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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental
requirements of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxocnomy, life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be added as they are prepared.
This project is jointly planned and financed by the U.S. Army Corps of Engineers
and the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to one of
the following addresses.

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-Slidell Computer Complex
1010 Gause Boulevard

Slidel1, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER-C
Post Office Box 631
Vicksburg, MS 39180
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Adult female killifish

Figure 1.

Mummichog and striped killifish.

MUMMICHOG AND STRIPED KILLIFISH

NOMENCLATURE/TAXONOMY /RANGE

Fundulus hetero-
(Robins et al.

Scientific name
clitus (Linnaeus)
1980)

Preferred common name
(Figure 1, top)

Other common names mud minnow,
pike minnow, mud dabbler, gudgeon
(Hildebrand and Schroeder 1928);
saltwater minnow, killie, mummie
(Ursin 1977); marsh minnow (Teal and
Burns 1979); common killifish,
brackish water chub (Northcutt and
Davis 1983)

mummichog

Class .vviviiniiiennannnns Osteichthyes
Order ........ ..., Atheriniformes
Family ................ Cyprinodontidae
Geographic range ............. Gulf of

St. Lawrence south to northeastern

Florida (Figure 2). (F. grandis,
previously F. h. grandis, includes

populations which range from peninsu-
lar Florida to Tampico, Mexico.)
Also found on Sable Island, Nova
Scotia (Garside 1969) and Bermuda
(Rosen 1973). Salt, brackish, and
freshwater (Rosen 1973); character-
istically close to shore (Daiber
1982).
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Figure 2. Mid-Atlantic coast distribution of mummichog and striped
killifish. Both are found the entire length of the Mid-Atlantic region
close to shore (within 110 m for mummichogs: Armstrong and Child 1965) and
in bays, estuaries and tidal creeks (Hardy 1978). Striped killifish
penetrate tidal rivers only as far as the mean boundary between fresh and

brackish water; mummichogs penetrate as far as 75 km beyond this boundary
(Massman 1954).
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Recent systematic studies On the
basis of differences in egg morphol-
ogy, gene frequencies, and spawning
sites between populations north and
south of northern New Jersey, Morin
and Able (1983) proposed retaining
the subspecies names F. h. hetero-

clitus for the southern population
and F. h. macrolepidotus for the
northern. Populations in the upper

Delaware and Chesapeake Bays seem to
be relicts of the northern sub-
species. (These distributions do not
match those of the subspecies as
originally named.)

Scientific name Fundulus majalis
(Walbaum) (Robins et al. 1980)

Preferred common name
killifish (Figure 1, bottom)

Qther common names bull minnow,

striped

gudgeon (Hildebrand and Schroeder
1928); striped mummichog, banded
killifish, killie, mummie (Ursin
1977)
Class . .ovviniiiinninnnn. Osteichthyes
Order .................. Atheriniformes
Family ................ Cyprinodontidae

Geographic range New Hampshire
south to northeastern Florida (Figure
2). Mainly in saltwater, less often
in brackish (Rosen 1973). Most
authors do not record it from
freshwater (but see Hardy 1978).
(See also "Salinity.")

MORPHOLOGY/IDENTIFICATION AIDS

The name ‘“killifish" may be
applied to members of three families:
Cyprinodontidae, Anablepidae, and
Poecilidae (Rosen 1973). Killifishes

are soft-rayed, with no dorsal spine or
spine preceding the anal fin. Most
species are sexually dimorphic. Sexes
are polymorphic with respect to pigment
patterns and body and fin shape and
size. Rosen (1973) suggested fin-ray
and scale counts to identify correctly
males and females within species. His
paper contains a key to species of
these three families.

In the Cyprinodontidae there is no
lateral line and the upper surface of
the head 1is conspicuously flattened
(Hardy 1978). The anal fin in the male
is not modified as an intromittent

organ, and the third anal ray is
branched. In the Fundulinae the jaw
teeth are conical without cusps. Among

members of the genus Fundulus, the body
is not sharply angular or trapezoidal,
and there 1is more than one series of
jaw teeth (Rosen 1973). The mouth is
terminal or the lower jaw projects
slightly (Hildebrand and Schroeder
1928).

In both mummichogs and striped
killifish, males are smaller than
females after the first year. The
origin of the dorsal fin in the male is
directly above or 1in advance of the
origin of the anal fin (Rosen 1973).

The caudal fin is rounded in both
species (Hardy 1978).
Fundulus heteroclitus: The snout is

short, rounded, a little longer than
diameter of eye in side view, with 8
mandibular pores. A well-developed
fleshy pouch is found at the anterior
base of the anal fin. Scales along
the lateral line number 31-35 (Rosen

1973, but Hardy 1978 gives 31-39).
There are 11-12 dorsal fin rays
(Hildebrand and Schroeder 1928).

There is no conspicuous silvery sheen
on the sides; adult females have no
dark spot on dorsal fin (Rosen 1973),
and are brownish-green above, paler
below. Small females have 13-15 dark
vertical bars (Hildebrand and
Schroeder 1928); adult females may be
confused with those of F. con-
fluentis (Rosen 1973). Adult males
are dark green or olive above, yellow
beneath; have sides with about 15
narrow silvery vertical bars and
numerous white or yellowish spots;
and may have a dark spot on posterior
4-5 rays of dorsal fin. Sex-specific
color patterns appear when fish are
38-44 mm long (Hildebrand and
Schroeder 1928); until then, young
may be confused with adult female F.
luciae (Rosen 1973). Adults are



commonly 51-102 mm Tlong (Armstrong
and Child 1965). The largest
specimen reported from Chesapeake Bay
was 125 mm (Hildebrand and Schroeder
1928). (Throughout  this  paper,
length measurements are as noted by
the original authors. Total Tlength
may be assumed where the authors did
not specify standard Tength.)

Fundulus majalis:
pointed,

The snout is Tlong,
and a Tittle Tess than two
eye diameters in profile (Rosen
1973). Overall body shape is slimmer
than that of F. heteroclitus (Ursin
1977). There are 13-15 dorsal fin
rays (Hildebrand and Schroeder 1928);
and 32-37 scales in lateral series
(Hardy 1978). A conspicuous silvery
sheen appears on the sides of young
and adults of both sexes (Rosen
1973); adults of both sexes have a
black spot on the last rays of the
dorsal fin. Adult females have one
to several dark longitudinal 1lines
and one or more disrupted vertical
bars near the base of the tail; adult
females are olive above, white below.
Adult males are dark olive on back,
and their sides and belly are salmon

yellow, with 15-20 vertical black
stripes (Hildebrand and Schroeder
1928; Hardy 1978 gives 11-20
stripes). Sex-specific color

patterns appear when fish reach 38-51
mm (Hildebrand and Schroeder 1928);
the young have bars similar to those
of males (Rosen 1973). This species
is the largest member of the genus in
the study area; it frequently reaches
152-178 mm. The record is 203 mm
long (Ursin 1977).

REASON FOR INCLUSION IN SERIES
Although not valued as commercial

or sport fishes, both killifishes are
important in food chains because of

their distribution and abundance. (See
also "Predators.") Because of their
importance in marsh food chains,
mummichogs may be instrumental in

movement of organic material withiq and
out of salt marsh ecosystems (Kneib et

al. 1980). (See also
Patterns” and "Food Habits.")

"Movement

Mummichogs are sold as bait in
sport fisheries for summer founder
or fluke (Paralichthys dentatus) and
young bluefish or snappers (Pomatomus
saltatrix) in New York and New Jersey
(Perimutter 1961), and for flounder in
Delaware (M.H. Taylor, University of
Delaware, Newark, pers. comm.).

Mummichogs are the primary
predators in the Open Marsh Water
Management mosquito control program

currently being tested in New Jersey,
Delaware, and Maryland (Winner et al.
in press). Although Gambusia
(mosquitofish, Family Poeciliidae) is
more often used as a biological control
agent, the portion of the diet con-
sisting of mosquito larvae is higher
in studied species of  Fundulus
(grandis and confluentis). According
to Harrington and Harrington (1961),
the role of Gambusia affinis against
Aedes mosquitoes has been overvalued
because of its reputation as a predator
on freshwater anophelines; in the
control of saltmarsh  mosquitoes,
primary consideration should be given
to the local endemic cyprinodontiform
fishes rather than any single species.

As a group, killifishes are used
in research in experimental studies of
embryology, genetics, physiology,
endocrinology, cytology, and behavior.
Some of this research has important
medical implications, such as the
action of steroids in the regulation
and reversal of sexual development,
inheritance and development of
cancerous tissues, and the genetics of
histocompatability in tissue and organ
transplants (Rosen 1973).

Mummichogs are the nondomesticated
fish most frequently used in research
(Rosen 1973), including such disparate
studies as bioassay for water pollution
(Isai et al. 1979), effects of weight-
lessness in outer space (Hoffman et al.
1978), ion transport in tissues (Evans



1980), and cycling and biological
magnification of radioisotopes (Huver
1973).

LIFE HISTORY

Reproductive Physiology

During the breeding season, males
of mummichogs and striped killifish
assume a brighter coloration (Ursin
1977) and grow contact organs (Hardy
1978).

Fundulus spp. are oviparous. The
ovary is single, and the number of ova
produced depends upon the size of the
fish. The largest number of ripe ova
in a mummichog from Chesapeake Bay
counted by Hildebrand and Schroeder
(1928) was 460, in a female 98 mm long;
the maximum for a striped killifish was
540 (length not given). Hardy (1978)
gave a range of 200-800 ova for
mummichogs and 460-800 for striped
killifish in the Mid-Atlantic region.
According to Taylor (in press),
production of 100-300 eggs per day for

3-5 days is not unusual for Delaware
mummichogs early in the spawning
season. However, even early in the

spawning season in North Carolina, up
to 50% of the ova may be reabsorbed
(Kneib and Stiven 1978).

In male and female mummichogs,
the gonadosomatic index (GSI = gonad
wt/body wt x 100) rises steeply in the
spring and declines steeply in the
autumn (Kneib and Stiven 1978). GSI

fluctuates in both sexes during the
spawning season; mean GSI gradually
declines as the season progresses

(Taylor, in press). Although ripe ova
may be constantly available early in
the season (Wallace and Selman 1981),
the number of eggs laid is always
greater during spring tides (Taylor et
al. 1979). This semilunar cycle fis
most pronounced late in the spawning
season in southern populations (Taylor,
in press).

Food availability may be the
ultimate control for egg production in
mummichogs. If feeding ceases,
vitellogenesis (yolk formation) ceases
and maturational stages are flushed
from the reproductive tract; renewed
feeding causes reappearance of
maturational stages (Wallace and Selman
1980). Fritz and Garside (1975)
reported that in an estuarine
population, spawning mummichog females
averaged 65 mm long and 243 ova; in a
population in less brackish water
(0.6-15.5 ppt), averages were 60 mm and

161 ova. The difference was attributed
to lower food density in the less
brackish area. Weisberg (1981) also
attributed the reduced female GSI
observed in crowded experimental
populations to insufficient food
availability. Taylor (in press),
however, cautioned that additional
sources of stress may contribute to

reduced fecundity
in nature.

in fish populations

Spawning Season and Periodicity

The spawning seasons of mummichogs

and striped killifish vary with
latitude. In Chesapeake Bay striped
killifish spawn from April through
September; from New Jersey northward,
the season lasts from June through
August (Hardy 1978). Spawning of
mummichogs usually begins in spring

(March to May) and ends in later summer
or early autumn (July to September)
(Hardy 1978; Kneib, in press). Although
timing and duration of spawning seasons
differ, the water temperature range
over which spawning occurs is similar
(Taylor, in press).

Mummichogs may spawn eight or more
times in a season. Each spawning peak
may last five or more days and
coincides with a high spring tide of

the full or new moon (semilunar
periodicity: Taylor and DiMichele
1980). A circadian periodicity may be

superimposed on the semilunar rhythm in
some populations; maximal spawning then
occurs when high spring tides are at
night (Taylor et al. 1979). Spawning



also
1978).

occurs during the day (Hardy

Spawning in separate genetic
populations of mummichogs may be timed
by different environmental stimuli
(Wallace and Selman 1981). Spawning
rhythms may be timed by temperature
(Brummett 1966), tides, moonlight, and
salinity (Taylor et al. 1979). " Early
and late season peaks in spawning, such
as Kneib and Stiven (1978) observed in
mummichogs, may be <caused by a
combination of moderate temperatures
and shorter daylengths (Harrington
1959). Day and Taylor (1983) found
that a photoreceptor other than the
pineal gland or retina of the eye
influences seasonal reproduction in
mummichogs. Female mummichogs respond
to photoperiod, but its effectiveness
has not been rigorously tested in males
(Taylor, in press). In both sexes, low
temperature prevents and high
temperature permits gonadal development

(Taylor, 1in press). The semilunar
cycle of oogenesis persists in the
absence of Tlunar or tidal stimuli
(Taylor and Dimichele 1980).

Schwassmann (1980) argued that we have
no idea of the actual timing mechanism
that entrains semilunar spawning in
mummichogs.

Spawning Behavior

Rivalry 1is intense among breeding
male mummichogs, and size seems to be
less important than nuptial coloration
in defense of territories. Females
with very ripe ova may solicit males by
turning on their sides to display their
white bellies (Newman 1907). Adults
gather in shallow weedy areas, and’one
or more males chase a female until she
stops, at which time one male moves
beside her and pushes her against the
vegetation (Keenleyside 1979). Newman
(1907) noted that courtship, consisting
of tandem swimming, merges gradually
into spawning as the male's movements
become progressively more excited.
Eventually the male clasps the female;
their bodies form a shallow S-curve.

The pair quiver vigorously and shed

their gametes several times in rapid
succession (Keenleyside 1979).
Spawning Site

Mummichogs spawn in fresh,
brackish, and saltwater (Hardy 1978).

In a Delaware marsh, eggs were laid in
clutches of 10-300, at Tlevels only
reached by high spring tides (1.2-1.4 m
above mean low water). Eggs are laid
in empty shells of the ribbed mussel
Geukensia demissa or inside the outer
dead leaves of smooth cordgrass
(Spartina alterniflora) (Taylor and
DiMichele 1983). Egg deposition in
shells has also been reported in
Virginia (Able and Castagna 1975),
North Carolina (Kneib and Stiven 1978),
and Georgia (Taylor et al. 1981).
Other reported spawning sites include
algal mats in Massachusetts (Taylor et
al. 1981) and Connecticut (Pearcy and
Richards 1962), shallow pits covered by
the female (Newman 1907), and scattered
on the substrate (Keenleyside 1979).
Selection of these different spawning

sites may reflect an  inherited
preference or merely a response to
substrate availability (Taylor, in
press).

Striped killifish spawn in still,
shallow water close to shore and,
presumably, in small ponds. Active
burying of eggs by females has been
observed (Hardy 1978).

Eggs

A key to eggs of cyprinodontids of
the Mid-Atlantic Bight appears in Hardy
(1978). Fertilized eggs of striped
killifish are spherical, 2.0-3.0 mm in
diameter, translucent yellow to amber,
and slightly adhesive (Hardy 1978).

Fertilized eggs of mummichogs are
spherical, about 2 mm in diameter
(range: 1.5-2.5 mm), and transparent
yellow to amber (Hardy 1978); dead or
infertile eggs are opaque (Taylor, in
press). Adhesive chorionic fibrils on
eggs may be long and dense, short and



sparse, or absent in various
populations (Hardy 1978; Morin and Able
1983). These fibrils may anchor eggs
to the substrate and/or retain moisture
when eggs are stranded (Brummett and
DuMont 1981).

Mummichog eggs normally incubate
in air and are not submerged until the
next spring tide after they are laid
(Taylor and DiMichele 1980). Eggs fail
to develop if immersed for extended
periods in water with less than 1 ml1/1
dissolved oxygen (DO) (Taylor, in
press). Incubation of mummichog eggs
in the field takes 7-8 days at 22-34 °C
(Taylor et al. 1977); in the laboratory
at 20 °C, hatching occurs in 10.5 days
(Armstrong and Child 1965). In striped
killifish 50% of the eggs hatch by 41
days at 16-20 °C, by 17 days at
22-26 °C, and by 12 days at 28-32 °C
(Hardy 1978).

In mummichogs, hatching is
controlled by oxygen concentration of
the environment and hydration of the
egg (DiMichele and Taylor 1980); it can
be delayed 2 weeks or more if eggs are
not 1immersed. Within seconds after
immersion of fully developed eggs,
hatching begins. The egg swells, the
embryo's mouth opens, and heartbeat and
respiration increase. Chorionase
(hatching enzyme) 1is released from
glands in the oral cavity and gills of

the embryo 1in response to hypoxia
("respiratory distress syndrome" of
DiMichele and Taylor 1981). This

enzyme weakens the chorion so that body
movements of the embryo can break it.
Five minutes after immersion, the
embryo begins to turn in the egg; the
egg ruptures in 15-20 min (Taylor et
al. 1977).

Yolk-Sac Larvae

The yolk-sac larval stage lasts
from hatching until all yolk is
absorbed, and may also be called the
prolarva, free embryo (Chuganova 1963),
or alevin (Tay and Garside 1978). A
key to yolk-sac larvae of fishes of the
Mid-Atlantic Bight appears 1in Hardy

(1978). Larvae of mummichogs may hatch
with the yolk already absorbed, if
immersion of developed eggs has been
delayed (Taylor et al. 1977). At
hatching mummichog embryos are 4.0-7.7
mm (mean 5.0 mm) long; striped
killifish are 7.0-11.00 mm long (Hardy
1978). In the 1laboratory at 20 °C,
newly hatched mummichogs require 5.5
days to absorb the yolk. As the yolk
disappears, dorsal and ventral fins
form, and the coordination of the lower
jaw and operculum, undulating swimming,
and pectoral fin movements are
perfected (Armstrong and Child 1965).

Larvae
The larval stage lasts from
yolk-sac absorption until the fish

attains the characteristic shape of the
species. During this stage the fin
rays and scales develop (Chuganova
1963). Striped killifish Tlarvae are
11.8-23.8 mm long. In mummichogs
scales first appear above the pectoral
fin at about 12.5 mm, and are well
developed at 20.0 mm (Hardy 1978).

Juveniles

Juveniles are also called fry or
young-of-the-year, and have fully
developed fins and a more or less
distinct scale covering (Chuganova
1963). The minimum described length of
this stage in mummichogs is 25.0 mm; in
striped killifish it is 26.0 mm (Hardy
1978). For a detailed description of
this stage for both species, see Hardy
(1978).

Adults

Female mummichogs are sexually
mature at 38 mm and males at 32 mm;
striped killifish females mature at
76 mm and males at 64 mm (Hildebrand
and Schroeder 1928). Most members of
both species attain maturity during
their second year, although some
mummichogs may mature and spawn during
their first year (Hardy 1978; Kneib and
Stiven 1978). (See also






























































