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Genetic variation was examined in bluehead wrasse,

Thalassoma bifasciatum, populations along the Florida Keys.

Interpretion of mean heterozygosity (H), percent polymorphic

loci per population (P), genetic similarity, and F and G-

statistics demonstrated a clear division of wrasse

populations into "northern" and "southern" groups.

Correlation and cluster analyses indicated the six reefs can

be grouped in a similar fashion based on genetic and

environmental data. The conclusion from this analysis of

wrasse populations in the Florida Keys is that substantial

population subdivision occurs in response to differing

selective pressures created by heterogeneous environments.
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CHAPTER I

INTRODUCTION

Genetic Variation in Marine Fish

The genetic structures of marine fish populations have

been studied in limited regions and for only a few species.

The most information is from Pacific and North Atlantic

Oceans. Tropical reef fish species of the Caribbean and the

Atlantic coast of Florida appear neglected. Most issues

regarding marine fish population structure and predictions

of associated genetic variation are controversial due to

questions of stability and homogeneity in the tropical

marine environment (Barlow, 1981). From existant knowledge,

inferences relating environmental heterogeneity and genetic

heterogeneity may be drawn, but much disagreement exists

(Gyllensten, 1985). For instance, certain marine species

have been assumed to be genetically invariant, resulting

from stabilizing selection in a homogeneous environment,

pooling of planktonic larvae, and limited dispersal

barriers.

Available population genetic studies of marine fish offer

contradictory information on the degree of genetic variation

and subdivision in various species. For example, in the
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Hawaiian Archipelago, Shaklee (1984) indicated a lack of

differentiation in populations of the damselfish, Stegastes

fasciolatus, collected over a distance of 2500 km. Also,

Beckwitt (1983) found no significant differences in samples

of three inshore species off the coast of Southern

California. These results contrast with studies which

revealed subdivision in clupeoids (Daly and Richardson,

1980), New Zealand snappers (Smith et al., 1978), walleye

pollock (Grant and Utter,1980), flatfish (Fairbairn, 1981),

cod (Jamieson, 1975; Cross and Payne, 1978) and salmon

(Stahl, 1981).

Winans (1980), demonstrated variation at four loci in

Hawaiian populations of milkfish, Chanos chanos, over a

distance of 300 km. From the Great Barrier Reef, Australia,

Soule' (see Ehrlich, 1975) revealed variation in only one of

five species of damselfish. A Japanese anemonefish,

Amphiprion clarkii, exhibited significant differences at

several loci in over 35% of the between-locality statistical

tests (Bell et al., 1982). Preliminary investigations of

tropical reef fish and a variety of other marine forms

suggest that a high degree of genetic variation exists in

these species, as well (Somero and Soule, 1974).

Thus, information on genetic variation in marine fish is

not consistent with predictions that environmentally

homogeneous marine environments select for low levels of

intra- and interpopulation genetic variation. This lack of
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consistency may result from a misconception that 
marine

environments are homogeneous. A resolution of such

inconsistencies should involve an examination of 
genetic

variation relative to environmental variation. The purpose

of this study was to examine genetic diversity in a coral

reef fish and its relationship to environmental

heterogeneity.

Species to be Investigated

The selection of a species for this study involved

consideration of the following aspects of an organism's

biology: 1) reproductive strategy - spawning seasonality,

dimersal verses pelagic larvae, and outstanding features of

reproduction such as hermaphrodism; 2) habitat -

availability over a large region, relative isolation of

populations in discontinuous habitats, and sampling

logistics; and 3) population biology - migratory or

territorial and methods of recruitment.

An ideal species for such a study is the bluehead wrasse,

Thalassoma bifasciatum. It is an extensively-studied reef

fish that is hermaphroditic, has pelagic larval dispersal,

as do many reef fish, and restricts its movements to a

single reef. T. bifasciatum spawns year-round either in

pairs or polyandrous groups consisting of one female and

several males. Mating occurs, as a rule, on the downcurrent

end of a reef, where gametes are released and swept away

from potential reef benthos predation. Pelagic larvae are

. -- - - 11 -- -1 1-''- - I - -111, Ill bbliffismaimmkoffimlRb RMNOMMAMaki I -
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sporadically recruited onto reefs (Victor, 1983), 
where they

settle and remain throughout their life. It has been shown

that larvae have habitat preferences and settle 
into

specific environmental conditions (Anderson et al., 
1981).

Thus, planktonic larvae segregate into subpopulations 
on

distinct reefs (Warner and Hoffman, 1980a), with each

resulting population representing fish adapted to the 
same

local environment. These subpopulations are isolated

effectively due to the lack of migration between reefs

(Warner and Hoffman, 1980b) and hence, represent effective

populations.

In light of the larval biology of T. bifasciatum, the

interaction of three dynamic processes could be proposed to

explain genetic subdivision in this species; selective

colonization of pelagic larvae, non-random survivorship of

colonizers, and spatial/temporal separation of lifestages.

Selective colonization of pelagic larvae - The survival

of larvae marks the beginning of subdivision of a mixed

planktonic larvae pool. During the pelagic larval phase,

natural selection eliminates individuals who are not adapted

to specific environmental conditions during the colonization

event. This action may result in mortality or may be a

factor in the choice of settlement site by larvae.

Preferential habitat selection by larvae has been suggested

by Sale (1971) and Anderson et al. (1981). Sale (1971)

postulated that preference for a particular habitat may 
be

. - -- - - -- -- I . I - .-, -- I , "Ut, -
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determined genetically, the population being polymorphic for

these traits.

Non-random survivorship of colonizers - Individual

larvae, once settled, must survive pressures acting in a

non-random fashion, including aggression and predation by

the resident individuals (Anderson et al., 1981).

Spatial and temporal separation of lifestacges - Shapiro

(1983) hypothesized both temporal and spatial separation for

pelagic spawners. Beginning with individual discrete

spawning episodes, larvae are launched into the pelagic

phase as separate groups referred to as "patches".

Planktonic patchiness (Hewitt, 1981, as interpreted by Avise

and Shapiro, 1986) followed by sporadic bursts of recruit

settlement onto a reef (Victor, 1983) would further create a

segregation of larvae. Ehrlich (1975) suggested that the

recirculation of currents would reconstitute larval

populations, thereby preventing depletion of upcurrent

habitat. In effect, this reconstitution results in fish

being returned to the same reef from which they were

spawned, creating subdivision of reefs.

Compounding these three general life history phenomena of

T. bifasciatum is localized variability of a reef

environment resulting in the potential for different

selective factors structuring the genome of a population.

Such factors as tidal range (tide cycle and difference

between high and low tides), discontinuity of reefs, effects
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of oceanic currents on water temperature, turbidity,

salinity, and general water quality, and alteration of reef

environments by local islands.

Hypothesis

The null hypothesis for this research is that T.

bifasciatum exhibits no population subdivision as a result

of environmental homogeneity of its reef habitat. Rejection

of this hypothesis would result if 1) interpopulation

genetic variability occurs in this species, 2) environmental

heterogeneity exists among the reefs it inhabits, and 3)

there is a correlation between genetic subdivision and

environmental heterogeneity.

'qqv 1 1 -%--N , -JL.-Mw



CHAPTER II

MATERIALS AND METHODS

The coral reefs which comprise the Florida Keys are, for

the most part continuous; however, some patch areas do

occur. Thalassoma bifasciatum were collected at six

distinct reef localities along the Florida Keys. Sites,

north to south, with sample sizes and distances between

reefs were as follows: Pickles Reef, n = 32 (6 km); Conch

Reef, n = 32 (20 km); Alligator Reef, n = 32 (20 km);

Tennessee Reef, n = 38 (36 km); Sombrero Reef, n = 37 (60

km); Maryland Shoals, n = 37 (Figure 1). Topographical

information including depths and distances between reefs was

collected from nautical charts (series # 11451, National

Oceanographic and Atmospheric Administration).

Fish were collected by netting and shipped live to the

University of North Texas, Denton, Texas from Miami,

Florida. Samples were immediately frozen and stored at -

900 C. Muscle and liver tissues were extracted and

homogenized with equal volumes of buffer (0.1 M Tris-HCl, pH

8.0). Samples were centrifuged for 10 minutes at 8,000 rpm.

Supernatants were stored in a freezer at -150 C until used

for horizontal starch gel electrophoresis.

7
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Two buffer systems were used: Ridgeway System (gel

buffer: 0.299 M Tris-HCl, 0.05 M citric acid, pH 8.0;

electrode buffer: 0.210 M LiOH, 0.599 M boric acid, pH 8.5)

and the MDH System, malate dehydrogenase (gel buffer: 0.008

M Tris-HCI, 0.003 M citric acid, pH 6.7; electrode buffer:

0.223 M Tris-HCI, 0.086 M citric acid, pH 6.3) (Selander et

al., 1971). Gels were made using a 12% concentration of

hydrolysed starch (Sigma Chemical Co., St. Louis, Mo. and

Electrostarch, 2:1). Buffer was heated in a 1000-ml

Erlenmeyer flask and allowed to come to a boil. Starch,

suspended in buffer, was added to the vigorously boiling

buffer. The mixture was shaken and aspirated, and the

liquid gel was poured into a mold and allowed to cool and

solidify. Gel molds consisted of a glass plate (152 mm x

220 mm x 6 mm) and four acrylic strips, two (6 mm x 19 mm x

220 mm) and two (6 mm x 19 mm x 114 mm), held in place by

metal clamps. After gels solidified (approximately 1 - 2

hours), clamps and acrylic strips were removed. The gel was

then cut along one of the longer sides 2.0 cm from the edge.

This piece was temporarily separated while samples were

inserted along the exposed gel surface. Supernatants of

fish tissues were defrosted and absorbed onto Whetman No. 3

filter paper wicks (2 mm x 12 mm). Wicks were blotted and

placed directly onto the cut gel edge 2 - 3 mm apart. A

final wick with dye was placed at the end of the gel to

serve as a marker during electrophoresis. The cut piece of
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the gel was then returned to its original position and

pressed firmly into place to assure a continuous passage of

electric current. Plastic wrap was used to cover the gel

surface during electrophoresis. Approximately 2 cm of the

gel was left exposed along the edges to allow for contact

with the bridges from the electrode chambers.

Electrophoretic apparatus consisted of two electrode

chambers (trays 180 mm x 80 mm x 30 mm), each containing a

No. 22 platinum wire 130 mm in length, and filled with tray

buffer solution. Gels were placed across the tray edges and

bridges were placed from the electrode solution within the

chamber to the uncovered edge of the gel. An acrylic plate

was placed on top of the gel and bridges to secure contact.

Electrical power was supplied by either Gelman Model 138206

or Heathkit 1p17 H. V. Power supplies. Electrophoresis was

run at 40 - 100C.

Following electrophoresis, isozyme patterns were

visualized using standard histochemical techniques (Selander

et al., 1971). Gels were fixed in a solution of methanol,

distilled water, and acetic acid, 5:5:1, respectively.

Alleles were designated alphabetically in order of

decreasing mobility. For example, when coding for a

monomeric locus with two alleles, the allele with the

greatest mobility was assigned the letter A, and the slower

allele was designated B. Proteins encoded by 22 loci were

examined as follows: esterases (Est-1, Est-2, Est-3, Est-
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4), malate dehydrogenase (MDH-1, MDH-2), phosphoglucomutase

(PGM-1, PGM-2), isocitrate dehydrogenase (IDH-1, IDH-2),

phosphoglucose isomerase (PGI-1, PGI-2), peptidases (glycyl-

L-leucine, GLL-1, valyl-L-leucine, VLL-1, leucyl-L-alanine,

LLA-1), a-glycerophosphate dehydrogenase (aGPD-1), lactate

dehydrogenase (LDH-1, LDH-2), 6-phosphogluconate

dehydrogenase (6PGD-1), and malic enzyme (ME-1, ME-2).

Gene data were analyzed for inter- and intrapopulation

variation. The genetic structure parameters calculated from

gene frequencies were H (proportion of loci heterozygous in

the average individual) and P (proportion of polymorphic

loci per population). The F-statistics of Wright (1965)

were calculated, including FST (interpopulation

heterogeneity), FI (reduction in heterozygosity due to

inbreeding), and FIT (reduction in heterozygosity due to

nonrandom mating and to subdivision itself) (Hartl, 1980).

Spatial heterogeneity in allelic frequencies was assessed by

chi-square tests of heterogeneity, and agreement of zygotic

frequencies to a Hardy-Weinberg distribution was determined

using chi-square tests with Levene's (1953) correction for

small sample size and pooling. Dendrograms depicting

overall relationships between reef populations were obtained

using Rogers' (1972) coefficient of genetic similarity

calculated for pairwise combinations of populations. A

hierarchial analysis of gene diversity, (Wright, 1965, Nei,

1977) was used to partition the proportions of gene variance

&,%Wmwg
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(GHT) attributable to within sample component (GPT) and a

between habitat component (GPH).

Several ecological and physical properties of the reefs

were obtained from the literature to characterize the

individual reefs where fish were collected. Topographical

information was examined directly from National Atmospheric

and Oceanographic Administration nautical charts.

Ecological characterization was based upon information from

U.S. Fish and Wildlife data (Schumer and Drew, 1982). Often

data were limited to observations that were not summarized

specifically, therefore each reef was assigned a nominal

value for those parameters. For example, the continuity of

islands associated with reef habitats was a qualitative

assessnment where values of 1, 2, and 3 were assigned for

continuous, moderately isolated or broken island chian,

respectively. Similarly nominal values were assigned for

various conditions of currents, water quality, and

temperature variation. However, data for mean tidal range,

salinity, and reef area were available, and these were used

directly.

To determine which of the various reef characteristics

were most highly correlated with genetic parameters of the

populations (population heterozygosity, polymorphism, and

Fig) PROC CORR procedure of SAS was used. The genetic

parameters are not continuous characters, and these were

arcsin transformed for statistical analyses. A similarity
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matrix based on ecological and physical parameters of the

reefs was generated from NT-SYS (Rohlf et al., 1974) and was

used to generate a dendrogram of clusters of similar reefs.

Significance of results from all analyses was tested at the

a = 0.05 probability level.

"ThMkAlhNINb- Aww , AffigL ihl - "AM906,



CHAPTER III

RESULTS

Twenty-two loci were examined for Thalassoma bifasciatum.

Fifteen loci were monomorphic or exhibited a rare allele

only, including PGI-2, Est-1, Est-4, MDH-2, MDH-3, GLL-1,

V1l-1, LLA-1, aGPD-1, LDH-1, LDH-2, 6-PGD-1, MEN-1, MEN-2

and PGM-1. Of the variable loci (Table 1), Est-3, MDH-1,

IDH-1, IDH-2 each had two alleles, while Est-2, PGM-2 and

PGI-1 had three alleles. For all loci, excepting Est-3,

PGM-2 and :DH-2, populations shared the same common allele

at all localities. Pickles Reef (population 1) was the only

population that did not exhibit the slow allele (C) for the

PGM-2 locus, as did Alligator Reef (population 3) for the

fast allele (A) at the PGI-1 locus. The slow allele (C) for

Est-2 was unique to Pickles Reef and Sombrero Reef

(populations 1 and 5, respectively). The IDH-1 locus was

variable (exhibiting two alleles) only at Conch and

Alligator Reefs (populations 2 and 3, respectively). Two

unique alleles were found in populations at Pickles Reef,

Conch Reef, and Alligator Reef (populations 1-3) that were

absent in populations Tennessee Reef, Sombrero Key, and

Maryland Shoals (populations 4-6).

14
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TABLE I

ALLELIC FREQUENCIES IN SIX POPULATIONS

OF BLUEHEAD WRASSE FROM THE FLORIDA KEYS.

POPULATION

LOCI 1 2 3 4 5 6

EST-2
A
B
C

EST-3
A
B

MDH-1
A
B

PGM-2
A
B
C

IDH-1
A
B

IDH-2
A
B

PGI-1
A
B
C

aGPD1
A
B

LDH-1
A

0.032
.935
.032

.468

.532

.048

.952

.419
.581
.0

1.000
.000

.333

.667

.182

.773

.045

1.000
.000

.000

.113

.887

.000

.532

.468

.016

.984

.431

.552

.017

.813

.188

.200

.800

.033

.833

.133

1.000
.000

984

0.047
.953
.000

.516

.484

.033
.967

.542

.438

.021

.958

.042

.250
.750

.000

.938

.063

1.000
.000

1.000

0.066
.934
.000

.395

.605

.197

.803

*889
.069
.042

1.000
.000

.750

.250

1.000
.000
.000

.987
.013

1.000

0.139
.847
.014

.378

.622

.135

.865

.878
.068
.054

1.000
000

.650

.350

1.000
000
000

1.000
.000

1.000

0.083
.917
* 000

.230

.770

*135
.865

.905

.081

.014

1.000
.000

.875
*125

1.000
.000
.000

.986
*014

1.000
I I I I I I
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The only trend in allelic freq encies was at t e IDH-2

locus were the fast allele (A) ma ntained highest frequen

ies in the three lower reef populations, Tennessee Reef,

Sombrero Key, and Maryland Shoals, while the slow allele

(B) consistently had the highest frequencies in the three

upper reef populations, Pickles Reef, Conch Reef, and

Alligator Reef.

Visual examination of allelic frequencies for the six

populations revealed an apparent distinction between the

three northern reefs, Pickles, Conch, and Alligator Reefs,

and the three southern reefs, Tennessee Reef, Sombrero Key,

and Maryland Shoals. For example, at the MDH-1 locus

frequencies of the slow allele (B) are all much higher at

Pickles, Conch, and Alligator Reefs (0.952, 0.984, 0.967,

respectively) than in the other three reefs, Tennessee Reef,

Sombrero Key and Maryland Shoals (0.803, 0.865, 0.865,

respecti vely). In another example, the same separation of

reefs is seen as frequencies of alleles at the PGI-1 locus

are variable only at Pickles, Conch, and Alligator Reefs.

Therefore, for much of the data analyses, lower and upper

reef regions (i.e., lower including Tennessee Reef, Sombrero

Key, and Maryland Shoals; upper used collectively for

Pickles, Conch, and Alligator Reefs) are considered

separately and tested for differences between these groups.
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The average polymorphism (Table 2) in fish from the

northern grouping, constituted by Pickles, Conch and

Alligator Reefs was 31.82% compared with 25.76% in fish from

the southern grouping of Tennessee Reef, Sombrero Key and

Maryland Shoals. Estimates of this measure ranged from a

low of 2.73 in wrasse from Sombrero Reef to a high of 36.36

for those from Conch Reef, with an average for all six reef

populations of 28.79.

TABLE II

PERCENT POLYMORPHISM AND MEAN HETEROZYGOSITY (H) AND
STANDARD ERROR FOR SIX POPULATIONS OF BLUEHEAD WRASSE.

REEF Percentage X H X
Pickles Reef 7.27 0.072 SE 0.033

Conch Reef 36.36 31.82 .064 SE .029 0.066
Alligator Reef 31.82 .063 SE .028

Tennessee Reef 27.27 .052 SE .026
Sombrero Key 22.73 25.76 .054 SE .025 0.51
Maryland Shoals 27.27 .046 SE .024

Mean 28.79 0.059

As seen in Table 2 the estimate of mean heterozygosity

for six populations was H = 0.059. The largest mean

heterozygosity value was observed for fish from Pickles

Reef, H = 0.072, with the lowest value of H (0.046) for

fish from Maryland Shoals. Heterozygosity decreased

clinally from Pickles Reef south to Maryland Shoals. The

only deviation from a decreasing trend was the H value for
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Tennessee Reef (H = 0.052) while H was slightly higher at

the adjacent southern reef, Sombrero Key (H = 0.054).

Noting only this one exception, mean heterozygosity

decreased steadily following the north to south distribution

of the populations along the Florida Keys. When taken

separately, the upper reef region mean heterozygosity was

also higher than the H value for the lower reefs. The group

mean heterozygosities were H = 0.066 for populations at

Pickles, Conch, and Alligator Reefs, and H = 0.051 for fish

at the lower reef populations of Tennessee Reef, Sombrero

Key, and Maryland Shoals.

Goodness of fit to Hardy-Weinberg equilibrium was tested

for seven polymorphic loci in the six individual collections

(Table 3). Four loci, PGM-2, IDH-1, IDH-2, and MDH-1 were

found to deviate from Hardy-Weinberg expectations. Tests

for heterogeneity of zygotic frequencies at the variable

loci were highly significant as follows: PGM-2, X2 = 17.541

P<0.001 Pickles Reef, X2 = 22.412 P<0.001 Conch Reef, X2 =

17.536 P 0.001 Alligator Reef, X2 = 17.198 P<0.001 Sombrero

Key; IDH-1 X2 = 9.506 P<0.002 Conch Reef; IDH-2 X2 = 6.253

P<0.01 Conch Reef, X2 = 4.606 P<0.03 Tennessee Reef, X2 =

7.121 P<0.01 Sombrero Key, X2 = 15.077 P<0.001 Maryland

Shoals; and MDH-1 X2 = 14.037 P<0.001 Tennessee Reef. No

trend for adjacent populations to have the same locus out of

equilibrium was detected.
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TABLE III.

DEVIATIONS FROM HARDY-WEINBERG EQUILIBRIUM

EXPECTATIONS FOR SIX POPULATIONS OF BLUEHEAD 
WRASSE.

Population Loci Chi-Square P

Pickles Reef PGM-2 17.541 0.000

Conch Reef PGM-2 22.412 .000

IDH-1 9.506 .002
IDH-2 6.253 .012

Alligator Reef PGM-2 17.536 .001

Tennessee Reef IDH-2 4.606 .032
MDH-1 14.037 .000

Sombrero Key PGM-2 17.198 .001

IDH-2 7.121 .008

Maryland Shoals IDH-2 15.077 .000

Two tests were directed at identifying population

subdivisions along the Florida Keys. The first of these

involved contingency chi-square analyses at all variable

loci for all localities. Of nine comparisons, six were

statistically significantly different among the six reefs

(Table 4).

The second test analyzed the variable loci in two

subgroupings, populations at the upper reefs (1 - 3) and

populations at the lower reefs (4 - 6). The grouping of

populations from Tennessee Reef, Sombrero Key, and Maryland

Shoals (4 - 6) revealed a lack of significant heterogeneity
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(Table 5) and the grouping of populations from Pickles,

Conch, and Alligator Reefs (1 - 3), depicted statistically

significant differences at one locus (IDH-1, P<0.001)(Table

6).

TABLE IV.

CONTINGENCY CHI-SQUARE ANALYSES OF NINE VARIABLE
LOCI FOR SIX POPULATIONS OF BLUEHEAD WRASSE.

Locus No. of Alleles Chi-Square D.F. P

Est-2 3 14.964 10 0.13337
Est-3 2 17.912 5 .00306
MDH-1 2 19.594 5 .00149
PGM-2 3 107.045 10 .00000
IDH-1 2 49.406 5 .00000
IDH-2 2 36.745 5 .00000
PGI-1 3 271.863 10 .00000
aGPD1 2 3.566 5 .61349
LDH-1 2 5.513 5 .35647

TABLE V.

CONTINGENCY CHI-SQUARE ANALYSES OF EIGHT VARIABLE
LOCI FOR POPULATIONS OF BLUEHEAD WRASSE FROM

NORTHERN SUBUNIT REEFS PICKLES, CONCH AND ALLIGATOR REEFS.

Locus No. of Alleles Chi-Square D.F. P

Est-2 3 7.818 4 0.09846
Est-3 2 0.557 2 .75673
MDH-1 2 1.024 2 .59926
PGM-2 3 3.353 4 .50065
IDH-1 2 12.856 2 .00162
IDH-2 2 1.253 2 .53457
PGI-1 3 6.914 4 .14052
LDH-1 2 2.010 2 .03202

Nft& '174w- Immeh- I-IW.AN I. *%-.
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TABLE VI.

CONTINGENCY CHI-SQUARE ANALYSES OF SIX VARIABLE
LOCI FOR OPULATIONS OF THE SOUTHERN SUBUNIT REEFS,
TENNESSEE REEF, SOMBRERO KEY AND MARYLAND SHOALS.

Locus No. of Alleles Chi-Square D. F. P

EST-2 3 4.634 4 0.32696
EST-3 2 5.525 2 .06313
MDH-1 2 1.475 2 .47825
PGM-2 3 1.895 4 .75512
IDH-1 2 2.400 2 .30119
aGPD1 2 0.996 2 .60771

FST at all loci averaged 0.285 and varied from 0.009

aGPD-1 to 0.758 PGI-1 (Table 7). FST values averaged for

populations from the northern reefs, Pickles, Conch and

Alligator (1 - 3), and for southern reef populations from

Tennessee Reef, Sombrero Key, and Maryland Shoals (4 - 6)

were significantly lower (0.021 and 0.022, respectively)

than the value for the total, indicating higher population

subdivision from within the total population (1 - 6).

TABLE VII.

SUMMARY OF F-STATISTICS AT NINE LOCI
FOR SIX POPULATIONS OF BLUEHEAD WRASSE.

Locus Fig FIT FST

EST-2 0.020 0.036 0.017
EST-3 - .135 - .086 .043
MDH-1 .163 .206 .051
PGM-2 .623 .707 .222
IDH-1 .458 .527 .128
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TABLE VII . -- Continued

Locus F1 5  FIT FST

IDH-2 .502 .636 .270
PGI-1 .225 .813 .758

aGPD1 - .014 - .004 .009
LDH-1 - .016 - .003 .013

Mean 0.250 0.463 0.285

Mean for
Reefs 1-3 0.266 0.281 0.021

Mean for
Reefs 4-6 0.227 0.244 0.022

FIS values were 0.266 in the upper populations 1 - 3 and

0.227 for the lower populations 4 - 6, while FI for all

populations 1 - 6 was 0.250. Noteworthy is that the

heterozygote deficiencies due to inbreeding within the three

upper reef populations, Pickles, Conch, and Alligator Reefs,

are greater than for all populations (1 - 6). The PGM-2

locus demonstrated this point best where FiS = 0.735, 0.797,

and 0.757 for Pickles, Conch, and Alligator Reefs,

respectively, yet values at Tennessee Reef, Sombrero Key,

and Maryland Shoals were as low as 0.180, 0.388 and 0.221,

respectively.

FIT values for populations from Pickles, Conch, and

Alligator Reefs (1 - 3) and for populations from Tennessee

Reef, Sombrero Key, and Maryland Shoals (4 - 6) were 0.281
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and 0.244, respectively. The value for all populations (1

- 6) was 0.463. This higher value for populations 1 - 6

therefore revealing the greater degree of population

subdivision within the total population than is seen within

the subgroupings themselves.

The G-statistic of Wright (1965) was used to partition

the proportions of the measurable gene variance, GPT,

attributable to a within sample component, GPH, and a

between region component, GHT. The measurable variance of

allele frequencies (GPT) was 0.0919 (Table 8). Of this

total, 15% (GPH = 0.0136) of the gene differentiation could

be attributed to differences among samples within regions,

while the remaining 85% (GHT = 0.0800) could be attributed

to variation between the northern and southern reefs.

TABLE VIII.

SUMMARY OF HIERARCHIAL GST FOR

SIX POPULATIONS OF BLUEHEAD WRASSE.

Locus GPH GHT GPT

EST-2 0.0022 0.0012 0.0034

EST-3 .0065 .0065 .0065

MDH-1 .0079 .0028 .0107

PGM-2 .0046 .0516 .0560

IDH-1 .0471 .0202 .0664

IDH-2 .0240 .1399 .1605

PGI-1 .0029 .3379 .3398

TOTALS .0136 .0800 .0919

The regional differentiation for the six populations is

exemplified by the phenogram constructed from a cluster

- -- -- I -, - - -- .1 IQL ilc 11- llt N
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analysis (UWPGM) for paired combinations of all populations

Figure 2). The average genetic similarity (Rogers, 1972) s

seen in Table 9 revealed higher values within regional

groupings (s = 0.97 northern, s = 0.982 southern) than was

found among all reef populations (s = 0.897).

TABLE IX.

WITHIN AND BETWEEN GROUP GENETIC SIMILARITIES

FOR SIX POPULATIONS OF BLUEHEAD WRASSE.

Reef Within Group Between Group

Pickles Reef 1 - 2 0.970 1 - 4 0.910
Conch Reef 1 - 3 .976 1 - 5 .915
Alligator Reef 2 - 3 .977 1 - 6 .899

Tennessee Reef x = 0.974 2 - 4 .886
Sombrero Key 2 - 5 .894
Maryland Shoals 4 - 5 0.987 2 - 6 .876

4 - 6 .982 3 - 4 .901
5 - 6 .978 3 - 5 .904

x = 0.982 3 - 6 0.889
x = 0.897

Although the various reefs are part of the major Florida

Key coral reef system, they are not environmentally or

physically homogeneous (Table 10). For instance, the mean

tidal range varies from 61 - 69 cm in the upper three reefs

sampled, Pickles, Conch and Alligator Reefs, and decreases

to 40 cm at Maryland Shoals near the tip of the keys

(Schumer and Drew, 1982).

Water quality follows a stable regime in the three

northern reefs where the continuity of the islands creates a
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barrier between Florida Bay estuarine waters and 
Atlantic

seawater. In the areas of Tennessee Reef and Sombrero Key

however, island continuity is sufficiently broken to allow

mixing of bay and ocean water creating a highly variable

system. The Maryland Shoals, area due to its locality at

the tip of the keys where waters from the Gulf of Mexico,

Florida Bay and the Atlantic Ocean all intermingle,

possesses a third water quality regime, one in which most

components (i.e., turbidity, salinity, etc...) reach a

moderate variability. Water temperature in the upper reefs

changes yearly over a 7
0 C range and in the lower localities

this range extends over 10
0 C, with high temperatures 2 - 30 C

degrees higher than the upper limit for the former 
areas

(Schumer and Drew, 1982).

A cluster analysis derived from seven ecological and

physical reef parameters was in close agreement with 
their

geographic location (Figure 3). Two of the uppermost reefs,

TABLE X.

ECOLOGICAL CHARACTERIZATION OF THE LOWER

EVERGLADES, FLORIDA BAY, AND THE FLORIDA KEYS.

UPPER KEYS MIDDLE KEYS LOWER KEYS

Plantation, Tavernier, Long Key to New New Found

Upper & Lower Matecumbe, Found Harbor Harbor to

Key Largo __Dry Tortugas



27

TABLE X.--Continued

UPPER KEYS MIDDLE KEYS LOWER KEYS

Tidal Range:

decreases---------------------------------- -----------

Continuity of Islands:

continuous; isolating islands broken; islands

seaward from Fla. Bay allows bay & sea broken to a

waters. water to mix. lesser extent
allows mixing.

Proximity of Oceanic
Currents:

dominated by Florida intermediate. dominated by

Current; stabilizing Gulf Loop;
influence, produces creates
spinoffs. variation.

Results of Currents:

stable water quality, high variability varied water
in water quality, quality;

intermediate.

Temperature (winter/
summer means):

21.8 0C/28.7OC 22.50 C/31.10 C

Turbidity:

least turbid. very turbid. moderately
turbid.

Salinity:

lower range higher range lower range
(34.2 - 38.6) (36.6 - 36.9) (35.2 - 36.1)
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Pickles and Alligator, clustered separately from the

remaining four, with Conch Reef forming a single cluster.

The three lower reefs, Tennessee Reef, Sombrero Key, and

Maryland Shoals, formed a single cluster, as well, with

Tennessee Reef and Maryland Shoals being the most similar.

This suggests there are distinct parameters between the

reefs that are shared among the uppermost and lowermost

reefs. To determine if these might also be correlated with

genetic differences in the populations, correlation analysis

was used to test for relationships between environmental and

genetic parameters- As seen in Table 11, mean

heterozygosity was significantly correlated with tidal

mean, continuity of associated islands, proximity of ocean

currents, and temperature (R = 0.005, R = 0.014, R = 0.008,

R = 0.014, respectively). Percent polymorphic loci was

significantly correlated to salinity range R = .029.

TABLE XI.

CORRELATION ANALYSES (REPORTING R VALUES) BETWEEN

ECOLOGICAL AND PHYSICAL FACTORS OF REEFS AND
MEAN HETEROZYGOSITY (H), PROPORTION OF POLYMORPHIC

LOCI (P), AND INDIVIDUAL HETEROZYGOSITY WITHIN
SUBPOPULATIONS (FIS) IN BLUEHEAD WRASSE.

XTM RTM IC CU WQ T AR SA RSA

H 0.005 0.269 0.013 0.008 0.094 0.014 0.53610.094 0.910

P .759 .939 .966 .913 .985 .966 .248 .985 .029

FiS .061 .093 .187 .163 .312 .187 .106 .312 .656

XTM = tidal mean RTM = tidal range, IC = island continuity,
CU = influencing ocean current, WQ = water quality, T =
temperature range, AR = reef area, SA = mean salinity, and
RSA = salinity range
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CHAPTER IV

DISCUSSION

The null hypothesis that Thalassoma bifasciatum

populations are not subdivided as a result of

environmentally homogeneous reef habitats can be rejected.

The various reefs sampled in this study had certain habitat

similarities, nevertheless each reef represented a habitat

subset along a longitudinally variable environment. Genetic

variation, resulting in subdivision of T. bifasciatum

populations along the Florida Keys, interpreted from values

for mean heterozygosity (H), percent of polymorphic loci per

population (P), genetic similarity of the populations and

the F and G-statistics of Wright, detected a division of

wrasse populations into "northern" and "southern" groups. In

addition, correlation and cluster analyses indicated the six

reefs can be grouped in a similar fashion based on

environmental data. If selective pressures differ between

the northern and southern reef units, then strong

correlations between environmental factors and genetic

variation of the reef populations might also exist. The

separation into two divisions, coincides with a north to

south distribution of the reefs by locality. As will be

exemplified, much of the genetic variation and population

subdivision correlates with gradual and nearly clinal

30
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changes in ecological and physical parameters that occur

from north to south in the Florida Key reef environments.

The recurring theme in the data is that gene flow is

restricted between wrasse populations on Pickles, Conch, and

Alligator Reefs (northern populations) and those on

Tennessee Reef, Sombrero Key, and Maryland Shoals (southern

populations). Even from the most simplistic view, a

distinction between north and south wrasse populations was

observed. Spatial patterns of allele frequencies revealed

differences among localities in a locus-by-locus

examination, most notably at the IDH-2 locus, where the IDH-

2 B allele was most common in the northern populations, while

the IDH-2A allele was predominant in southern populations.

Similar patterns of alternate common alleles between

northern and southern populations were observed at the MDH-1

and PGI-1 loci. These patterns are summarized in the

dendrogram based on Rogers'(1972) genetic similarity, S

(Figure 2). Clearly, the northern reefs, Pickles, Conch,

and Alligator, and the southern ones, Tennessee Reef,

Sombrero Key, and Maryland Shoals, cluster as discrete

genetic units. More importantly, a contingency chi-square

test for heterogeneity indicated that six of nine variable

loci were significantly heterogeneous among the six reef

populations. However, when the reef populations were

assigned to northern or southern units, one locus was

significantly heterogenous among the northern populations,
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and no loci were significantly heterogenous among those of

the southern unit.

If, as the environmental data suggest, there are

differences between the northern and southern reefs, a

significant proportion of the total genetic diversity across

populations should be accounted for by differences among

groups arrayed on the basis of geographic location. Results

of the hierarchial analysis (Nei, 1975) indicated that 85%

of the gene diversity can be accounted for by differences

between the northern and southern units, while only 15% of

the genetic diversity can be attributed to differences among

individuals within subpopulations.

Subdivision of the total population into northern and

southern subunits is supported also by high FST values. The

value (FST = 0.285) calculated over the six reef populations

suggests a major degree differentiation of the populations

and hence subdivision within. When the populations were

considered as two subsets, FST values were considerably

lower, 0.021 and 0.022 for northern and southern subunits,

respectively. FST values calculated for other marine fishes

range from 0.0041 in the flatfish, Pleuronectes platessa, to

0.3542 in the tidewater silversides, Menidia beryllina

(Winans, 1980). The FST values calculated for T.

bifasciatum lie within this range, irrespective of whether

the populations are considered as a whole or as subunits.

Additionally, the FST for the six reef populations of T.
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bifasciatum are comparable to those for freshwater stream

fish occupying disjunct riffle habitats (Zimmerman, 1987).

In contrast, the FST for the six T. bifasciatum populations

is considerably higher than those for reservoir populations

of freshwater fish such as mosquitofish, Gambusia affinis

(FST = 0.051) (McClenaghan et al., 1985), and bluegill,

Lepomis macrochirus (FST = 0.029) (Avise and Felley, 1979).

However, FST values considered separately for the northern

and southern units are similar to those for reservoir

populations. Thus, wrasse populations of the Florida Keys

reef system are behaving as linearly arranged, disjunct

breeding units, and constraints on their population genetic

structure may be may be similar to those of freshwater fish.

In general, organisms with high FST values have

restricted vagility; conversely, those organisms with

greater vagility have lower FST values (Winans, 1980). With

this generalization in mind, and noting the comparisons of

FST values of T. bifasciatum to values for other marine and

freshwater fish, explanations for reduction in gene flow

between the two reef areas are appropriate.

It has been suggested that the planktonic larval stage of

marine fish offers a high potential for gene flow between

subpopulations and, hence, they should show little

interlocality differentiation (Winans, 1980). However,

recent studies suggest that larval dispersal may not be as

random as generally assumed (Winans, 1980, Bell, 1982), and
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these arguments strongly contend that the planktonic larval

stage is not one large panmictic pool. Instead, the

plankton larvae occur in patches which can remain discrete

as they are transported by oceanic currents and recirculated

to adult habitats. Therefore, larvae disperse back to

parental reefs in sporadic bursts rather than as a

continuous random dropping out of a panmictic pool (Ehrlich,

1975, Hewitt, 1981, Victor, 1983).

Many studies of genetic structure in marine fishes

indicate population subdivision associated with boundaries

of major oceanic regions (Winans, 1980, Graves, et

al.,1983). There are no obvious barriers to movement of

coral reef fishes along the Florida Keys, with the exception

of deep channels between some reefs (Figure 4) and an

intrinsic restriction for dispersal in the fish. In the

intertidal fishes of the genus Clinocottus, fish with

restricted adult movement but substantial planktonic larval

stage, populations appear to be genetically different in

their north to south distribution along the California coast

at Point Conception (Swank, 1979). In this instance, as in

the present study, there are no obvious barriers to

movement, and the larval planktonic stage offers ample

opportunity for gene flow between subpopulations.

Differentiation of Clinocottus populations was attributed to

patterns of surface currents during larval development and

temperature dependent natural selection. Additionally,



35

11 DEPTH (METERS)
**N

fI-C

PICKLES RE

0

rtr

0D

0- _TALLIGATORREEFowo

0>

SO.BE R EEF
F- _

0-

1

U)0



36

oceanic currents and development of gyres, with tendencies

to trap larvae increasing their return as juveniles to their

adult habitats, may have contributed to genetic

differentiation between subpopulations of Japanese

anemonefish, Hawaiian milkfish, and Atlantic cod, for

example (Shaklee, 1984, Winans, 1980, Bell, 1982,

respectively). These factors may be contributing to

restricted gene flow between T. bifasciatum populations, as

well.

FiS (0.250) indicated an average 25% deficiency of

heterozygotes among individuals within subpopulations. Such

deficiencies can result from inbreeding or the fusion of

subpopulations having alternate predominant alleles, a

Wahlund effect. Deficiencies in heterozygotes within

subpopulations was slightly higher in the three northern

populations. The explanation for this does not relate to a

greater environmental stability in the Pickles, Conch, and

Alligator Reefs' region. In addition, the continuity of the

Florida reefs is more complete in the northern region. With

the assumptions of planktonic return to adult habitats and

limited adult movement, reef continuity, and thus population

continuity, would provide less potential for inbreeding than

would be possible in the southern reef areas (Tennessee

Reef, Sombrero Key, and Maryland Shoals) where the reefs are

discontinuous and separated by deeper channels (Figure 4).
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Similarly, mean heterozygosity decreased clinally from

Pickles Reef (H = 0.072) to Maryland Shoals (H = 0.046).

The explanation for this decrease is not apparent. The

observed spatial heterogeneity in allele frequencies might

reflect the action of selective pressure associated with

differing reef habitats. Differences in heterozygosity

might result from differences in selective pressures, as

well.

Correlation analysis revealed four environmental

paramters to be significantly corrlated with the genetic

parameter of mean heterozygosity, tidal mean, continuity of

associated islands, influencing ocean currents and

temperature (R = 0.005, R = 0.014, R = 0.007, and R = 0.014,

respectively).

The contributing environmental factors indicate that

interpopulation differences in genetic variation may reflect

a response of these fish to cope with oscillations in a

suite of environmental factors. Mean tidal range, for

example, varies clinally north to south, with ranges in

variation nearly twice as large in the northern reefs.

Distinct oceanic currents interact with the various reefs.

For instance, populations at Pickles, Conch and Alligator

Reefs are associated with the Florida Current and to a

lesser extent the Gulf Loop Current, while populations from

Tennessee Reef, Sombrero Key, and Maryland Shoals interact

almost exclusively with the Gulf Loop Current (Figure 5).
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Figure 5. Map of currents influencing reef environments of
the Florida Keys.
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Island continuity is seen to consist of two extremes in the

northern and southern regions, the northern keys occurring,

for the most part, as an unbroken, continuous island chain,

while the southern keys are mostly discontinuous allowing

for greater interaction between Florida Bay and the Atlantic

Ocean. Thus, these results can be taken to indicate that

southern populations of T. bifasciatum experience greater

environmental heterogeneity, with larger variation, created

in this instance by fluctuations in tidal amplitude, effects

of current, and water quality differences due to island

discontinuity.

The six reef populations of T. bifasciatum examined in

this study were found to exhibit population heterogeneity

within the Florida Keys reef. Within this coral reef area,

subpopulations of wrasse were distinguishable as two major

units, northern and southern. Variation in environmental

parameters provided an explanation for regional

differentiation. The conclusion from this analysis of

wrasse populations in the Florida Keys is that the

substantial population subdivision occurs in response to

differing selective pressures created by the heterogeneous

environments of these reefs. This population subdivision is

significant, in light of suggestions that marine fish should

be responding to uniform environments. It is obvious that

marine habitats are not locally homogeneous and that

genetic structure of fish populations inhabiting them is
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under similar constraints observed in freshwater fish.

Clearly, future studies of marine fish will need to consider

both local differentiation and broader geographic

differentiation of populations, as well as, the potential

for occurrence of local environmental heterogeneity.
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