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PREFACE 

Th is  species p r o f i l e  i s  one o f  a  se r i es  on coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spor t ,  commercial, o r  eco log ica l  importance. The p r o f i l e s  
are designed t o  prov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive sketch o f  t he  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t he  species and t o  descr ibe how populat ions o f  t he  species may be 
expected t o  reac t  t o  envi  ronmental changes caused by coasta l  development. Each 
p r o f i l e  has sect ions on taxonomy, 1  i f e  h i s t o r y ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i cab le .  A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  ser ies  so t h a t  new p r o f i l e s  can be added as they are prepared. 
This p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers 
and the  U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
the  f o l l  owing addresses. 

In fo rmat ion  Trans fer  Special i s t  
Nat iona l  Coastal Ecosystems Team 
U.S. F i sh  and W i l d l i f e  Serv ice 
NASA-Sl i d e l  1  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
At ten t ion :  WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLES 

M e t r i c  t o  U .S . Customary 

Mu1 t i p l y  

m i l  1  i m e t e r s  (mn) 
c e n t i m e t e r s  ( an) 
m e t e r s  (m) 
k i  1  m e t e r s  ( km) 

2  
square mete rs  (m ) 10.76 
square k i  1  m e t e r s  ( km2) 0.3861 
hec ta res  (ha)  2.471 

l i t e r s  ( 1 )  
c u b i c  m e t e r s  (m3) 
c u b i c  meters 

To O b t a i n  

Inches 
Inches 
f e e t  
m i l  es 

square f e e t  
square m i l e s  
acres 

gal  1  ons 
c u b i c  f e e t  
a c r e - f e e t  

m i l l  igrams (mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i l o g r a m s  ( k  ) 2.205 pounds 
m e t r i c  tons f t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons 
k i  1  ocal  o r i e s  ( k c a l  ) 3.968 B r i t i s h  thermal u n i t s  

Cel s i u s  degrees 1.8("C) + 32 Fahrenhe i t  degrees 

U.S. Customary t o  M e t r i c  

inches  25.40 
inches  2.54 
f e e t  ( f t )  0.3048 
f a  thoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l e s  ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

g a l  1  ons ( g a l  ) 
c u b i c  f e e t  ( f t 3 )  
a c r e - f e e t  

ounces (02)  23.35 
pounds ( l b )  0.4536 
s h o r t  t o n s  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  ( B i u )  0.2520 

m i l  1  i m e t e r s  
cen t imete rs  
meters 
meters 
k i l o m e t e r s  
k i  1  m e t e r s  

square meters 
hec ta res  
square k i l o m e t e r s  

1  i t e r s  
c u b i c  meters 
cub ic  meters 

grams 
k i  1  ograms 
m e t r i c  tons 
k i  1  oca l  o r i e s  

Fahrenhe i t  degrees 0.5556("F - 32) Cel s i u s  degrees 
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A d u l t  male k i l l i f i s h  

Adu l t  female k i l l i f i s h  

Figure 1. Mummichog and s t r i p e d  k i  11 i f i s h  . 

MLIMMICHOG AND STRIPED KILLIFISH 

NOMENC LATURE/TAXONOMY/RANGE Class .................... Osteichthyes 
Order .................. Ather in i formes 

................ S c i e n t i f i c  mme ... Fundul us hetero-  Family Cypri  nodontidae 
c l i t u s  (Linnaeus) (Robins m. 
1980) Geographic range . . . . . . . . . . . . .  Gu l f  of 

Pre fer red  common name ....... mummichog s t .  Lawrence south to nor theastern  
(Figure 1, top)  F l o r i d a  (Figure 2). (F. g rand ls ,  

Other common names ....... mud minnow, p rev ious l y  F. h. a ,  inc ludes 
p i k e  minnow, mud dabbler, gudgeon popu la t ions  whit!% range from peninsu- 
(Hi 1 debrand and Schroeder 1928) ; l a r  F l o r i d a  t o  Tampico, Mexico.) 
sa l twa te r  minnow, k i l l i e ,  mummie Also found on Sable I s l and ,  Nova 
(Urs in  1977); marsh minnow (Teal and Scot ia  (Garside 1969) and Bermuda 
Burns 1979) ; common k i  1 1 i f i s h ,  (Rosen 1973). Sa l t ,  brackish,  and 
brack ish  water chub (Nor thcu t t  and freshwater (Rosen 1973) ; character-  
Davis 1983) i s t i c a l l y  c lose t o  shore (Daiber 

1982). 
1 



A TLANTIC OCEAN 

-, BALTIMORE 

K I L O M E T E R S  

Coastal  dlstrlbutlon 

NORTH CAROLINA 

Figure  2. M id -A t l an t i c  coast  d i s t r i b u t i o n  o f  mummichog and s t r i p e d  
k i l l i f i s h .  Both are found the  e n t i r e  l eng th  o f  t he  M id -A t l an t i c  reg ion  
c lose t o  shore ( w i t h i n  110 m f o r  mummichogs: Armstrong and C h i l d  1965) and 
i n  bays, es tua r ies  and t i d a l  creeks (Hardy 1978). S t r i ped  k i l l i f i s h  
penetrate t i d a l  r i v e r s  on ly  as f a r  as the  mean boundary between f resh  and 
brack ish  water; mummichogs penet ra te  as f a r  as 75 km beyond t h i s  boundary 
(Massman 1954). 



Recent sys temat i c  s t u d i e s  . . . . .  On t h e  
b a s i s  o f  d i f f e r e n c e s  i n  egg morphol-  
ogy, gene f requenc ies  , and spawning 
s i t e s  between popu la t i ons  n o r t h  and 
sou th  o f  n o r t h e r n  New Jersey ,  Mo r i n  
and Able (1983) proposed r e t a i n i n g  
t h e  subspecies names F. h. he te ro -  
c l  i t u s  f o r  t h e  sou thern  p o p u l a t i o n  
and F. - h. macro lep ido tus  f o r  t h e  
no r t he rn .  Popu la t ions  i n  t h e  upper 
Delaware and Chesapeake Bays seem' t o  
be r e l i c t s  o f  t h e  n o r t h e r n  sub- 
spec ies.  (These d i s t r i b u t i o n s  do n o t  
match those  o f  t h e  subspecies as 
o r i g i n a l  l y  named. ) 

S c i e n t i f i c  name . . . . .  Fundulus m a j a l i s  
(Wal baum) (Robins e t  a1 . 1980) 

P r e f e r r e d  common name . . . . . . . .  s t r i p e d  
k i l l i f i s h  (F i gu re  1, bottom) 

Other  common names . . . . . .  b u l l  minnow, 
gudgeon (H i ldebrand  and Schroeder 
1928) ; s t r i p e d  mummichog, banded 
k i l l i f i s h ,  k i l l i e ,  mummie ( U r s i n  
1977) 

Class . . . . . . . . . . . . . . . . . . . .  Oste ich thyes  
Order . . . . . . . . . . . . . . . . . .  A the r i n i f o rmes  
Fami ly  . . . . . . . . . . . . . . . .  Cypr inodon t idae  

Geographic range . . . . . . .  New Hampshire 
sou th  t o  no r t heas te rn  F l o r i d a  (F i gu re  
2). Ma in l y  i n  s a l t w a t e r ,  l e s s  o f t e n  
i n  b r a c k i s h  (Rosen 1973). Most 
au thors  do n o t  r e c o r d  i t  from 
f r eshwa te r  ( b u t  see Hardy 1978). 
(See a1 so "Sal  i n i  ty. " )  

MORPHOLOGY/IDENTIFICATION AIDS 

The name " k i l l i f i s h "  may be 
a p p l i e d  t o  members o f  t h r e e  f a m i l i e s :  
Cypr i  nodont idae,  Anabl ep idae,  and 
Poeci 1  i dae (Rosen 1973). K i  11 i f  i shes 
a re  so f t - r ayed ,  w i t h  no do r sa l  sp i ne  o r  
sp ine  p reced ing  t h e  anal  f i n .  Most 
spec ies a r e  s e x u a l l y  d imorph ic .  Sexes 
a re  po lymorphic  w i t h  r espec t  t o  p igment  
p a t t e r n s  and body and f i n  shape and 
s i ze .  Rosen (1973) suggested f i n- ray  
and sca l e  counts  t o  i d e n t i f y  c o r r e c t l y  
males and females w i t h i n  spec ies.  H i s  
paper con ta i ns  a  key t o  spec ies  o f  
these  t h r e e  f a m i l i e s .  

I n  t h e  Cypr inodon t idae  t h e r e  i s  no 
l a t e r a l  l i n e  and t h e  upper su r f ace  of 
t h e  head i s  consp icuous ly  f l a t t e n e d  
(Hardy 1978). The anal  f i n  i n  t h e  male 
i s  n o t  m o d i f i e d  as an i n t r o m i t t e n t  
organ, and t h e  t h i r d  anal  r a y  i s  
branched. I n  t h e  Fundul inae t h e  jaw 
t e e t h  a re  c o n i c a l  w i t h o u t  cusps. Among 
members o f  t h e  genus Fundulus, t h e  body 
i s  n o t  s h a r p l y  angu la r  o r  t r a p e z o i d a l ,  
and t h e r e  i s  more t han  one s e r i e s  o f  
jaw t e e t h  (Rosen 1973). The mouth i s  
t e r m i n a l  o r  t h e  lower  jaw p r o j e c t s  
s l i g h t l y  (H i ldebrand  and Schroeder 
1928). 

I n  b o t h  mummichogs and s t r i p e d  
k i l l i f i s h ,  males a re  sma l l e r  t han  
females a f t e r  t h e  f i r s t  yea r .  The 
o r i g i n  o f  t h e  do r sa l  f i n  i n  t h e  male i s  
d i r e c t l y  above o r  i n  advance o f  t h e  
o r i g i n  o f  t h e  anal  f i n  (Rosen 1973). 
The caudal f i n  i s  rounded i n  b o t h  
spec ies (Hardy 1978). 

Fundul us h e t e r o c l  i t u s :  The snou t  i s  
s h o r t ,  rounded, a  l i t t l e  l onge r  t han  
d iamete r  o f  eye i n  s i d e  view, w i t h  8  
mandibu lar  pores.  A  we1 1  -developed 
f l e s h y  pouch i s  found a t  t h e  a n t e r i o r  
base o f  t h e  anal f i n .  Scales a l ong  
t h e  l a t e r a l  1  i n e  number 31-35 (Rosen 
1973, b u t  Hardy 1978 g i ves  31-39). 
There a r e  11-12 do r sa l  f i n  r ays  
(Hi  1  debrand and Schroeder 1928). 
There i s  no conspicuous s i l v e r y  sheen 
on t h e  s i des ;  a d u l t  females have no 
da r k  spo t  on do r sa l  f i n  (Rosen 1973), 
and a r e  browni  sh-green above, p a l e r  
below. Small females have 13-15 da r k  
v e r t i c a l  ba rs  (Hi  l debrand  and 
Schroeder 1928); a d u l t  females may be 
confused w i t h  those  o f  F. con- 
f l u e n t i s  (Rosen 1973). ~ d u i t  m z s  
a r e  da r k  green o r  o l i v e  above, y e l l o w  
beneath; h a v e  s i des  w i t h  about  15  
narrow s i l v e r y  v e r t i c a l  ba r s  and 
numerous w h i t e  o r  ye1 1  owish spo ts ;  
and may have a  da r k  spo t  on p o s t e r i o r  
4-5 r ays  o f  do r sa l  f i n .  Sex - spec i f i c  
c o l o r  p a t t e r n s  appear when f i s h  a r e  
38-44 mm l o n g  (H i ldebrand  and 
Schroeder 1928) ; u n t i  1  then ,  young 
may be confused w i t h  a d u l t  female E. 
l u c i a e  (Rosen 1973). A d u l t s  a re  



commonly 51-102 mm long (Armstrong 
and Child 1965). The la rges t  
specimen reported from Chesapeake Bay 
was 125 mm (Hildebrand and Schroeder 
1928). (Throughout t h i s  paper, 
length measurements a r e  as  noted by 
the original  authors. Total length 
may be assumed where the authors did 
not specify standard 1 ength. ) 

Fundulus majalis: The snout i s  long, 
pointed, and a l i t t l e  l e ss  than two 
eye diameters in p ro f i l e  (Rosen 
1973). Overall body shape i s  slimmer 
than t ha t  of F.  he terocl i tus  (Ursin 
1977). There -are 13-15 dorsal f i n  
rays (Hildebrand and Schroeder 1928); 
and 32-37 scales  in l a t e r a l  s e r i e s  
(Hardy 1978). A conspicuous s i  lvery 
sheen appears on the sides of young 
and adul ts  of both sexes (Rosen 
1973); adu l t s  of both sexes have a 
black spot on the l a s t  rays of the 
dorsal f i n .  Adult females have one 
t o  several dark 1 ongi tudi nal 1 i nes 
and one or more disrupted ver t i ca l  
bars near the  base of the t a i l ;  adu l t  
females a re  01 ive above, white below. 
Adult males a re  dark ol ive  on back, 
and t h e i r  s ides  and bel ly  a r e  salmon 
ye1 low, with 15-20 ver t i ca l  black 
s t r i p e s  (Hi 1 debrand and Schroeder 
1928; Hardy 1978 gives 11-20 
s t r i pe s ) .  Sex-speci f i c  color 
pat terns  appear when f i s h  reach 38-51 
mm (Hi 1 debrand and Schroeder 1928) ; 
the  young have bars s imilar  t o  those 
of males (Rosen 1973). This species 
i s  the  l a rges t  member of the genus in  
the study area;  i t  frequently reaches 
152-178 mm. The record i s  203 mm 
long (Ursin 1977). 

REASON FOR INCLUSION IN SERIES 

Although not valued as commercial 
o r  spor t  f i shes ,  both ki 11 i f i she s  a re  
important in food chains because of 
t h e i r  d i s t r ibu t ion  and abundance. (See 
a1 so "Predators. " )  Because of t h e i r  
importance in marsh food chains, 
mummichogs may be instrumental in  
movement of organic material within and 
out of s a l t  marsh ecosystems (Kneib e t  

a l .  1980). (See a l so  "Movement 
Patterns" and "Food Habits. " )  

Mummichogs a re  sold as  b a i t  in 
spor t  f i she r i e s  f o r  summer founder 
o r  fluke (Para1 ichthys dentatus) and 
young bl uef i sh o r  s n a p p e m a t o m u s  
s a l t a t r i x )  in New York and New Jersey 
(Perlmutter 1961). and fo r  flounder in . , 
 el aware (M. H. Taylor, University of 
Delaware, Newark, pers. comm. ). 

Mummichogs are  the primary 
predators in  the Open Marsh Water 
Management mosquito control program 
current ly  being tes ted i n  New Jersey,  
Delaware, and Maryland (Winner e t  a l .  
i n  press).  A1 though Gambusia 
(mosquitofish, Fami ly Poecil i idae)  i s  
more often used as a biological control 
agent,  the  portion of the d i e t  con- 
s i s t i n g  of mosquito larvae i s  higher 
i n  studied species of Fundulus 
(grandis and conf 1 uentis) .  According 
t o  Harrington and Harrinaton (1961). 
the role  i f  Gambusia a f f i n i s  againkt 
Aedes mosquitoes has been overval ued 
because of i t s  reputation as a predator 
on freshwater anophelines; in the 
control of sa l  tmarsh mosquitoes, 
primary consideration should be given 
t o  the 1 ocal endemic cyprinodontiform 
f i shes  ra ther  than any s ingle  species. 

As a group, k i l l i f i s h e s  a re  used 
i n  research i n  experimental s tudies  of 
embryo1 ogy, genetics,  physiology, 
endocrinology, cytology, and behavior. 
Some of t h i s  research has important 
medical implications,  such as  the 
action of s te ro ids  in the  regulation 
and reversal of sexual development, 
inheritance and devel opment of 
cancerous t i s sue s ,  and the genetics of 
h i  stocompatabi 1 i t y  in  t i s sue  and organ 
t ransplants  (Rosen 1973). 

Mummichogs a re  the  nondomesticated 
f i sh  most frequently used in research 
(Rosen 1973), including such disparate  
s tudies  as  bioassay fo r  water pollution 
( I s a i  e t  a l .  1979), e f f ec t s  of weight- 
lessness i n  outer space (Hoffman e t  a l .  
1978), ion t ransport  in t i s sues  (Evans 



1980), and c y c l i n g  and b i o l o g i c a l  
magn i f i ca t i on  o f  rad io iso topes (Huver 
1973). 

LIFE HISTORY 

Reproductive Physiology 

Dur ing t h e  breeding season, males 
of mummichogs and s t r i p e d  k i l l i f i s h  
assume a  b r i g h t e r  c o l o r a t i o n  (Urs in  
1977) and grow contac t  organs (Hardy 
1978). 

Fundulus spp. a re  oviparous. The 
ovary i s  s i ng le ,  and the  number o f  ova 
produced depends upon the  s i z e  o f  t h e  
f i s h .  The l a r g e s t  number o f  r i p e  ova 
i n  a  mummichog from Chesapeake Bay 
counted by Hi ldebrand and Schroeder 
(1928) was 460, i n  a  female 98 mm long; 
t he  maximum f o r  a  s t r i p e d  k i l l i f i s h  was 
540 ( l eng th  not  given). Hardy (1978) 
gave a  range o f  200-800 ova f o r  
mummichogs and 460-800 f o r  s t r i p e d  
k i l l i f i s h  i n  t h e  M id -A t l an t i c  region.  
According t o  Tay lor  ( i n  press), 
p roduct ion  o f  100-300 eggs per  day f o r  
3-5 days i s  no t  unusual f o r  Delaware 
mummichogs e a r l y  i n  t h e  spawning 
season. However, even e a r l y  i n  t he  
spawning season i n  North Carol ina,  up 
t o  50% o f  t he  ova may be reabsorbed 
(Kneib and S t i ven  1978). 

I n  male and female mummichogs, 
t h e  gonadosomatic index ( G S I  = gonad 
wt/body w t  x  100) r i s e s  s teep ly  i n  t h e  
sp r i ng  and dec l ines  s teep ly  i n  t h e  
autumn (Kneib and St iven 1978). G S I  
f l u c t u a t e s  i n  bo th  sexes dur ing  the  
spawning season; mean G S I  g radua l l y  
dec l ines  as t h e  season progresses 
(Tay lor ,  i n  press). Although r i p e  ova 
may be cons tan t l y  a v a i l a b l e  e a r l y  i n  
t he  season (Wallace and Selman 1981), 
t he  number o f  eggs l a i d  i s  always 
greater  dur ing  sp r i ng  t i d e s  (Taylor  e t  
a l .  1979). Th is  semilunar cyc le  i s  
most pronounced l a t e  i n  t h e  spawning 
season i n  southern popu la t ions  (Taylor ,  
i n  press). 

Food a v a i l a b i l i t y  may be t h e  
u l t i m a t e  c o n t r o l  f o r  egg product ion  i n  
mummi chogs. I f  feed i  ng ceases, 
v i  t e l  logenesi s  (yo1 k  format ion)  ceases 
and matura t iona l  stages are f l  ushed 
from t h e  reproduct ive  t r a c t ;  renewed 
feeding causes reappearance o f  
matura t iona l  stages (Wal lace  and Selman 
1980). F r i t z  and Garside (1975) 
repor ted  t h a t  i n  an es tuar ine  
popu la t ion ,  spawning mummichog females 
averaged 65 mm long and 243 ova; i n  a  
popu la t ion  i n  l ess  brack ish  water 
(0.6-15.5 ppt ) ,  averages were 60 mm and 
161 ova. The d i f f e r e n c e  was a t t r i b u t e d  
t o  lower food dens i t y  i n  t h e  l ess  
brack ish  area. Weisberg (1981) a1 so 
a t t r i b u t e d  the  reduced female G S I  
observed i n  crowded experimental 
populat ions t o  i n s u f f i c i e n t  food 
avai  l a b i  1  i t y .  Tay lor  ( i n  press), 
however, cautioned t h a t  a d d i t i o n a l  
sources o f  s t ress  may c o n t r i b u t e  t o  
reduced fecund i t y  i n  f i s h  popu la t ions  
i n  nature. 

Spawning Season and P e r i o d i c i t y  

The spawning seasons o f  mummichogs 
and s t r i p e d  k i  11 i f i s h  vary w i t h  
l a t i t u d e .  I n  Chesapeake Bay s t r i p e d  
k i  11 i f  i s h  spawn from A p r i l  through 
September; from New Jersey northward, 
t he  season l a s t s  from June through 
August (Hardy 1978). Spawning o f  
mummichogs u s u a l l y  begins i n  sp r i ng  
(March t o  May) and ends i n  l a t e r  summer 
o r  e a r l y  autumn ( J u l y  t o  September) 
(Hardy 1978; Kneib, i n  press) .  Although 
t i m i n g  and du ra t i on  o f  spawning seasons 
d i f f e r  , the  water temperature range 
over which spawning occurs i s  s i m i l a r  
(Tay lor ,  i n  press). 

Mummichogs may spawn e i g h t  o r  more 
t imes i n  a  season. Each spawning peak 
may l a s t  f i v e  o r  more days and 
coinc ides w i t h  a  h igh  sp r i ng  t i d e  o f  
t he  f u l l  o r  new moon (semilunar 
p e r i o d i c i t y :  Tay lor  and DiMichele 
1980). A  c i r c a d i a n  p e r i o d i c i t y  may be 
superimposed on the  semilunar rhythm i n  
some populat ions;  maximal spawning then 
occurs when h igh  sp r i ng  t i d e s  are a t  
n i g h t  (Taylor  e t  a l .  1979). Spawning 



a lso  occurs du r ing  the  day (Hardy 
1978). 

Spawning i n  separate genet ic  
populat ions o f  mummichogs may be t imed 
by d i f f e r e n t  environmental s t i m u l i  
(Wall ace and Selman 1981). Spawning 
rhythms may be t imed by temperature 
(Brummett 1966), t i d e s ,  moon1 i g h t ,  and 
sa l  i n i t y  (Tay lor  e t  a1 . 1979). . Ea r l y  
and l a t e  season peaks i n  spawning, such 
as Kneib and St iven (1978) observed i n  
mummichogs, may be caused by a  
combination o f  moderate temperatures 
and sho r te r  day1 engths (Har r i  ngton 
1959). Day and Tay lor  (1983) found 
t h a t  a  photoreceptor o the r  than the  
p inea l  gland o r  r e t i n a  o f  t he  eye 
i nf 1  uences seasonal reproduct ion  i n  
mummichogs. Female mummichogs respond 
t o  photoperiod, b u t  i t s  e f fec t iveness  
has no t  been r i g o r o u s l y  t es ted  i n  males 
(Taylor ,  i n  press). I n  bo th  sexes, low 
temperature prevents and h igh  
temperature permits gonadal development 
(Taylor, i n  press). The semilunar 
cyc le  o f  oogenesis p e r s i s t s  i n  t he  
absence o f  l una r  o r  t i d a l  s t i m u l i  
(Tay lor  and Dimichele 1980). 
Schwassmann (1980) argued t h a t  we have 
no idea o f  t he  ac tua l  t i m i n g  mechanism 
t h a t  en t ra ins  semi 1  unar spawning i n  
mummichogs. 

Spawning Behavior 

R i v a l r y  i s  in tense among breeding 
male mummichogs, and s i z e  seems t o  be 
1  ess impor tan t  than n u p t i a l  c o l o r a t i o n  
i n  defense o f  t e r r i t o r i e s .  Females 
w i t h  very r i p e  ova may s o l i c i t  males by 
t u r n i n g  on t h e i r  s ides t o  d i s p l a y  t h e i r  
wh i te  be1 1  i e s  (Neman 1907). Adu l ts  
gather  i n  shal low weedy areas, and'one 
o r  more males chase a  female u n t i l  she 
stops, a t  which t ime one male moves 
beside her and pushes her aga ins t  the  
vegeta t ion  (Keen1 eyside 1979). Newman 
(1907) noted t h a t  cour tsh ip ,  c o n s i s t i n g  
o f  tandem swimming, merges gradual l y  
i n t o  spawning as the  male 's  movements 
become p rog ress i ve l y  more exc i ted .  
Eventua l ly  t he  male c lasps the  female; 
t h e i r  bodies form a  shal low S-curve. 

The p a i r  qu iver  v igo rous l y  and shed 
t h e i r  gametes several t imes i n  r a p i d  
succession (Keenleyside 1979). 

Spawning S i t e  

Mummichogs spawn i n  f resh,  
brackish,  and sa l twa te r  (Hardy 1978). 
I n  a  Delaware marsh, eggs were l a i d  i n  
c lu tches o f  10-300, a t  l e v e l s  on ly  
reached by h igh  sp r i ng  t i d e s  (1.2-1.4 m 
above mean low water). Eggs are  l a i d  
i n  empty s h e l l s  o f  t he  r i bbed  mussel 
~ e u k e n s i a  demissa o r  i n s i d e  the  ou te r  
dead leaves o f  smooth cordarass 
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(Spa r t i  na a1 t e r n i  f 1  ora)  (Taylor  and 
DiMichele 1983). Egg depos i t i on  i n  
she1 1s has a1 so been repor ted  i n  
V i r g i n i a  (Able and Castagna 1975), 
North Caro l ina  (Kneib and S t i ven  1978), 
and Georgia (Tay lor  e t  a l .  1981). 
Other reported spawni ng s i t e s  i n c l  ude 
a l g a l  mats i n  Massachusetts (Taylor  e t  
a l .  1981) and Connecticut (Pearcy and 
Richards 1962), shal low p i t s  covered by 
t h e  female (Newman 1907), and scat te red 
on t h e  subst ra te  (Keenleyside 1979). 
Se lec t i on  o f  these d i f f e r e n t  spawning 
s i t e s  may r e f l e c t  an i n h e r i t e d  
preference o r  merely a  response t o  
subst ra te  a v a i l a b i l i t y  (Taylor ,  i n  
press). 

S t r i ped  k i l l i f i s h  spawn i n  s t i l l ,  
shal low water c lose  t o  shore and, 
presumably, i n  small  ponds. Ac t i ve  
bury ing  o f  eggs by females has been 
observed (Hardy 1978). 

A key t o  eggs o f  cypr inodont ids  o f  
t he  M id -A t l an t i c  B i g h t  appears i n  Hardy 
(1978). F e r t i  1  i z e d  eggs o f  s t r i p e d  
k i l l i f i s h  a re  sphe r i ca l ,  2.0-3.0 mm i n  
diameter, t rans1 ucent ye1 low t o  amber, 
and s l i g h t l y  adhesive (Hardy 1978). 

F e r t i l i z e d  eggs o f  mummichogs are  
spher ica l ,  about 2  mm i n  diameter 
(range: 1.5-2.5 mm), and t ransparent  
ye l l ow  t o  amber (Hardy 1978); dead o r  
i n f e r t i l e  eggs are opaque (Taylor ,  i n  
press). Adhesive cho r ion i c  f i b r i l s  on 
eggs may be long and dense, sho r t  and 



sparse, o r  absent i n  va r i ous  
popu la t i ons  (Hardy 1978; Mo r i n  and Able 
1983). 'These f i b r i l s  may anchor eggs 
t o  t h e  subs t ra te  and/or r e t a i n  mo i s tu re  
when eggs a r e  s t randed (Brummett and 
DuMont 1981). 

Mummichog eggs normal l y  i ncubate 
i n  a i r  and a re  n o t  submerged u n t i l  t h e  
nex t  s p r i n g  t i d e  a f t e r  t hey  a re  l a i d  
(Tay lo r  and DiMichele 1980). Eggs f a i l  
t o  develop if immersed f o r  extended 
pe r i ods  i n  water  w i t h  l e s s  than  1 m l / l  
d i s s o l v e d  oxygen (DO) (Tay lo r ,  i n  
press) .  I ncuba t i on  o f  mummichog eggs 
i n  t h e  f i e l d  takes  7-8 days a t  22-34 O C  

(Tay lo r  e t  a l .  1977); i n  t h e  l a b o r a t o r y  
a t  20 O C ,  ha t ch ing  occurs i n  10.5 days 
(Armstrong and C h i l d  1965). I n  s t r i p e d  
k i l l i f i s h  50% o f  t h e  eggs ha tch  by 4 1  
days a t  16-20 O C ,  by 17 days a t  
22-26 O C ,  and by 12 days a t  28-32 O C  

(Hardy 1978). 

I n  mummichogs, ha t ch ing  i s  
c o n t r o l  l e d  by oxygen concen t ra t i on  o f  
t h e  environment and h y d r a t i o n  o f  t h e  
egg (DiMichele and Tay lo r  1980); i t  can 
be delayed 2 weeks o r  more i f  eggs a re  
n o t  immersed. W i t h i n  seconds a f t e r  
immersion o f  f u l  l y  developed eggs, 
ha t ch ing  begins.  The egg swe l l s ,  t h e  
embryo's mouth opens, and hea r t bea t  and 
r e s p i r a t i o n  increase.  Chorionase 
(ha t ch ing  enzyme) i s  re leased  f rom 
g lands i n  t h e  o r a l  c a v i t y  and g i l l s  o f  
t h e  embryo i n  response t o  hypoxia 
( " r e s p i r a t o r y  d i s t r e s s  syndrome" o f  
D iMiche le  and Tay lo r  1981). Th i s  
enzyme weakens t h e  cho r i on  so t h a t  body 
movements o f  t h e  embryo can break it. 
F i v e  minutes a f t e r  immersion, t h e  
embryo begins t o  t u r n  i n  t h e  egg; t h e  
egg rup tu res  i n  15-20 min (Tay lo r  e t  
a l .  1977). 

Yo1 k-Sac Larvae 

The yo1 k-sac l a r v a l  s tage l a s t s  
f rom ha t ch ing  u n t i l  a l l  y o l k  i s  
absorbed, and may a l s o  be c a l l e d  t h e  
p r o l a r v a ,  f r e e  embryo (Chuganova 1963), 
o r  a l e v i n  (Tay and Gars ide 1978). A 
key t o  yo1 k-sac l a r v a e  o f  f i s h e s  o f  t h e  
M i d - A t l a n t i c  B i g h t  appears i n  Hardy 

(1978). Larvae o f  mummichogs may ha tch  
w i t h  t h e  y o l k  a l r eady  absorbed, i f  
immersion o f  devel  oped eggs has been 
delayed (Tay lo r  e t  a l .  1977). A t  
ha t ch ing  mummichog embryos a r e  4.0-7.7 
mm (mean 5.0 mm) long;  s t r i p e d  
k i l l  i f i s h  a re  7.0-11.00 mm l o n g  (Hardy 
1978). I n  t h e  l a b o r a t o r y  a t  20 O C ,  

newly hatched mummichogs r e q u i r e  5.5 
days t o  absorb t h e  y o l k .  As t h e  yo1 k 
d isappears,  do rsa l  and v e n t r a l  f i n s  
form, and t h e  c o o r d i n a t i o n  o f  t h e  lower  
jaw and opercu l  um, u n d u l a t i n g  swimming, 
and p e c t o r a l  f i n  movements a r e  
p e r f e c t e d  (Armstrong and Chi 1 d 1965). 

Larvae 

The l a r v a l  s tage l a s t s  f rom 
yo1 k-sac abso rp t i on  u n t i l  t h e  f i s h  
a t t a i n s  t h e  c h a r a c t e r i s t i c  shape o f  t h e  
species. Dur ing  t h i s  s tage t h e  f i n  
r ays  and sca l  es devel  op (Chuganova 
1963). S t r i p e d  k i  11 i f i  sh l a r v a e  a re  
11.8-23.8 mm long.  I n  mummichogs 
sca les  f i r s t  appear above t h e  p e c t o r a l  
f i n  a t  about 12.5 mm, and a re  w e l l  
developed a t  20.0 mm (Hardy 1978). 

Juveni  1 es 

Juven i l es  a r e  a l s o  c a l l e d  f r y  o r  
young-of - the-year  , and have f u l  l y  
developed f i n s  and a more o r  l e s s  
d i s t i n c t  s ca le  cove r i ng  (Chuganova 
1963). The minimum descr ibed  l e n g t h  o f  
t h i s  s tage i n  mummichogs i s  25.0 mm; i n  
s t r i p e d  k i l l i f i s h  i t  i s  26.0 mm (Hardy 
1978). For a d e t a i l e d  d e s c r i p t i o n  o f  
t h i s  s tage f o r  bo th  species,  see Hardy 
(1978). 

Adu l t s  

Female mummi chogs a r e  sexual l y  
mature a t  38 mm and males a t  32 mm; 
s t r i p e d  k i l l i f i s h  females mature a t  
76 mm and males a t  64 mm (Hi ldebrand 
and Schroeder 1928). Most members o f  
bo th  species a t t a i n  m a t u r i t y  d u r i n g  
t h e i r  second year ,  a l though some 
mummichogs may mature and spawn d u r i n g  
t h e i r  f i r s t  yea r  (Hardy 1978; Kneib and 
S t i v e n  1978). (See a1 so 










































