
Abstract.-Allozymes were used
to examine spatial and temporal com
ponents of genetic variation among
populations of queen conch in the
Florida Keys and Bimini over a 4
year period. Spatial and temporal
genetic variation were both signifi
cant (P<0.001) despite high levels of
genetic similarity among samples
(mean Nei's I, 0.994). However, no
consistent pattern of variation was
observed. The gene diversity among
localities (GLT 0.50%) did not differ
significantly (P>0.05) from the diver
sity among years or samples within
localities (GSL 0.60%). In addition,
Florida Keys and Bimini populations
were very similar genetically to
those studied previously in the Carib
bean Sea and Bermuda (mean Nei's
I, 0.988). In general, populations of
queen conch appear to be structured
as a mosaic of spatial and temporal
genetic patchiness within a continu
um of high genetic similarity. This
genetic similarity is presumably main
tained by larval drift and gene flow.
However, the observed patterns of
genetic variation suggest a dynamic
population structure. This structure
may reflect presettlement stochastic
events and processes in the marine
environment.
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The queen conch Strombus gigas is a
large marine gastropod of significant
economic importance to the Carib
bean Sea area (reviewed by Berg and
Olsen 1989). The native range of the
species extends from south Florida
to Venezuela and eastward from
Central America to the Bahama and
West Indies Islands. An isolated
population also inhabits the coastal
waters of Bermuda. The species has
been heavily exploited in commercial,
recreational, and subsistance fisher
ies throughout its geographic range.
Many populations are considered
depleted or overfi$.ed.

The life history of queen conch sug
gests the potential for extensive gene
flow through larval dispersal (Schel
tema 1971, 1986). Laboratory studies
indicate that larvae maintain the
planktonic stage for 12-35 days (x
21 days) before settling and meta-
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morphosis (Ballantine and Apple
doom 1983, Davis and Hesse 1983).
Larvae entrained in swift, Caribbean
currents (1-3 kmlh) could thus be
transported significant distances
(Kinder et al. 1985). However, disper
sal and recruitment patterns of S.
gigas during the planktonic stage are
largely unknown. Effective manage
ment and rehabilitation of the spe
cies throughout its geographic range
necessitate an understanding of pop
ulation structure, patterns of gene
flow, and genetic relationships.

In a recent allozyme study, Mitton
et al. (1989) found a high level of
genetic similarity among populations
of queen conch from eight localities
throughout the Caribbean Sea. How
ever, significant spatial heterogen
eity in allele frequencies indicated
that the sampled populations were
not totally panmictic. In addition,
allele frequencies for the geograph
ically disjunct population of Bermuda
were distinctive at one locus.
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In the study described here, allozymes were used to
examine the genetic structure of queen conch popula
tions in the Florida Keys and Bimini. We collected
conch from the same localities in multiple years to com
pare spatial and temporal components of genetic varia
tion. Testing the relative significance of those two com
ponents was a major objective of our study.

Materials and methods

Sampled populations

Queen conch were collected between 1987 and 1990
from four localities in the Florida Keys and from
Bimini, a linear distance of approximately 350 km
(Table 1, Fig. 1). Samples of conch were obtained in
multiple years from Ballast Key, Coffins Patch, and
Craig Key. Single samples were obtained from Key Bis
cayne and Bimini. All animals were collected by scuba
diving or snorkeling.

The shell length, or major axis, of each conch was
measured with calipers to the nearest mm. Based on
size distributions, the Coffins Patch population (or ag
gregation) appeared to be a single year-class or cohort
that we sampled in three consecutive years (Table 1).
All other populations represented mixtures of year
classes with new recruits added each year.

Tissues

Conch collected in 1987 (three samples) were processed
according to the methods of Mitton et al. (1989): Only
the distal tip of the digestive gland, including gonad

Figure 1
Localities from which queen conch
Strombus gigas were collected. For
the study described here. conch were
collected from (1) Ballast Key, (2) Cof
fins Patch, (3) Craig Key, (4) Key Bis
cayne, and (5) Bimini. Localities 6-14
are from Mitton et al, (1989): (6) Ber
muda, 1 site; (7) Turks and Caicos
Islands, 4 sites; (8) St. Kitts, 2 sites;
(9) Nevis, 1 site; (10) St. Lucia, 2 sites;
(11) Bequia, 1 site; (12) Barbados, 1
site: (13) Grenadines, 3 sites; and
(14) Belize, 2 samples, 1 each of the
normal and melanic forms.

and associated connective tissue, was retained for en
zyme extraction. We were not able to resolve some of
the enzymes or presumptive loci reported by Mitton
et al. (1989) but were able to resolve some enzymes and
loci not examined previously. Consequently, from each
of 12 conch collected from Ballast Key in February,
1988 (Table 1), we dissected six tissues for further
screening of enzymes and loci: (1) foot muscle, (2)
proboscis with radula, (3) eyes and eyestalks, (4)
crystalline style, (5) mantle tissue, and (6) distal tip of
the digestive gland (Little 1965). Thirty-eight enzymes

Table 1
Means ± standard errors (SE) and ranges of shell length for
samples of queen conch Stromlrus gigas collected from four
localities in the Florida Keys and Bimini, 1987-90.

Length (mm)

Locality Year N Mean ± SE Range

Ballast Key 1987 56 167 ± 6.2 96-241
1988" 12 125 ± 5.6 91-157
1988b 30 135 ± 4.2 69-167

Coffins Patch 1988 100 58 ± 0.4 46-71
1989 102 98 ± 0.6 87-112
1990 100 142 ± 0.9 117-170

Craig Key 1987 105 177 ± 2.5 127-267
1989 71 225 ± 3.5 137-257
1990 92 187 ± 3.5 125-252

Key Biscayne 1987 79 155 ± 3.5 99-216

Bimini 1989 96 194 ± 2.0 127-236

"February collection.
b April collection.

a 100
I I

km

At/antic Ocean

o 1000
I I

km
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Table 2
Enzymes and loci resolved in queen conch Strombus gigas. Tissues are digestive
gland (D), foot muscle (F), and proboscis (P).

a AC: 0.04 M citric acid adjusted to pH 7.5 with N-(3-aminopropyl) morpholine (Clayton
and Tretiak 1972); TBE: Tris-borate-EDTA, pH 8.6 (Boyer et al. 1963); TC: TC buffer
of Siciliano and Shaw 1976; TLBC-1: LiOH buffer of Ridgway et al. (1970); TLBC-2:
LiOH buffer of Selander et al. (1971).

bEnzymes and loci assayed also by Mitton et al. (1989).

tioned into hierarchical components representing
temporal and spatial components of genetic variation
within and among localities, respectively (e.g., Smouse
and Ward 1978). An approximateF-ratio was then con
structed as (G among localitiesJdf)/(G among years
within localitiesJdf) to test whether the genetic hetero
geneity among localities was significantly greater than
the heterogeneity among years within localities. The
total gene diversity (Nei 1973) was similarly partitioned
into within- and among-locality components following
the algorithm of Chakraborty et al. (1982). In all tests
of statistical significance, significance probabilities
were adjusted for the number of tests (loci) evaluated
simultaneously (Rice 1989).

Nei's (1972) index of gene identity was calculated be
tween all population samples. The genetic similarities
among all populations, including those sampled by Mit
ton et al. (1989), were represented graphically in a
UPGMA dendrogram (Sneath and Sokal 1973). The
1987 sample from Ballast Key was excluded from these
latter analyses because of small sample size (n 12).

Statistics

Genotypic proportions at each locus were tested for
goodness-of-fit to Hardy-Weinberg expectations using
the likelihood-ratio test or G-statistic (Sokal and Rohlf
1981). Allele frequencies at each locus were tested for
homogeneity among samples by contingency table
(samples x alleles) G-tests (Sokal and Rohlf 1981). This
total G-statistic, or likelihood ratio, was then parti-

Optimum
Locus Tissue buffer"

AAT-l* D,P TC
AAT-2* F,P TC

ARGK* F TC

bDPEP-l* D,F,P TLBC-2,TC
DPEP-2* D,F,P TLBC-1
DPEP-a* D,.F,P TLBC-1

G6PDH* D TLBC-2

GP/* D,F,P TC

IDHP-l* D,F,P AC
IDHP-2* D,F,P AC

MDH-l* F,P AC
bMDH-2* D,P AC

ODH* F,P TLBC-1

bPGM-l* D,F,P TC
bPGM-2* D,F,P TC
PGM-9* F TC

bpGDH* F,P AC

TPEP-l* D,F,P TLBC-1
TPEP-2* D,F,P TLBC-1

Enzyme
number

2.7.3.3

3.4.13.11

1.5.1.11

5.4.2.2

2.6.1.1

1.1.1.44

3.4.11.4

1.1.1.49

5.3.1.9

1.1.1.42

1.1.1.37Malate dehydrogenaseb

Glucose-6-phosphate dehydrogenase

Glucose-6-phosphate isomerase

Isocitrate dehydrogenase (NADP+)

Argenine kinase

Dipeptidaseb

(substrates: Leu-Ala, Leu-Tyr)

Octopine dehydrogenase

Phosphoglucomutaseb

Aspartate aminotransferase

Enzyme

Phosphogluconate dehydrogenaseb

Tripeptide aminopeptidase
(substrate: Leu-Gly-Gly)

Electrophoresis

Allozymes were detected by hori
zontal starch-gel electrophore
sis following the procedures of
Aebersold et al. (1987). Enzymes
were extracted by homogenizing
each tissue separately in 0.5-1.0
volumes of 0.05M PIPES, 0.05%
Triton X-lOa, and 0.2mM pyri
doxal-5'-phosphate (adjusted to
pH 6.8 with 1.0M NaOH). Gels
were prepared with a 12.5% mix
ture (wt:vol) of Connaught starch
(Fisher Sci. Co.) and one of five
buffer solutions (Table 2). Histo-
chemical staining of gels followed
standard procedures (Morizot and Schmidt 1990). Gels
were stained by agar overlay for all enzymes except
AAT.

Presumptive loci and alleles were designated by the
nomenclature system outlined by Shaklee et al. (1990),
except peptidase loci were identified by their di- or tri
peptide acronyms (DPEP, TPEP). Multiple loci of a
particular enzyme were designated numerically (1,2,
etc.) from fastest to slowest anodic mobility. Alleles of
a particular locus were designated by their relative,
anodic mobilities (most frequent allele = *100).

were assayed in each tissue using
a variety of electrophoresis buffers.

On the basis of the aforemen
tioned analyses, three tissues
were retained from all conch col
lected subsequently in 1988-90:
(1) foot muscl~, (2) proboscis with
radula, and (3) digestive gland
with gonad. The three tissues
were dissected from each individ
ual, placed in separate cryotubes
or plastic bags, and frozen in the
field with liquid nitrogen or dry
ice. All tissues were stored at
-80°C until prepared for en
zyme extraction.
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Table 3
Allele frequencies for samples of queen conch Strombus gigas from the Florida Keys (4 sites) and Bimini. "ND" indicates no data
for that locus.

Key
Ballast Key Coffins Patch Craig Key Biscayne Bimini

Locus Alleles 1987 1988a 1988b 1988 1989 1990 1987 1989 1990 1987 1990

AAT-1* 100 0.713 1.00 0.62 0.723 0.755 0.696 0.663 0.671 0.678 0.648 0.591
120 0.287 0.38 0.277 0.245 0.304 0.338 0.329 0.322 0.352 0.403
190 0.005

AAT-2* 100 ND 1.00 1.00 0.975 0.980 0.955 ND 0.993 0.973 ND 0.973
150 0.025 0.020 0.045 0.007 0.022 0.016
91 0.011

180 0.005

DPEP-l* 100 0.472 0.42 0.57 0.536 0.536 0.460 0.567 0.521 0.522 0.513 0.565
108 0.528 0.58 0.43 0.464 0.464 0.540 0.433 0.479 0.478 0.487 0.435

GPI* 100 0.929 1.00 0.98 1.000 0.990 1.000 0.985 1.000 0.995 0.994 0.995
117 0.071 0.02 0.015 0.005 0.006 0.005

78 0.010

IDH-2* 100 ND 1.00 1.00 1.000 0.975 0.976 1.000 0.979 0.956 1.000 0.978
82 0.025 0.024 0.021 0.044 0.022

MDH-1* 100 ND 1.00 1.00 1.000 0.951 0.960 ND 0.944 0.944 ND 0.982
120 0.049 0.040 0.056 0.056 0.018

MDH-2* 100 0.794 1.00 1.00 1.000 1.000 1.000 0.955 1.000 1.000 1.000 1.000
198 0.206 0.005

ODW 100 ND 1.00 1.00 0.990 0.990 1.000 ND 0.993 0.995 ND 0.995
68 0.005 0.010 0.007 0.005 0.005

194 0.005
PGM-1* 100 0.723 0.83 0.62 0.665 0.706 '0.645 0.737 0.697 0.658 0.709 0.660

111 0.250 0.17 0.38 0.335 0.279 0.350 0.263 0.275 0.342 0.291 0.340
89 0.027 0.015 0.005 0.028

PGDH* 100 ND 0.59 0.63 0.686 0.721 0.695 ND 0.641 0.696 ND 0.681
150 0.41 0.37 0.314 0.279 0.305 0.359 0.293 0.319
200 0.011

a Data for these conch (February collection) were excluded from the statistical analyses because of small sample size.
bApril collection.

Results

Nineteen presumptive loci encoding 11 enzymes were
resolved electrophoretically (Table 2). Ten loci were
polymorphic and were used exclusively in the popula
tion analyses (Table 3).

Florida Keys and Bimini populations

Allele frequencies for samples of queen conch from the
Florida Keys and Bimini were very similar (Table 3).
The gene identity between samples, averaged over the
ten polymorphic loci, ranged from 0.978 to 0.999 and
averaged 0.994 for all pairwise comparisons. Most
alleles were present in all samples, but some rare (P<
0.01) alleles were detected as only one or two hetero
zygotes (e.g., AAT-l*130). An exception to this latter
generalization was the presence of the MDH-2*138

allele at a frequency of 0.206 (35 *100/100, 11 *100/138,
and 5 *138/138) among 51 scored individuals collected
from Ballast Key in 1987. Only one heterozygote for
this allele was observed elsewhere during the study.

Genotypes conformed (P>0.05) to Hardy-Weinberg
proportions at all loci except DPEP-l*. At this latter
locus, significant (P<O.Ol) deficits of heterozygotes
were detected in 7 of 10 samples. Overall, 285, 279,
and 244 individuals had the *100/100, *100/108, and
*108/108 genotypes, respectively, at DPEP-1*. This
overall deficit of heterozygotes occurred despite similar
(P>0.05) allele frequencies among samples (Table 3).

Spatial and temporal variation in allele frequencies
accounted for minor but approximately equal amounts
of gene diversity. The total gene diversity (HT) aver
aged 0.202 for the ten polymorphic loci. Of this total,
0.60% and 0.50% were due to temporal and spatial
variation within and among localities, respectively
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Table 4
Hierarchical likelihood-ratio tests (G-statistics) for homogeneity of allele frequencies among samples of queen conch Strombus gigas
from the Florida Keys and Bimini. Degrees of freedom are in parentheses.

Source of variation AAT-1* AAT-~* DPEP-1* GPI* IDH-~* MDH-1*

Total 19.68(18) 20.03(18) 7.84(9) 43.22(18)** 21.09(8)* 24.51(6)**

Among localities 16.26(8) 15.21(9) 2.42(4) 32.66(8)* 9.48(4) 9.57(3)

Within localities 3.42(5) 4.82(4) 5.42(5) 10.57(5) 11.61(4) 14.95(3)*
Ballast Key 1.62(1) 1.38(1) 2.81(1)
Coffins Patch 1.71(2) 2.37(2) 3.04(2) 4.36(2) 4.41(2) 14.94(2)**
Craig Key 0.09(2) 2.45(2) 1.00(2) 3.40(2) 7.20(2) 0.01(1)

(Approx. F -ratio") 2.97(8,5) 1.40(9,4) 0.56(4,5) 1.93(8,5) 0.82(4,4) 0.64(3,3)

Source of variation MDH-~* ODH* PGM-1* PGDH* Total

Total 116.83(9)*** 7.03(12) 34.13(18) 10.97(12) 305.33(128)***

Among localities 95.42(4)*** 2.02(6) 8.79(8) 6.65(6) 198.48(60)***

Within localities 21.41(3)* ** 5.00(5) 25.34(10)* 4.32(4) 106.86(48)***
Ballast Key 19.54(1)*** 5.49(2) 30.84(6)***
Coffins Patch 4.97(4) 6.58(4) 0.61(2) 42.99(22)**
Craig Key 1.87(2) 0.03(1) 13.27(4) 3.71(2) 33.03(20)*

(Approx. F-ratio") 3.34(4,3) 0.37(6,5) 0.43(8,10) 1.03(6,4) 1.49(60,48)

"Approximate F-ratio = (G among localities/df)/(G within localities/df).
*P<0.05; **P<O.Ol; ***P<O.OOl; after adjustment for number of tests (Rice 1989).

(GSL 0.0060, GLT 0.0050). The remaining 98.9% (Hs I
HT) was due to within-sample heterozygosity.

Allele-frequency heterogeneity among samples was
significant (P<0.05) at several loci and was due to both
spatial and temporal components of variation (Table
4). Temporal variation at Ballast Key (P<0.001) and
Coffins Patch (P<0.01) was due primarily to variation
at MDH-2* and MDH-1*, respectively. On the other
hand, the heterogeneity among years at Craig Key
(P<0.05) was due primarily to the cumulative effects
of variation at IDH-2* and PGM-l*. Significant allele
frequency variation also existed among localities, but
this latter variation did not exceed the temporal varia
tion within localities as measured by F -ratio com
parisons (P>0.05) at each locus.

Comparisons with Caribbean Sea
and Bermuda populations

Allele frequencies at DPEP-1*, MDH-2*, PGM-l* , and
PGDH* for the Florida Keys and Bimini populations
of S. gigas can be compared directly with those for
populations sampled by Mitton et al. (1989). In that
previous study, queen conch were collected from 16
sampling sites representing eight major localities
throughout the Caribbean Sea area (Fig. 1). In addi
tion, conch were collected from one site in Bermuda.

Patterns of genetic variation among populations in
the Caribbean Sea and Bermuda were similar to those

for populations in the Florida Keys and Bimini (Table
5). Total gene diversities (HT) for the two groups of
populations were essentially equal (0.355 and 0.354,
respectively). However, the diversity within and among
localities was somewhat greater for Caribbean Sea and
Bermuda populations (~T 1.69%, GSL 1.14%) than for
populations from the Florida Keys and Bimini (GLT
0.39%, GSL 0.68%). This latter result might be ex
pected considering the relative geographic scales over
which populations were sampled in the two studies
(Fig. 1). In this context, summing GLT and GSL for
Florida Keys and Bimini populations yields a percent
age of gEme diversity (1.07%) that is approximately
equal to GSL (sites within localities) for the Caribbean
Sea and Bermuda populations (1.14%).

A dendrogram based on Nei's index of gene identity
clearly reflected the high genetic similarity among
populations ofS. gigas (Fig. 2). The average gene iden
tity (based on the four aforementioned loci) among
populations sampled by Mitton et al. (1989) was 0.984,
among those sampled here was 0.993, and between
populations (samples) of the two studies was 0.988.
Twenty-three of these populations clustered together
at the 0.99 level or above. The Bermuda population and
the 1987 Ballast Key population (sample) formed a
separate subcluster, due primarily to divergent allele
frequencies atMDH-2*. The Vieux Fort (St. Lucia) and
Six Hill Cay (Turks and Caicos Islands) populations also
clustered separately, due primarily to slightly divergent
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Bermuda

Ballast Key 1987

Vieux Fort
Sf. Lucia

23 population
samples

I
1.0

Gene Identity

Six Hill Cay
L..- Turks and Caicos

I
0.95

Populations HT GLT GSL Hs/~

Florida Keys
and Bimini 0.354 0.39 0.68 98.94

Caribbean Sea
and Bermuda 0.355 1.69 1.14 97.17

All populations 0.354 1.24 1.01 97.75

Gene diversity (%)

Figure 2
UPGMA dendrogram of genetic similarities among popula
tion samples of queen conch St:rombus gigas based on allele
frequencies at DPEP-l* ,MDH-B*, PGDH*, and PGM-l*,
and Nei's (1972) index of genetic identity.

Table 5
Percentages of total gene diversity (HT ) among localities
(GLT ), among samples and sites within localities (GSL )' and
within samples and sites (Hs/HT ) for populations of queen
conch Strombus gigas from the Florida Keys and Bimini (this
study) and from the Caribbean Sea and Bermuda (Mitton et
al. 1989). Data represent the means for DPEP-l*, MDH-B*,
PGM-l*, PGDH*.

allele frequencies atPGDH* and DPEP-l*, respective
ly (Mitton et al. 1989).

In summary, populations of S. gigas are very similar
genetically and do not appear to be structured geo
graphically. However, those populations cannot be con
sidered totally panmictic.

Discussion

Population structure

Benthic marine invertebrates with planktonic larvae
often exhibit spatial and temporal genetic variation
similar to that described here for S. gigas. For exam
ple, Watts et al. (1990) found significant allele-fre
quency variation among three populations of sea urchin
Echinometra mathaei separated by only 4km. More
over, that heterogeneity over a 4km distance was ap
proximately equal to the genetic heterogeneity among
populations separated by over 1300km. Those inves
tigators also detected significant allele-frequency varia
tion among year-classes within each of the three micro
spatial sample sites. Similar patterns of heterogene
ity were reported for the limpet Siphonaria jeanae
(Johnson and Black 1982, 1984ab) and seastar Acan
thaster planei (Nash et al. 1988, Nishida and Lucas
1988).

Significant microspatial genetic heterogeneity,
despite high macrospatial genetic similarity, has been
termed "genetic patchiness" (e.g., Johnson and Black
1984b). Such genetic patchiness could be due to either
postsettlement natural selection or genetic hetero
geneity among groups of recruits that are spatially or
temporally separated (Watts et al. 1990). Under both
hypotheses, planktonic dispersal is believed to main-

tain high genetic similarity among populations over
broad geographic areas. However, under postsettle
ment natural selection, one would expect genetic varia
tion among localities to be greater than the temporal
variation within localities because of local adaptation.
Conversely, under the model of presettlement genetic
heterogeneity, spatial and temporal components of
genetic variation are expected to be equal because the
population structure would result from presettlement
events that were independent of the specific localities
at which settlement occurred. Under this latter model,
spatial heterogeneity among localities would simply
reflect the temporal heterogeneity within localities.

Results obtained here for S. gigas are most consis
tent with the presettlement hypothesis of genetic
patchiness. Populations of queen conch throughout
their geographic range are very similar genetically, yet
spatial and temporal components of genetic variation
appear significant and approximately equal. Mitton et
al. (1989) obtained similar results for macrospatial
(among-locality) and microspatial (within-locality) com
ponents of genetic variation. These results suggest a
dynamic population structure in which allele-frequency
heterogeneity may exist among groups of recruits that
settle in different years at the same locality or at dif
ferent localities in the same year. Johnson and Black
(1982, 1984ab) and Watts et al. (1990) reached similar
conclusions regarding genetic patchiness among pop
ulations of limpet. and sea urchin, respectively.

Several mechanisms can be invoked to explain genet
ic patchiness due to presettlement events. Johnson and
Black (1984ab) and Watts et al. (1990) suggest that
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selective mortality prior to settlement, possibly reflect
ing stochastic variation in the marine environment
(e.g., water temperature, salinity), may be responsible
for the "chaotic genetic patchiness" that they observed.
Alternatively, temporal variation in the source of re
cruits for each locality and/or genetic drift resulting
from a finite number of breeders could also generate
random genetic patchiness on both temporal and spatial
scales (e.g., Waples 1989). None of these aforemen
tioned hypotheses can be excluded with the available
data.

The effective number of breeders (Ne) contributing
to a cohort of larvae that settle together at a particular
location is unknown for S. gigas. Males and females
breed in aggregations at characteristic locations over
a 6-9 month period, and each female may produce
several egg masses of approximately 310,000-750,000
eggs each during the breeding season (Robertson 1959,
Randall 1964, Weil and Laughlin 1984, Berg and Olson
1989). Several females within an aggregation may lay
their egg masses simultaneously, and because the rate
of embryonic development is temperature-related,
hordes of larvae are released synchronously. These
larvae can thus be entrained together into the water
column and affected simultaneously by marine and
oceanic processes. Consequently, hordes of larvae from
a finite number of parents could potentially be pre
sented simultaneously to a substrate that would induce
settlement and metamorphosis.

Recently, Bucklin et al. (1989) and Bucklin (1991)
obtained evidence that ocean currents and related
processes (e.g., upwellings, eddies, offshore jets) can
spatially and temporally maintain genetically discrete
cohorts of zooplankton in the marine environment. For
example, Bucklin et al. (1989) concluded that such pro
cesses "prevented homogenization of the plankton
assemblages during transport" and that "plankton
populations in complex flow fields may show patchiness
in biological, biochemical, and/or genetic character at
small time/space scales." Their results suggest that
similar processes could affect significantly the distribu
tion of pelagic larvae following their release into the
water column.

The source of S. gigas recruits for the Florida Keys
is unknown. The Florida Current, which sweeps east
ward past the Florida Keys and subsequently forms the
Gulf Stream, is created by the massive flow of warm
water northward from the Caribbean Sea through the
Yucatan Channel. This current could entrain large
numbers of larvae from numerous locations prior to
flowing eastward past the Florida Keys (Mitton et al.
1989). Stochastic variations in water currents, surface
winds, and meteorological events (e.g., tropical storms)
could thus affect significantly the source of S. gigas
recruits for any particular locality. During the course
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of our study, we attempted to gain permission to col
lect conch from Cuba and Yucatan, Mexico-two pos
sible sources of recruits for the Florida Keys-but were
unable to do so.

One potential shortcoming of our study was that the
temporal effects of recruitment were confounded with
other population processes; that is, temporal genetic
variation was measured among mixed aggregations of
conch sampled in different years at the same locality
and not among separate year-classes or cohorts. With
the exception of the Coffins Patch population or ag
gregation (see below), all samples consisted of mixed
age- and size-classes with new recruits added each year.
In addition, some of the temporal genetic variation may
have been due to migration of juveniles and adults into
and out of the study areas (Hesse 1979, Weil and
Laughlin 1984, Stoner et al. 1988, Stoner 1989). Con
sequently, we cannot separate the temporal effects of
recruitment from other population processes. How
ever, our goal was not to estimate temporal genetic
variation among cohorts or year-classes per se, but
rather to provide a measure of within-population (Le.,
within-locality) variation by which the significance of
genetic variation among localities could be evaluated.
Population processes causing temporal genetic varia
tion within localities would similarly affect the genetic
variation among localities. Some measure of temporal
variation was thus needed before the microevolutionary
significance of genetic variation among localities could
be ascertained. Alternatively, some form of stratified
sampling of year- and/or size-classes would be required
to separate recruitment or year-class effects from other
potential sources of temporal genetic variation.

Possible evidence that recruitment, migration, or
similar population processes may significantly affect
the population structure of S. gigas was the presence
of the MDH-2*(138) allele at a frequency of 0.206 in the
1987 sample from Ballast Key but the near absence of
this allele in the 1988 sample and elsewhere during our
study. Mitton et al. (1989) similarly reported, for the
Bermuda population, a frequency of 0.30 for a "fast"
MDH-2* allele that was also rare elsewhere. However,
the Bermuda population is believed to be self-sustaining
with little planktonic recruitment from the Gulf Stream
or elsewhere (Mitton et al. 1989). Conversely, Ballast
Key is situated within the Florida Current and is the
most upstream locality from which we collected conch
for the present study. Two distinct aggregations of
S. gigas may have been sampled at Ballast Key in 1987
and 1988, respectively.

Anomalous results

Coffins Patch Size distributions suggest that the Cof
fins Patch population was most likely a single year-class
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or cohort that we sampled in three consecutive years
(1988-90). This population or cohort presumably re
sulted from a large recruitment event during the sum
mer and fall of 1987. We estimated that the 1987 ag
gregation at Coffins Patch consisted of at least 250,000
animals covering an area of approximately 30 hectares
(Berg and Glazer, unpubl.).

Although the Coffins Patch aggregation appeared to
be a single cohort, we detected a significant allele
frequency variation among years (1988-90) at MDH-1 *.
This difference was due to the absence of the MDH-1*
(120) allele in the 1988 sample (n 100) versus the pres
ence of eight *100/120 heterozygotes in both the 1989
(n 102) and 1990 (n 100) samples. The 1989 sample also
had one *120/120 homozygote. Sampling error does not
adequately explain those results because the probability
of obtaining all *100/100 homozygotes in the 1988
sample was only (0.9552)100=0.0001 (assuming the
true frequency of the *120 allele was 0.045 [mean of
1989 and 1990 samples] and random mating). Similar
ly, differential mortality among genotypes does not
adequately explain those results unless heterozygotes
were initially very rare and the subsequent mortality
of *100/100 homozygotes was extremely high.

Alternatively, recruitment to the Coffins Patch area
in 1987 may have been from more than one source
population. This could have resulted in an aggregation
that was not distributed randomly. Subsequent mixing
and/or possible immigration of juveniles (e.g., Stoner
1989) could thus explain changes in allele frequencies
between 1988 and 1989. None of these hypotheses can
be excluded with the available data.

Regardless of actual mechanism, the presence of only
one highly abundant year-class at Coffins Patch over
a 3-year period indicates that recruitment to specific
localities in the Florida Keys can be highly variable and
unpredictable. This observation thus supports the in
terpretation that genetic patchiness may simply reflect
stochastic events prior to settlement.

DPEP-' It We observed a consistent deficit of het
erozygotes (with respect to Hardy-Weinberg expecta
tions) at DPEP-1* but not at other loci. Similar deficits
of heterozygotes have been reported often for marine
mollusks (reviewed "by Gaffney et al. 1990). Such
deficits are frequently associated with positive correla
tions between body size and individual heterozygosity.
We also observed a positive correlation between body
size and heterozygosity, but genotypic variation at
DPEP-1* did not contribute to that correlation. These
results will be described in detail elsewhere (Campton
et al. In press).

PGM-Z It One possible point of inconsistency be
tween the study described here and that of Mitton et

al. (1989) concerns data for PGM-2*. Mitton et al. (1989)
presented only limited data for this latter locus (9 of
17 populations), but those investigators consistently
observed a high frequency (0.57-0.69) polymorphism
for a "slow" allele. In contrast, we found PGM-2* to
be fixed for a single allele. Only PGM-1* and PGM-2*
are expressed in digestive gland tissue, which was the
only tissue assayed by Mitton et al (1989). However,
we also scored PGM in foot muscle which clearly re
vealed a third, more cathodal locus (PGM-3*). We also
observed three distinct loci in foot tissue of a second
conch species, S. costatus.

At least three possibilities could thus account for the
apparent difference between our results and those of
Mitton et al. (1989) at PGM-2*: (1) our inability to
resolve the variant electromorph at PGM-2*, (2) the
partial expression of the PGM-3* locus in digestive
gland tissue (e.g., Allendorf et al. 1983) of individuals
sampled by Mitton et al. (1989), thus giving false
readings of heterozygotes at PGM-2*, or (3) the re
ported allele-frequency difference between the two
groups of populations are indeed real. Of the three
possibilities, we believe explanations (1) and (2) are the
most likely because of the high consistency of our allele
frequencies with those of Mitton et al. (1989) at all
other loci. Consequently, we believe that this apparent
discrepancy at PGM-2* most likely reflects laboratory
specific adaptations of basic electrophoretic pro
cedures. In this context, we were able to resolve several
loci not resolved by Mitton et al. (1989) and vice-versa.

Conclusions

The major finding of our study was the existence of
spatial and temporal genetic patchiness among popula
tions of queen conch in the Florida Keys and Bimini.
We suggest that such genetic patchiness most likely
results from presettlement stochastic events and pro
cesses in the marine environment. Nevertheless, these
populations are all very similar genetically, presumably
reflecting high levels of gene flow due to larval drift.
These interpretations are consistent with the results
of Mitton et al. (1989) and also explain similar patterns
of "chaotic genetic patchiness" in other taxa of marine
invertebrates.
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