanca, DR; C - Malpica, PR; D = Gaosier, Guadeloupe:
E = Braom, St Lucia; F = Amere, S0 Lucia) Biomphalang havenensis, G

La Cambiz, DRA.




