Biological Sciences

BIOLOGY AND ECOLOGY OF RIVULUS MARMORATUS:
NEW INSIGHTS AND A REVIEW
D. Scott Taylor
Florida Institute of Technology, 150

Abstract: Rivulus marmoratus

W. University

1

Blvd., Melbourne, Florida 32901

(Pisces: Aplocheilidae) is a small cyprinodontid indige-

nous to mangroves of the western tropical Atlantic. This species is well known as the only selffertilizing, hermaphroditic vertebrate, and populations normally consist of genetically diverse
groups of homozygous clones. However, male

known from

fish are

a few populations, and

outcrossing and heterozygosity have been documented from two areas in Central America.

Rivulus marmoratus also exhibits a number of behaviors and environmental tolerances unusual
in fishes,

edge of

and since the species
its

laboratory

is

secretive, rare in

some

habitats

and

difficult to collect,

knowland

natural history has been limited until recently. Within the last decade field

work and ongoing

our knowledge of

this

investigations into R.

unusual

fish.

marmoratus genetics have added greatly

to

This study provides a general review of the biology and

ecology of R. marmoratus.

—

Systematics/Nomenclature Rivulus marmoratus (Poey) (common
name: mangrove rivulus) is a small, cryptic, Neotropical cyprinodontid fish
inhabiting mangrove marshes over a vast range of the shoreline of the western
Atlantic, Caribbean and Gulf of Mexico. The fish has attracted considerable
scientific attention in the last three decades due to its unique reproductive
mode as a self-fertilizing hermaphrodite, its restriction to the fringes of marsh
habitat and the impact of these traits on the evolution and population genetics
of the species. The type locality of R. marmoratus is Cuba, although in the
original description by Poey in 1880 there is some confusion that the specimen
may have come from the United States. Synonyms listed include: R. ocellatus
Hensel, R. heyei Nichols, R. marmoratus bonairensis Hoedeman. Of these,
R. ocellatus has been widely used, but a 1992 decision by the International
Commission on Zoological Nomenclature (Case #2722) has conserved the
specific name R. marmoratus and synonymized R. ocellatus.

General Description

—

marmoratus generally resemmain differences being
that R. marmoratus has tubular anterior nares. The body is elongate, slender
and dorso-ventrally flattened. Both dorsal and anal fins are set well back,
and the caudal fin is rounded. Body coloration of hermaphrodites is an overall dark brown or maroon, but wild specimens may vary in degree of dark
coloration depending upon the substrate background color. A distinctive "riIn

body form,

R.

bles cyprinodonts of the genus Fundulus, one of the
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vulus spot" or ocellus
base.

The

is

sides of the

reticulated background.

pectoral fin (Figure

1).

found

at the
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upper part of the caudal peduncle

body have small black "pepper"

A

dark humeral spot

Male

fish,

is

which are found

found
in

spots against a

at the

some

base of the

populations, lack

an ocellus and also have a varying sheen of red/orange/yellow to the flanks
and posterior fins. The anal, caudal and sometimes dorsal fin tips may be
darkly pigmented in males (Figure 2). The largest specimen collected in
SL and 56
SL in Belize, but most individuals range
Florida was 62

from 20-40

mm
mm TL

mm

(unpub. data).

Overall Geographic Range

—Rivulus marmoratus

is found in the subfrom southeastern Brazil
Venezuela through Central

tropical/tropical western Atlantic/Caribbean basin,

north through the Greater and Lesser Antilles,

America
al.,

to

at least to the

Yucatan and both coasts of central Florida (Davis

et

1990; Taylor and Snelson, 1992). Although collections from Brazil north

Guiana are non-existent,

through

it is

likely that the range of the fish is contiguous

this area. In Florida, the species is

Tampa Bay and on

now confirmed on

the west coast

Melbourne Beach (Brevard County). However, an apparent "outlier" population from Volusia
County south of New Symrna Beach has also been documented (Taylor,
north to

the east coast north to

1999a).

Rivulus marmoratus has the widest range of the 70 well defined (plus

about 30 uncertain) species in the genus Rivulus (Huber, 1992) and

is

the

only marine species other than Rivulus caudomarginatus. Rivulus caudo-

marginatus

is

sympatric with R. marmoratus in the mangroves of south-

eastern Brazil (Huber, 1992; Lazara, 1998).

—

Collections Prior to the late 1980s, reported collections of R. marmoratus in non-U.S.A. waters generally numbered less than 10 individuals
per collection, and collection of this species was generally an incidental
occurrence in fish surveys of the mangal (mangrove ecosystems). An exception to this was in Grand Cayman, B.W.I., where over 500 individuals
were collected over a 7-year period in the 1970s, during a study of fishes
preying on mosquito larvae in the mangrove swamps (Todd and Giglioli,
1983).
Until the field studies of Davis and coworkers (1990),

few ichthyologists

pursued the collection of R. marmoratus. Davis and colleagues
have since collected several hundred specimens from the Belize barrier reef
cays (Davis et al., 1990; Taylor, 1999a). In addition, within the last few
specifically

94 specimens have been taken from the Bay Islands, Honduras and
78 specimens from Exuma, Bahamas (Taylor, 1999b). Taylor (1999a) has
cataloged known collections from Florida and estimates that 2,188 individuals have been taken since 1928. Now that the distinct microhabitat requirements for R. marmoratus have been identified (crab burrows, intermittently
years,
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Hermaphrodite of Rivulus marmoratus from Belize, C. A. (SL about 35 mm).
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Fig. 2.

Male Rivulus marmoratus from

Belize, C. A.

245

(SL about 35 mm).

dry and stagnant mangrove pools), it can be anticipated that collections
fish's range will increase.

throughout the

Ecology

—Habitat preferences—Rivulus

marmoratus have been

col-

lected within broadly defined categories of microhabitats within the mangal:

crab burrows, stagnant pools, sloughs or ditches (often intermittently dry)

and some fossorial niches (inside or under damp logs, debris, leaf litter, etc.).
They have also been reported from cave systems and solution holes adjacent
to mangroves in the Bahamas (Gerace, 1988; Taylor, 1999a). Davis and
coworkers (1995) pointed out that R. marmoratus is one of only two (the
other being Gambusia rhizophorae) truly "mangrove dependent" fish species, in which the entire life cycle is completed in the mangal. In fact, the
range of R. marmoratus coincides with that of the red mangrove (Rhizophora
mangle), and parallels may be drawn between physiological and ecological
tolerances of fish and plant (Davis et al., 1995). Carole Mclvor (cited as

comm. in Davis et al., 1995) reports that among a suite of fishes
examined, R. marmoratus exhibits the "strongest" C/N/S mangrove stable
isotope signal, reflecting its dietary association with the primary productivity
of mangrove systems. However, in spite of its almost "benthic" character,
on two occasions R. marmoratus has been collected in channel nets set in
heavy tidal flow, adjacent to mangrove habitat. Roessler (1970) took a single
specimen in a Florida Everglades mangrove canal system, and two juvenile

pers.
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specimens (~ 7-9 mm) were taken in a tidal creek near Naples, FL 100
from the nearest mangroves (Peters, 1998).

—

Water quality

It

has often been noted that R. marmoratus can tolerate

adverse water quality conditions that
1970; Abel et

m

may be

fatal to other fishes (Kristensen,

1987; Taylor, 1990), and it is frequently the only species
collected in the microhabitat it occupies (Taylor et al., 1995). In mangrove
al.,

systems, R. marmoratus have been collected at salinities ranging from

68 ppt (Taylor
at

et al., 1995),

70-80 ppt (unpub.

and

in the laboratory juveniles

data). Collections at

low

salinity conditions in

groves are generally temporary conditions following heavy

0-

remained viable
rainfall.

man-

Rivulus

low salinity (e.g. 1
and at a greater size (Lin and Dunson,
1995). Fish reared at 12 and 40 ppt had greater mass than those of equivalent
age reared at 1 ppt (Lin and Dunson, 1999). However, several attempts to
introduce R. marmoratus to freshwater habitats in Florida have not been
successful, except in one instance where no other fish species were present
and the habitat was intermittently dry (Taylor, 1999a).

marmoratus can be reared and

will reproduce at very

ppt) but matures at a slower rate

—

Temperature Rivulus marmoratus have been collected at temperatures
from 7-38° C (Taylor et al., 1995), and the fish can survive temperatures as
low as 5° C when emersed (Taylor, 1999a). Huehner and coworkers (1985)
demonstrated that R. marmoratus in laboratory aquaria/terraria will leave
the water (emerse) as temperatures decrease toward 19-20° C. In mangrove
pools on the east coast of Florida artificially stocked with R. marmoratus
(Taylor et al., 1995), the fish have been found inside termite galleries of
rotting logs at the water's edge, but out of the water (Taylor, 1999a). Similar
behavior was previously observed in drying mangrove pools in Belize, C.A.
(Davis, 1991).

As

are

most

perate climes, R.

tropical species

marmoratus

which range north

into sub-tropical/tem-

are vulnerable to extreme cold events (Taylor,

1993), which presumably limit their northern distribution. Their utilization
of fossorial habitats (such as crab burrows), which may offer some thermal
buffering, allows the fish to establish a range north of areas where open

water temperatures would otherwise prove lethal (Taylor, 1992).

—

—

Emersion Hydrogen sulfide/anoxia Hydrogen sulfide (H 2 S) is a ubiqcomponent of the mangal and, as a potent toxin, challenges any fish
life present (Davis et al., 1995). In the field, R. marmoratus is frequently
seen with a patchy white coating on the body and fins, which may either be

uitous

a

mucus response

to adverse water quality (Davis et

growth of sulfur-oxidizing bacteria

al.,

1990) or the actual
data). Rivulus

on the epidermis (unpub.

H 2 S through a behavior known as
water
and residing in damp substrates
emersion, or the act of leaving the
(Abel et al., 1987; Taylor, 1990). Kristensen (1970) was the first to describe

marmoratus avoids

intolerable levels of
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emersion in R. marmoratus, and the behavior has been well-documented in
and in many congeners (Huber, 1992). Factors other than high
levels of H 2 S (e.g. intra-specific aggression or escape) may also induce this
behavior (Taylor, 1988). Fish can survive at least 66 d out of the water in
damp substrates, and they resume feeding immediately upon reflooding
(Taylor, 1990). While emersed, R. marmoratus respires with a network of
this species

expanded

capillaries in the skin

and

fins (Grizzle

and Thiyagarajah, 1987),

but the overall physiology of the process has not been investigated. Elevated
H 2 S is associated with depleted oxygen, and the interaction of these two
factors in the induction of emersion

is

unknown.

If R.

marmoratus are cap-

tured in traps which are completely submerged in high

H

2

S environments,

the fish frequently die. Contact with the air-water interface, allowing skin
respiration,

may be

obligatory under these circumstances (Davis et

al.,

1990).
In the field, emersed fish will often aggregate, presumably to retain

reminded of salamanders or other amphibians (Taylor, 1999a). Generally, emersed fish are quiescent, and the intra-specific aggression which is common in aquaria is curtailed. A further
parallel to the amphibian analogy is that emersion can also be an active
event (Taylor, 1990), in which R. marmoratus travels over damp substrates
by serpentine wiggling or flipping. Such "overland" excursions reveal a
well-developed local knowledge of terrain (Taylor, 1990), and fish dropped
moisture, and in this regard one

during field collection frequently
etc.) (pers. obs.).

is

flip directly into

a refuge (crab burrow,

Rivulus marmoratus will leap from the water to capture

prey, but prey so captured are

consumed

in the

water (Huehner

et al.,

1985;

Taylor, 1990).

Diet

—Rivulus marmoratus

is a predator, and a variety of invertebrates
and aquatic) form the bulk of the diet (Harrington and Rivas,
1958; Huehner et al., 1985; Taylor, 1992). Fish scales have also been found
in the gut, and the species is known to be cannibalistic (Kristensen, 1970;
Taylor, 1988) and will eat its own eggs in captivity (Davis, 1986). Taylor
(1992) found that 60% of the fish collected from land crab burrows had
empty guts, and this relative infrequency of feeding is likely in other marginal, intermittently dry habitats where the fish is found. Periods of mangal
flooding probably allow R. marmoratus the opportunity to feed heavily prior
to the arrival of other fishes which may be migrating from nearby permanent
sources of water (e.g. permanent ponds, estuarine water). Heavy feeding
during flood cycles may give R. marmoratus the nutritional reserves to survive during drought or low water conditions. Rivulus marmoratus is an effective mosquito larvivore, and in the laboratory fish of 40
SL ate up
to 80, 4th-instar saltmarsh mosquito larvae in 24 h. One-day old R. marmoratus also ate up to 21, lst-instar saltmarsh mosquito larvae in 24 h

(terrestrial

mm

(Taylor et

al.,

1992).
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mm

C

reached 19-21
SL
at age 90 d. In a more variable temperature regime (21-29° C) juveniles
SL at age 90 d and 22
reached 18
SL by age 200 d (Taylor, 1999a).
Koenig and Chasar (1984) found growth rates at 25° C of 18
TL at age
In the laboratory, fish reared at 25°

mm

mm

mm

mm

TL

age 200

However, feeding regimes and ambient
salinity varied in all of these studies. Lin and Dunson (1995) reported hermaphrodites reared at 26° C under a high food regime reached 27
TL
TL at age 125 d. In the laboratory,
at age 90 d and under low food, 25
offspring of parents fed under low food regimes had a faster growth rate
(length and mass) than offspring of parents from high food regimes (Lin
and Dunson, 1999). Males are significantly smaller than hermaphrodites of
the same age when both were reared under high food regimes (Lin, 1993).
Adult fish may live up to 5 y in captivity, and males live longer in captivity

90 d and 26

at

d.

mm

mm

than hermaphrodites (Taylor, 1999a). Sexual maturity in hermaphrodites

is

generally given as occurring at age 90 d (Kristensen, 1970; pers. obs.). There

on growth rates in the wild. Dunson and Dunson (1999)
marmoratus (body mass 6-42 mg wet weight; age/
length not given) placed into cages in Florida west coast mangroves grew
at a maximum of 3.5-4.0% daily (body mass).
are limited data

found

that juvenile R.

Reproduction

—Rivulus

marmoratus

is

the only vertebrate

known

to

generally reproduce as a homozygous, self-fertilizing hermaphrodite. Thus,
the fish essentially "clones"

itself.

The gonad

in hermaphrodites is a bi-

lobed ovotestis. The gonad appears ovarian but contains both oogenic and

spermatogenic tissues which are undifferentiated by membranes (Harrington,
1961; Soto et al., 1992). Kweon and coworkers (1998) examined the ultrastructure of R. marmoratus spermatozoa and report that they are of a primitive type, resembling those of externally fertilizing teleosts. This suggests
a recent shift to internal self-fertilization. Mature spermatozoa are found in
ducts throughout the organ, and fertilization takes place within these ducts

time of ovulation. Fertilized eggs can be held within the ducts for up
but 80% are released within 24 h (Harrington, 1963).
Internal self-fertilization is very efficient in R. marmoratus, but on oc-

at the

to

77

h,

some unfertilized eggs are emitted, an important factor in the possiof outcrossing (Harrington, 1971)(see below). The physiological/hormonal mechanisms by which the two germ tissues in the ovotestis function
casion

bility

such close proximity are quite fascinating and completely unknown. Cole
and Noakes (1997) report that in lab-reared, young (<100 d from hatching)
R. marmoratus, "pure" females (e.g. only ovarian tissue present) dominate,
and subsequent to age 100 d, hermaphrodites dominate. This argument for
"pure" females, however, is based on histological work on lab-reared fish,
and wild fish have not been examined in such detail. Sexuality and sex
expression in lab-reared R. marmoratus are highly variable (pers. obs.), and
conclusions based on laboratory studies may not necessarily apply to wild
in

populations.
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up

to 8 fertile eggs/day (Tayegg/day (Harrington, 1963;
Koenig and Chasar, 1984). Freshly captured, wild hermaphrodites have been
extremely gravid on occasion, and one specimen released more than 50
viable eggs of varied developmental stages shortly after capture (Taylor,
1999a). This observation suggests that "mass" egg deposition by a single
individual may sometimes occur in the wild. Eggs range from 1.5-2.0
in diameter and have a clear, rubbery chorion. Most eggs hatch within 16 d
of fertilization, but some may take an additional 2 weeks or more (Koenig
and Chasar, 1984). Fertile eggs will develop if incubated under only damp
conditions (without standing water), and once development is complete, they
hatch spontaneously upon flooding (pers. obs.). Ritchie and Davis (1986)
report circumstantial evidence of embyronic diapause in wild R. marmoratus, where larval fish appeared in pools after the mangal had dried and

In captivity, adult hermaphrodites will lay

lor et

al.,

1992), but the

norm

is

closer to

1

mm

reflooded.

Although few eggs have been found
that this species

A

may

strand

its

eggs, a

in the wild, the limited data suggest

shared with several congeners.

trait

on the sides of a crab burrow
above the water
line at the edge of a mangrove pool (Taylor, 1999a). In a crab burrow "microcosm", R. marmoratus consistently laid eggs out of the water and gensingle egg has been found out of the water

(Taylor, 1990),

and several eggs were found

in leaf litter

erally at night (Taylor, 1990).

Taylor (1992) examined the gross state of gonads from 111 R. marmoratus captured during Feb.-May from crab burrows in east central Florida. Fish varied in SL from 14-48
(x = 25.2 mm). Only three fish (2025
SL) contained no developing eggs. The remaining 108 fish all contained either developing or mature eggs (>1
dia). Early in the collection
period (Feb.) eggs were smaller (<0.25
dia) and fewer in number (4060 total). Later collections (April-May) had larger eggs (>1
dia) and
greater numbers (up to 75 total) in the ovotestis.
Juveniles (i.e. < 10 mm) have rarely been collected in the wild. Harrington and Rivas (1958) took 22 small fish (7.5-11.1
SL) in August,
and about a dozen fish in the range of 7-15
SL have been taken in the
fall and early winter from east-central Florida (Taylor, 1999a).

mm

mm

mm

mm

mm

mm

mm

Genetics

—Harrington and colleagues

from wild
from
Miami, Florida (Kallman and Harrington, 1964; Harrington, 1975). These
three clones and a suite of other wild-caught fish from Florida were indistinguishable from each other by allozyme comparisons (Massaro et al.,
1975), and an ordinarily hypervariable region of the mtDNA "D" loop is
also nearly uniform (Turner, 1996). Through more sensitive DNA fingerprinting, both Turner and coworkers (1990, 1992a) and Laughlin (1993) have
determined that in populations from both Florida and Belize, the ratio of
distinguishable genotypes (clones) to individuals was nearly 1:1, i.e. each
fish collections:

identified three clones

"DS" and "NA" from Vero

Beach, Florida and

"M"
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Such a level of genetic variability
approaches that of sexually reproducing populations and has not been docfish represents a discrete genetic clone.

umented among other clonal animals. Only
this level

of diversity (Turner et

al.,

certain clonal grasses exhibit

1992a).

Weibel and coworkers (1999) surveyed mtDNA in R. marmoratus from
Bahamas (Turks and Caicos), several Florida locations and Belize.
They found that Florida and Belize clones were phyletically indistinguishable and more closely related to each other than to the Bahamas/Brazil lines.
Brazil,

In addition, the Florida/Belize fish shared a

common

ancestor of

more recent

origin than did Brazil/Bahamas. Thus, eastern and western Caribbean line-

ages were identified.
Little

chromosomal

variation in

number (2N = 48) or morphology was

found in a cytogenetic analysis of R. marmoratus from Brazil to Florida.
This finding was deemed somewhat remarkable since other aplocheiloids
and some congeners had considerably more variation. One explanation presented is that R. marmoratus is of relatively "recent" origin and has spread
over such a wide range because of its superior colonizing ability (Sola et
al.,

1997).

Although R. marmoratus typically contain functional ovotestes and internally self-fertilize, the occasional presence of fish that are completely male
complicates the pattern of clonal reproduction reported for this species. Har-

from the hermaphroditic charlow temperature (20°C), and later
reported the first wild male specimen, found in south Florida (Harrington
and Kallman, 1968). In addition, Harrington (1971) also transformed young
hermaphrodites into "secondary" males by early rearing them at high temperature (30° C). Lin (1993) found that production of males in the laboratory
varied across clones, and the highest male production was not always associated with lower rearing temperatures (19° C) and hypothesized that the
lower threshold temperature for male induction will be lower at high latitudes and higher at low latitudes. Fisher (1997) also found male production
variation among clones under three rearing temperatures (19, 22.5 and 26°
rington (1967)

first

identified this deviation

acter in laboratory specimens reared at

C), but his findings generally confirmed those of Harrington (1967), with

He was not, however, able
from more southerly locales had a
higher low-temperature threshold of male induction, or correspondingly, that
more northerly clones had a lower induction temperature. Davis and cogreater incidence of males at lower temperatures.

to demonstrate that clones originating

workers (1995) suggested that in addition to environmental factors known
to occasionally produce males (i.e. both high and low temperature), ecological or habitat disturbance may also result in male production. Taylor and
coworkers (1995) speculate that other factors, possibly "social" factors, may
be involved in the induction of males. A mangrove pond in east-central
Florida artificially stocked with R. marmoratus produced high densities of
fish, and males were present where they were otherwise unknown in natural
habitats (Taylor et al., 1992). Fewer than 15 wild males have been reported

No. 4 2000]
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from Florida, all from the southeast or southwest and west coasts and the
Florida Keys (Davis et al., 1990; Taylor, 1999a). Kristensen (1970) also
identified male fish from Curacao, Netherlands Antilles, although more recent collections from there have not included male fish (Lubinski et al.,
1995). The widespread occurrence of apparently sexually competent male
fish from some cays in Belize, Central America, has also been reported
(Davis et al., 1990; Turner et al., 1992a). The Belize cays males comprise
from 10-25% of the population and are presumably involved in sexual reproduction with hermaphrodites, as evidenced by the high incidence of heterozygosity on some cays (Lubinski et al., 1995). Heterozygosity is still the
norm in this habitat after several years, as determined from recent DNA
fingerprinting (Taylor, 1999b). Two males are also known from a collection
(n = 94 individuals) from Utila, Bay Islands, Honduras, and one was found
in a collection of 78 individuals from Norman's Pond Cay, Exuma, Bahamas
(Taylor, 1999b). A limited DNA fingerprint sample from the Honduras population revealed a low percentage of heterozygosity (2%) while the Bahamas
fish were uniformly homozygous (Taylor, 1999b). These data may therefore
suggest that a threshold of male fish abundance may be required for outcrossing to take place. No male fish, however, have been reported from the
considerable range encompassing the northern and eastern coasts of South
America to southern Brazil, although few collections are known from here.
The clonal pattern of inheritance and homozygosity was first reported
in Florida R. marmoratus by Kallman and Harrington (1964), and these
observations were confirmed with later fin and organ transplant experiments
(Harrington and Kallman, 1968). More recently, clonality and homozygosity
has been confirmed by multilocus DNA fingerprinting (Turner et al., 1990;
Laughlin et al., 1995), in which fingerprints of Fl progeny from wild-caught
individuals are compared with each other or with parental fingerprints. Fingerprints of various wild-caught Florida R. marmoratus reveal that many
clones are present (i.e. 1 fish/1 clone) with very little clonal "overlap", and
most fingerprints are separated by multiple mutations. Clonal diversity in R.
marmoratus also may vary temporally. At two south Florida sites, there was
no detectable clonal overlap in four small samples (n = 34 fish) collected
one and three years apart (Turner et al., 1992b). Mutation rates alone are
not sufficient to explain such turnover, but mutation combined with high
migration rates from individuals from different lineages are a reasonable
explanation. Laughlin (1993) compared fingerprint bands of 16 specimens
from Indian River Lagoon, Florida and 12 from the Everglades region and
found that there was 23% more band sharing within populations than among
populations. He concluded that migration between populations may not be
as important as previously estimated and that high clonal diversity may be
a result of natural selection acting at the molecular DNA level. However, in
a later publication Laughlin and coworkers (1995) suggested that observed
clonal diversity and turnover could not be explained by mutation and is the
result of migration only.
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significance of this great clonal diversity

the three Harrington/Kallman clones
in

age
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is still

first identified,

unknown.

Among

differences were found

sexual maturity, extent of sex change at senescence, incidence of

at

low-temperature male induction and temperature induced meristic variation
(Harrington, 1971; Harrington and Crossman, 1976). Fisher (1997) also
found differences in low-temperature induction of males and in incidence
of morphological anomalies among seven different clones originating from
Florida to Brazil. Lin and Dunson (1995) found among five clones (from
Florida, Yucatan and Belize) that reproductive fitness was affected differently in the different lines

Dunson (1993)

by variation

in

food level and

salinity.

Lin and

report that individual clones had different tolerances to toxic

heavy metal exposure. Existing information on clonal distribution of this
widely distributed fish is present for only two populations: Belize and Florida.

Some very

preliminary data

may

indicate that the ratio of individuals/

is, there may be less clonal
end of the fish's range (Turner et al., 1992b). These
data, however, are based on small sample sizes (n = 58 fish) from only five
sites, two of which were in the Florida Keys. Kallman and Harrington (1964)
confirmed the homozygosity of six wild fish collected from Vero Beach, FL
by tissue transplantation tests. In the process, they determined that two of
the six individuals collected from adjacent marshes were the same clone
(clones DS and NSU). It is unlikely that individual clones (with variation
only at mini- and micro-satellite loci) are each uniquely adapted to different

clone increases on a south-north cline, that
diversity at the northern

ecological conditions (Lubinski et
clonal structure

is

al.

1995). Yet, until a thorough survey of

completed across a variety of populations and among
is unknown.
from male X her-

sympatric clones, the ecological significance of this diversity

Heterozygosity in offspring

maphrodite matings (Lubinski
inhibit self-fertilization is not

is

presumed

et al., 1995).

to result

How

hermaphrodites reduce or

known. Harrington and Kallman (1968) paired

which routinely laid unfertilized eggs with a lab-reared
male fish and was able to produce an outcrossed (heterozygous) offspring,
as determined by an allograft reaction. Outcrossing could also result if pure
"females" occur in the wild and males are present (Cole and Noakes, 1997).
Overall, outcrossing may be relatively infrequent and appearance of males
in some populations may be intermittent and driven by environmental factors
a hermaphrodite

not yet understood (Lubinski et

al.,

1995) Most importantly, the significance

of outcrossing in the genetics of a highly successful, clonal organism

is

completely unknown.

decade has added much to our knowledge of this species, yet
marmoratus presents many opportunities for further research,
much of it in the realm of molecular genetics. It is hoped that studies of R.
marmoratus both in the laboratory and in the field will continue, as the fish
has still not been investigated throughout much of its range.

The
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