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Abstract
Populations of Menidia conchomm are elec-

trophoretically and meristically compared to M.

beryllina, M. peninsulae and M. colei. The ecological

status of M. conchorum is also discussed.

Meristically, Menidia conchorum and M. penin-

sulae differ to an extent that could by traditional

taxonomic analysis be considered distinct species.

Electrophoretically, M. conchorum does differ from

M. beryllina and M. colei, but not from M. penin-

sulae. We feel that in Menidia, the electrophoretic
data are more reliable than the meristic data be-

cause of environmental influences on meristics.

Therefore, we conclude that M. conchorum and M.

peninsulae are conspecific. The name Menidia

peninsulae has nomenclatural priority. Johnson's

(1975) distinction between M. beryllina and M.

peninsulae is also supported.

Introduction

The genus Menidia as currently recog-
nized contains eight or nine species

(Robbins, 19(39; Johnson, 1975; Echelle

and Mosier, 1981,1982; Chernoffet a!.,

1981): Menidia menidia (L) from New-
foundland to northeastern Florida; M.

beryliina (Cope) from Massachusetts to

Vera Cruz, Mexico; M. audens Hay, Mis-

sissippi Valley, considered conspecific
with M. beryllina by Chernoff et al.

(1981); M. extensa Hubbs and Raney, re-

stricted to Lake Waccamaw, North

Carolina; M. peninsulae (Goode and

Bean), Atlantic coast from northeastern

Florida to Ft. Pierce, Florida, and on the

Gulf of Mexico coast from Marco Is-

land, Florida to near Brownsville, Texas

(eastern and western Ciulf populations

may be allopatric, CMiernoff et al.,

1981); M. clarkhubbsi Pxhelle and

Mosier, an all female species from the

Texas Gulf coast; M. concborum Hilde-

brand and (iinsburg, Florida Keys; and

M. colei Hubbs, Yucatan, Mexico.

Menidia colei was placed with M. con-

chorum in a new genus, Menidiella, by
Schultz (1948). This action has not been

generally followed. Miller (19()(3, 197(3)

allocated M. colei and M. couchonnn to

the genus Menidia even though no data

were presented, nor other studies cited,

to support such a decision. We follow

Miller (19(5(3,1976), although we feel

that a critical generic level study is in

order. Since M. colei and M. conduninn

were originally considered by Schultz
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(1948) to be closely related, we include

an examination of the relationships of

the two forms in this paper, in addition

to comparisions of M. conchorum to M.

beryllina and M. peninsulae. We do not

treat further the generic level

taxonomic problem.
The Key Silverside, Menidia con-

chorum Hildebrand and Ginsburg
(1927), is distinguished from other

Menidia by its low anal fin ray number

compared to all species except M. colei

and by its small size. Gilbert (1978)
noted that the Key Silverside could also

be distinguished by its lower number of

lateral and predorsal scales. Only M.
colei has lower numbers for these traits

(Tables 2-5). Air bladder morphology
has been used to distinguish M. beryllina

from M. peninsulae (Echelle and Mosier,

1981), and M. conchorum resembles M.

peninsulae in this trait. However, use of

this trait for identification has been con-

troversial and we refer the reader to

Echelle and Mosier (1981, 1982), Ed-

wards et al. (1978) and Chernoff et al.

(1981). We feel that the trait can be used

for field identification, and thus follow

Echelle and Mosier (1981). In addition,

Chernoff et al. (1981) showed that in

M. peninsulae the anal fin originates
under the last precaudal or first caudal

vertebra, while in M. beyyllina it origi-

nates one or two vertebrae farther for-

ward. Menidia conchorum again resem-

bles M. peninsulae in this characteristic.

Based on its limited geographic dis-

tribution in the lower Florida Keys, M.
conchorum was designated as an en-

dangered species (Gilbert, 1978). Con-
tinued investigation has resulted in the

gradual extension of the known range
of M. conchorum. Hildebrand and

Ginsburg (1927) and Robbins (1969) re-

ported M. conchorum only from Boca
Chica (near Key West in the lower Flor-

ida Keys). One of us (KR) collected the

species at Big Pine Key in 1965. Johnson
(1975) and Miller (1976) considered M.
conchorum a rare species, but Gilbert

(1978) reported Key Silversides to be

wide-spread in the lower Florida Keys.
Field collections for the present study
revealed seemingly large populations of

M. conchorum in the middle Florida Keys

(Long and Grassy Keys) as well, narrow-

ing the gap in the presumed allopatric
distribution of M. conchorum with re-

spect to congeners M. beryllina and M.

peninsulae.

In the present study, we define the

relationships of the nominal M. con-

chorum by use of both morphological
and biochemical characters to other

Menidia species, and examine variation

within the nominal M. conchorum. This

has necessitated examination of meris-

tic, morphometric and electrophoretic
traits for M. conchorum, M. peninsulae. M.

colei, M. beyyllina and M. menidia. The
latter is only marginally treated as it is

quite distinct and geographically far re-

moved from M. conchorum. The lacus-

trine M. extensa and the nominal M. au-

dens are not considered. Menidia clark-

hubbsi, of presumed hybrid origin (see

Echelle and Mosier, 1981, 1982) is

likewise not considered. We include

biochemical data for M. colei only for

comparative purposes to M. conchorum,

not for analysis in itself, as Echelle will

report more extensive data for that

species.

Materials and Methods
Maierials.—Between June, 1977 and

December, 1979, 840 individuals from

21 localities (see locality data and Figure

1) were collected. Collections oi^ Menidia

were made with a seine or by dipnetting
from a shallow draft boat at night.

Menidia species were separated by taxon

when more than one taxon occurred at

a locality, and then each species collec-
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Fig. I. C'.ollettion localities. Niimbeis and letter.s refei to populations used tor electioplioiesis (see

Methods and Materials). Symbols: # = M. hfijlliiui, ^ = M. colei, -k = A7. roiuiionnn, O = '^1 Iwnmsuhie,
i? = M. me nidi(I.

don was subdivided into two groups of

at least 20 individuals per group. One

sub-group was preserved in 10% buf-

fered formalin and used for mor-

phological analysis. The other subgroup
was placed in a plastic bag, covered with

the water in which it was collected, and

placed on a block of dry ice until re-

turned to the laboratory. Once in the

laboratory, the preserved specimens
were washed overnight with tap water

and transferred to 40% isopropanol,
and the frozen specimens were stored

at -70° C until used for electrophoresis.

Localities.—Menidia conchonim: Flor-

ida, Monroe Coimty: population
number 1) Long Key (20 specimens foi-

electrophoresis; 40 specimens for mor-

phological analysis); 2) Grassy Key
(20;24); 3) Big Pine Key (20;30), 4) Cud-

joe Key (20;26). and 5) Rockland Key
(20;29).

Menidia peninsidae: Florida: 6) Bre-

vard (>o., Indian River near Titusville

(20;30); 7) Brevard Co., Sebastian Inlet

(20;35); 8) St. Lucie Co., Indian River

at Ft. Pierce (20;41); 9) Collier Co.,

Tigertail Beach, Marco Island (20; 30);

10) Hillsborough Co., Anna Maiia

Beach, Tampa Bay (20;30); and 11)

"Wakulla Co., St. Marks Lighthouse

(20;30). Texas: 12) Galveston Co., San

Luis Pass (20;3()), 13) Cameron Co.,

Brownsville (20;3()), and one additional

population not used for electrophoresis
from Aransas Co., ("orpus Christi beach

at Ro( kport (30).

Menidia hetyllina: Florida: 14) l)u\al

Co., jack.sonville (2();30), 15) Broward

Co., beerfield Beach (20;24); 16) Mon-
roe Co., Key Largo (20;35); 17) Collier
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Co., 2 km north of Marco Island

(20;30); 18) Hillsborough Co., Alafia

River at Federal Highway 41, Tampa
Bay (20;26); and 19) Wakulla Co., St.

Marks Lighthouse (20;30). Texas: 20)

Chambers Co., Gilchrist Inlet (20;30);

21) Galveston Co., San Luis Pass

(20;30); and two localities not used for

electrophoresis, one from Florida, Dade

Co., Miami, pond at University of

Miami (29) and one from Texas, Nueces

Co., Corpus Christi, Mustang Island

State Park (30).

Meuidia menidia: 22) Florida, Duval

Co., St. Johns River (20;30).

Menidia colei: Mexico: A) 2.1 km
south of Progreso (20;35); B) Rio Lagar-

tos, beach on west side of city (20;35);

and C) State of Quintana Roo, Chiqtiila

(20;40).

Morphological Methods.—
Counts and measurements, taken from

the left side of the body, followed

Hubbs and Lagler (1958). Measure-

ments from adult specimens (greater

than 35mm SL) were recorded to the

nearest 0.1mm with dial calipers and

were converted to a percentage of

standard length. Measurements are not

reported as none, in our opinion, pro-
vided significant data, but are available

in Duggins, 1980 (impublished Ph.D.

dissertation, Florida State University) or

from the senior author upon request.
Fotu" meristic characters were of interest

in this study: number of anal fin rays,

predorsal scales, lateral scales, and ver-

tebrae (recorded from radiographs).
Other traits did not yield significant re-

sults and are not reported. Fhese data

are also available from the senior author

upon request.
Meristic data were analyzed by com-

parision of mean values by a t-test with

significant level set at p<0.{)l.

Specimens used for morphological

analysis were deposited in the

Ichthyological collection at Florida State

University, now housed at the Florida

State Museum, Gainesville.

Electrophoretic Methods.—
To obtain protein samples for elec-

trophoresis, entire individuals were

homogenized in an equal volume of

chilled distilled water; the sliury that re-

sulted was centrifuged at 25,000g at

4° C for 60 min. The supernatant of

water soluble proteins was decanted and

stored at 4° C overnight, a maximum of

18 hours prior to electrophoretic sep-

arations. At the conclusion of the study,

individual tissues (liver, muscle, eye)

were subjected to electrophoretic sep-

arations to ascertain the source of each

isozyme (Table 1).

Table 1 lists the 27 loci coding for

proteins surveyed in this study.

Techniques of starch gel electrophoresis
were similar to those described by Bre-

wer (1970) and Selander et al. (1971)

with the following modifications: Gp,
Est, Gpi, and Ldh were resolved on the

LiOH discontinuous ion system de-

scribed by Selander et al. (1971) and

Adh, GA-3-pdh, Sod, Ak, G-3-pdh,
Gldh, Icdh, Mdh, Pgdh, Pgm and Xdh
were surveyed on the tris-citrate-EDTA

pH 7.1 ion system described by Ayala et

al. (1972). Staining for Gldh was mod-

ified from Buth and Berg (1979) to con-

tain 9.0g D-glucose, 0.005g each of

NBT, MTT, PMS and O.Olg of NADP.
All gels were 12.5% starch (Electros-

tarch. Lot 307, Otto Hiller Electrostarch

Co., Madison, Wisconsin).

The locus nomenclature system fol-

lows Fisher et al. (1980) and Crabtree

and Buth (1981). When electromorph

(allelic) variation occurred, the elec-

tromorph with the greatest anodal mig-
ration was called a, the next b, and so on.

Electrophoretic data were sum-

marized with Nei's (1972) standard

genetic distance statistic, D. Average
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TABLE I. Kn/\ nies s\siiiiis sLir\i-\c(l in lliis siikIn.

F.ii/\ iiif I.OlllS I issiK' rxamiiR'd

Alcoliol (Iflndiogeiiase

Ackii) laic kinase

Esterase

CliKose (Iflnclioireiiase

(iliKoscphospliate isonierase

(il\ceraldt'li\clc-;^- phosphate
clehxdrogenase

alpha-Glycerophosphate
dehydrogenase

1 sot it rale deh\ch()genase

Lactate deli\ drogenase

Maiate dehydrogenase

(NAD-dependent)
Non-enzymatic proteins

Superoxide dismntase

Phosplioghuonuilase

Phosphoghiconate dehydrogenase
Xanthine deii\clrogenase

Adh
Ak
Est-L2
C.ldh

(.pi -A

(;pi-B

(;A-;'.-pdii-A

(;A-3-pdii-C

(;-3-pdh-B

M-Icdh-A
S-Icdh-A

Ldh-A
Ldh-B
Ldh-C

S-Mdh-A,B

Gp-L2,3.4
Sod

Pgni-A,B

Pgdh-A
Xdh-A
Xdh-B

li\ei

muscle

liver/muscle

liver

muscle

muscle

muscle

liver

li\ei

must Ic

liver

muscle

muscle

eye

eye/li\er/nuiscie
liver/muscle

liver

muscle

muscle
liver

muscle

genetic distances (D) and standard de-

viations were derived from the standard

genetic distance matrix as the arithmetic

means and the standard deviations

about those means.

Status

Menidia conchorum is an elusive tish,

thus collections of this fish have been

few. The species is, however, common
and found in protected mangrove bor-

dered coves of the lower Florida Keys,

notably Rockland, C'-udjoe and Big Pine

Keys. We feel that turther sampling
would show that it occins throughout
the lower Florida Keys. In oiu' fieldwork

we also found large populations in the

middle Florida Keys (Grassy and Fong
Keys), in ecological conditions similar to

those of the lower Florida Keys. Fhe

species forms fast moxiiig schools din-

ing the day. Fhis plus the soft coralline

marl substrate make them difilculi to

seine. The Key Silverside is nuich moie

easily caught I)) dipnet at night from a

shallow draft boat, a method that was

successful for us.

It is probable that much habitat suit-

able for M. conchorum has been de-

stroyed by road construction and com-

mercial development, especially in the

upper Florida Keys and aroimd Ke\

West. Of note is that Fowler (1943) re-

ported Moiidid (possiblv A/, conc/ionini)

from Big (Upper) Matei iimbe Ke\ . l)ut

Robbins (H)69) was imable to (oiifiiin

that record. Fowler (1945) clearly de-

lineated between Menidia and

Alhrrinnniorns (the Hardhead .Siherside)

in his monograph, and we ha\e no

reason to doubt the \alidity of the Big
Matecumbe record (.A Moiidia. Fhis Key
is only a few kilometers up the Florida

Ke\s from Fong Ke\ , the current noith-

ernmost Key known to ha\e a popula-
tion of A7. conc/iornni. Fhe spec ies ma\

still exist at uppei .\Iate(uml)e Ke\, oi

it could have been extirpated. It is also

possible that Fowler's (1945) record

(oiild li.i\e been .\/. hn\llni(i. which we

haxe collected still laither iioiih (Key
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Largo), but not as far southward in the

Florida Keys as Big Matecumbe.
It is unlikely that M. conchorum is re-

stricted to the Florida Keys contacted by
Federal Highway 1; there are probably

populations on outlying Florida Keys.

Although individual Key Silverside pop-
ulations are seemingly large, we would
caution that these populations should

still be considered endangered, even

though we believe that Florida Keys

populations represent southernmost M.

peninsidae (see conclusions).

Analysis ov Meristic: Variation

Four meristic traits are reported in

the present paper (Tables 2-5). Within

the Tables, populations of each species
are grouped, and within a species the

populations are reported from north to

south on the Florida east coast and in

the Florida Keys; thence around the

Gulf of Mexico from east to west and

into Yucatan (see Figure 1). The Tables

indicate statistically significant (p<0.01)
differences between mean values of

geographically adjacent populations.

Important statistically significant mean
values not indicated in the Tables are:

anal fin rays
—

1) Long KeyM. conchorum

vs. Marco Island M. peninsulae and
Marco Island M. beryllina; Long Key M.
conchorum vs. Key Largo M. beryllina 2)

Marco Island M. peninsulae vs. Ft. Pierce

M. peninsulae; Marco Island M. penin-
sulae vs. Marco Island M. beryllina 3)

Marco Island M. beryllina vs. Key Largo
M. beryllina 4) M. colei vs. Florida Keys
M. conchorum and Brownsville popula-
tions of M. beryllina and M. peninsulae.
Predorsal scales— 1) Long Key M. con-

chorum vs. Marco Island M. beryllina 2)

Marco Island M. boyllina vs. both Key
Largo M. beiyllina and Marco Island M.

peninsulcw 3) M. colei vs. Florida Keys M.
co)uhorum and Brownsville populations
oi both i\I. beryllina and M. peninsulae.

Lateral scales— 1) Long Key M. con-

chorum vs. Marco Island M. peninsulae,
Marco Island M. beryllina and Key Largo
M. beryllina 2) Marco Island M. penin-
sidae vs. both Ft. Pierce M. peninsulae
and Marco Island M. beryllina 3) Marco
Island M. beryllina vs. Key Largo M. be-

ryllina 4) M. colei vs. Florida Keys M. con-

chorum and Brownsville populations of

both M. peninsidae and M. beryllina. Ver-

tebral nimiber 1) Long Key M. con-

chorum vs. Marco Island populations of

both M. beryllina and M. peninsidae 2)

Marco Island M. beryllina vs. Marco Is-

land M. peninsulae and Key Largo M. be-

ryllina 3) M. colei vs. Florida Keys M. con-

chorum and Brownsville populations of

M. beryllina and M. peninsulae.

Meristic traits in Menidia are exceed-

ingly difficult to analyze. Within a given

species, some populations can be more
different from other populations than

they are from nearby or sympatric pop-
ulations of a different species. For

example, for the four meristic traits pre-
sented here (Tables 2-5), Key Largo M.

beryllina are quite different from all

other M. beryllina. However, they also

differ from M. peninsulae, and are elec-

trophoretically clearly M. beryllina. They
are, however, more similar to adjacent
M. conchorum. in meristic traits, but not

electrophoretically. Similarly, the Rio

Lagartos population of M. colei is mar-

kedly different for the four meristic fea-

tures from other M. colei populations,
but does not differ electrophoretically.
In Menidia, there is little intraspecific

electrophoretic variation, but there is

marked intraspecific meristic variation,

either clinally or within a local popula-
tion for no evident reason.

Analysis is presented here as vari-

ation within a species and then by a

species to species comparision, followed

by a summary.
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Intraspfx:ific: variation.—Meyiidm

beryllina
—Considerable inter-popula-

tion variation exists with statistically dif-

ferent means between adjacent popula-
tions, i.e. Miami and Key Largo, and

Key Largo and Marco Island, for anal

fin rays; between Jacksonville and Deer-

field, Miami and Key Largo, Key Largo
and Marco Island, and Marco Island

and Tampa for predorsal scale number;
between Miami and Key Largo, Key
Largo and Marco Island, and Marco Is-

land and Tampa for lateral scale

number; and between all adjacent At-

lantic coast populations, and Key Largo
and Marco Island, and Marco Island

and Tampa for vertebral number. In

general, there are sharp clinal patterns
with decreasing counts southward on
the Atlantic coast, but there is less

marked variation in the Gulf of Mexico.

There is not much similarity between

Gulf of Mexico and Atlantic coast popu-
lations, and the southernmost popula-
tion at Key Largo has markedly lower,

statistically significant, counts for all

traits.

Menidia peninsulae
—Between popu-

lation variation is less marked in this

species than in M. beryllina. Atlantic

coast populations are rather uniform
for the traits studied. Statistically signif-

icant differences exist for all traits be-

tween eastern and western Gulf of

Mexico populations, a fact also noted by
Chernoff et al. (1981). Some differenti-

ation between Gulf of Mexico and At-

lantic populations is also indicated.

North-south clinal patterns are not evi-

dent, in contrast to M. berylUiia.

Menidia conchorum—Middle Florida

Keys populations tend to have higher
counts than lower Florida Keys popula-
tions. Some clinal gradation is evident,

especially for lateral scale number. Mid-

dle and lower Florida Keys populations
do differ at a significant level for pre-

dorsal scales and vertebral number. The
data do not suggest, however, any more
marked inter-population variation ihan

occurs in M. peninsulae, and less than in

M. beryllina.

Menidia rolei—In all traits examined
the Rio Lagartos population had mai-

kedly higher means than the Progreso
and (Ihiquila populations. Based on
these four traits alone, the Rio Lagartos

population could certainly be recog-
nized as specifically distinct from the

other two. Fhis is at odds with the elec-

trophoretic data presented later in this

paper, however, and no conclusion is

drawn from the meristic data alone at

this point. It should be emphasized that

the meristic differences exhibited by the

Rio Lagartos population (as compared
to other M. colei populations) is no

greater than that shown by the Key
Largo population of M. be)yllina (as

compared to other M. beryllina popula-
tions).

The meristic variation exhibited by
the above Menidia species is remarkable.

It may reflect a considerable influence

of environmental conditions on meristic

traits during development, genetic drift

or some especially strong local selection.

Oin- data are in strong suj3j)()rt of (iher-

noff et al.'s (1981) conclusion thai

Menidia are phenotypically plastic.

Interspecific CIomparisions.—
Menidia beryllina and M. peninsulae

— Al-

though a comparision of these species

has been done by others (Johnson,

1975), we include brief observations

which have a bearing on the relation-

ship of A/, eonehornni to both species. At-

lantic coast populations of M. benllina

and M. peninsulae taken as a whole have

statistically different means for anal fin

ray niunber, predorsal scale number
and n umbel of vertebrae. Key Largo

j)opulations of M. betyllina are more
similar lor anal fin rays and predoisal
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scale number to M. peninsulae than to

other M. benllina populations. How-
ever, these Key Largo M. berylUna differ

markedly from M. peninsulae in ntmiber

of lateral scales and vertebrae. Gulf of

Mexico populations of M. berylUna and

M. peninsulae differ in number of pre-
dorsal and lateral scales, btit meristic

differences in general are not as great
as between Atlantic coast populations of

the two species.

Menidia benllina and M. conchorum—
Comparision of M. berylUna populations

adjacent to M. conchorum involves com-

parision of Key Largo and Marco Island

M. berylUna to Long Key M. conchorum.

Key Largo M. berylUna differ signific-

antly from Long Key populations in the

number of anal fin rays and lateral

scales, while Marco Island M. beiyllina

differ significantly from Long Key M.

conchorum in all four traits presented
here. For one trait, number of predorsal

scales, Key Largo M. benlUna and Long

Key M. conchorum are quite similar, but

so is Ft. Pierce M. peninsulae. Of note is

that M. berylUna from Key Largo, Ft.

Pierce M. peninsulae and Long Key M.

conchorum are all more similar to one

another for the number of predorsal
scales than middle Florida Keys M. con-

chorum are to lower Florida KeysM. con-

chorum. For number of vertebrae, Key

Largo M. berylUna are also quite similar

to M. conchorum, while M. peninsulae dif-

fers significantly from M. conchorum for

this trait.

In sinnmary. Key Largo M. berylUrui

are more similar in meristic traits to M.
coruhorum from Long Key than to M. be-

rylUna from Marco Island, and middle

Florida Keys M. conchorum are more
similar to Key Largo M. beryllirm than to

lower Florida Keys M. conchorum. We
feel that these counts are quite probably
under environmental influence—differ-

ent species (i.e. M. berylUna and M. con-

chorum) from the same or nearby
localities are more similar than popula-
tions of the same species from different

localities.

Menidia peninsulae and M. con-

chorum—The Fort Pierce (Atlantic coast)

population of M. peninsulae is statisti-

cally different in the number of anal fin

rays, lateral scales and vertebrae from

Long Key M. conchorum. The same three

traits distinguish Marco Island M. perun-
sulae from Long Key M. conchorum. The

magnitude of these differences could be

interpreted as that of species level dif-

ferentiation, althotigh clinal variation,

with counts decreasing southward, is

evident on the Florida Gtilf coast. Elec-

trophoretic data presented later, how-

ever, show no differences between M.

peninsulae and M. conchorum.

Menidia colei and M. conchorum, M.

berylUna and M. peninsulae
—Menidia colei

can be clearly distinguished from these

three other species on the basis of all

four traits presented. There is no basis,

from meristic data, to conclude a closer

relationship of M. colei to M. conchorum

or to either M. beryllirm or M. peninsulae

populations from southern Texas.

In summary, meristic data clearly

delineate M. conchorum from M. colei

and to a lesser degree from M. berylUna

and M. peninsulae. Menidia conchorum is

as different from M. peninsulae in meris-

tic traits as it is from southernmost M.

berylUna populations. In fact, middle

Florida Keys M. conchorum are more

similar overall to Key Largo M. berylUna

then to either M. peninsulae or lower

Florida Keys M. conchorum, indicating

an environmental influence on meris-

tics. This statement ignores, however,

the north-south clinal trends in M. con-

chorum and M. peninsulae and the al-

lopatry oi M. conchorum and M. berylUna.

The only decision relative to M. con-

chorum that can be made with these
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TABLE 6. Electromoi pli Ircijuciuics in Mnmln (Population sMiibols: c() = .\/. laln. (iii = .\/. (hikIiihiihi.

p=M. peninsuhw, h=M. htnllina, m.=M. mcnidia).

CO km 2(111 ;^(.iii 1(111 ")( 111 (ip 7)) S|) 'Jp lOp lip Tip

Gpi-A (I 0.03 0.12 ().().") 0.12

h 0.04 0.70 0.10 0.70 0.03 0. (").') 0.17 0.17 0.r)8 0.2.3 0.07 0.1")

( 0.90 O.fi."! 0.20 0.80 0.27 0.90 0.20 O.")!) ()..3.3 .0.25 0.50 0.50 0.77

d 0.45 0.10 0.07 0.03 0.05 0.0,". 0.;'.0 0.30 0.05 0.23 0.:'.8 0.08

e 0.0} 0.05

Gpi-B (I

b

I

d

0.08

1.0 0.80 1.0 1.0 0.84 0.08

0.20 0.08 0.32

0.03 0.03

0.05 0.03 0.03 0.05

.0 1.0 1.0 0.95 0.94 0.9 1 0.95

AK
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Est-3 (t
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TABLE 6. (Continued)

13p
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j)ossessed no electromorphs that were

not also found in either M. peninsiilae or

M. hen'llina. Data for these loci are also

not presented in tabular form.

Electromorph frequencies for Gpi-
A,B demonstrated marked perturba-
tions among samples. A rare elec-

tromorph (a) for Gpi-B was found at a

nearly fixed difference level in M.

tnenidia (93%). Menidia conchorum and
M. peninsiilae were similar for Gpi-A,B-
(Table 6).

Alternative species specific elec-

tromorphs were found for Ak, Gp-
1,2,3, M-Icdh-A, S-Icdh-A, Pgm-B and
Est-3 (Table 6). Menidia beryllina was

completely differentiated from all other

samples by electromorphs for Est-3 and
from all except M. menidia by Ak. In ad-

dition, Pgm-B affords a nearly fixed dif-

ference from M. peninsiilae (and M. con-

chorum). As noted by Johnson (1975),

Texas populations of M. peninsulae
share the otherwise species specific Gp-
2 {b) electromorph foimd in M. betyllina.

Although the above three (or four in-

cluding Gp-2) loci clearly differentiate

M. beryllina and M. peninsulae, no species

specific electromorphs were found to

differentiate M. peninsulae and M. con-

chorum. There is no evidence from the

genetic data to suggest M. conchorum

hybridizes with M. beyyllina; no

heterozygotes were observed for Ak,

Gp-2 or Est-3. No evidence was found

to suggest that M. conchorum and M.

peninsulae were differentiated to the de-

gree that hybridization could be de-

tected by electrophoretic analysis.

Menidia me)iidia is completeh dif-

ferentiated by Est-3, Gp-1,3, S-lcdh-A

and Pgm-B from other Menidia. Menidia

colei is difTerentiated from all other {pop-

ulations by M-Icdh-A, S-Icdh-A and
shows marked frequency differences

from other Menidia species at Est-3.

Three populations of M. colei were

analyzed and showed virtuallv no inter-

population variation (!)
= (). 008). In

summary, M. conchorum differs from M.

beryllina and M. colei at four loci, and
from M. menidia at eight. However, M.
conchorum and M. poiinsulae do not have

any fixed differences and show no indi-

cation of major gene frequency differ-

ences.

Because closely related species that

have begtm to diverge may be differen-

tiated by only subtle differences in gene

frequencies (Ayala et al., 1974; A vise,

1974; Mayr, 1963), genetic distance esti-

mates, D, were calculated from the elec-

tromorph frequency data. Values for

pairwise comparisions within and be-

tween species are reported in Table 7.

Interspecific values ranged from 0.027

{M. conchorum vs. M. peninsulae) to a

maximum of 0.394 (M. colei vs. M.

menidia). The genetic distance of Af. colei

to M. peninsulae, M. conchorum. and M.

benllma was 0. 1 77, 0.205, and 0.24 1
, re-

spectively. Menidia colei is not clearly

more closely related to one than the

other, and certainly there is no evidence

from biochemical data that M. colei and

M. conchorum are especially closely re-

lated and should be separated into

another genus.

TABLE 7. Mean ireiiftic clistaiue wiiliiii ami hciwix-n 3 spct ifs ol WciikIki.

rail' (onchorutn hcnIliiKi j)(ttiiisul(i('
''tiifliii

colei



148 Tulane Studies in Zoology and Botany Vol. 25

The average standard genetic dis-

tances (D) within taxa were small and

consistent: D= 0.024± 0.011 for M. con-

choruni; 0.027 ± 0.021 ior M. peninsulae;

0.028 ± 0.013 for M. beryUina, and

0.005 ± 0.004 for M. colei. The D values

between either M. conchorum or M.

peninsulae and M. beryllina (D= 0.195±
0.024 and 0.200± 0.013 for M. con-

chorum and M. peninsulae vs. M. beryllina,

respectively), were similar and an order

of magnitude greater than within taxa

values. However, D values between M.
conchorum and M. peninsulae (D= 0.027 ±

0.022) were an order of magnitude
smaller than the values observed be-

tween other taxa. This smaller value is

on the order of values observed between

conspecific fish populations (Avise,

1974).

We interpret these results to cor-

roborate the initial genetic result, that

of no genetic differentiation between M.
conchorum and M. peninsulae. We and
others (Johnson, 1975) have de-

monstrated that M. peninsulae and M. be-

ryllina are readily distinguishable species
based on biochemical characters and we
observe large average genetic distances

between them (D= 0.200). On the other

hand, no species specific electromorphs
were found to differentiate M. con-

chorum from M. peninsulae, and both of

these forms are differentiated from M.

beryllina by the same set of traits. The
smallest genetic distance values were ob-

served between M. conchorum and M.

peninsulae. Furthermore, the observed

genetic distance values between these

nominal species were on the order ex-

pected and observed between con-

specific populations.

Systematic Conctusions

Johnson (1975) studied morphologi-
cal and electrophoretic characters in

five species of Menidia. He concluded

that M. peninsulae and M. beryllina were

sibling species, but he did not consider

the systematic position of M. conchorum.

He followed Miller (1976) and accepted
the view that Key Silversides were rare

and restricted to the lower Florida Keys.
As noted earlier, our field collections re-

vealed populations of M. conchorum in

the middle Florida Keys (Long and

Grassy Keys), thus suggesting a more

wide-spread and northerly distribution

than previously recognized.
The possibility that the populations

of iVf. conchorum we found in the middle

Florida Keys represent recently

founded or introduced populations
should be considered. However, we
know of no basis for such an assump-
tion. In such cases of founder popula-

tions, a genetic "bottleneck" may be

created and heterozygosity is depressed
as compared to long established popula-
tions (Soule, 1976). We calculated aver-

age individual heterozygosity H (Soule

and Yang, 1973) for M. conchorum and

the populations of the other species of

Menidia examined in this paper. Aver-

age heterozygosities (Table 8) in all

species populations ranged from 1.13%

(Brownsville, Texas population ofM. be-

ryllina) to 10.20% (Tampa, Florida pop-
ulation of M. peninsulae); the

heterozygosities for Grassy Key (2.88%)
and Long Key (4.11%) were not de-

pressed. Based on the robustness of the

middle Florida Keys populations as ob-

served in the field and the lack of de-

pressed heterozygosities, we conclude

that there is no evidence that middle

Florida Keys populations of M. con-

chorum represent newly founded popu-
lations. We suggest collecting efforts in

the past were inadequate, and that

other, as yet undiscovered northern

populations and populations on outly-

ing Florida Keys, exist.
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