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Abstract
The Etheostoma flabellare species group comprises 6 recognized forms, including E. f. lineolatum and E.

percnurum. The wide ranging E. f. Uneolattim and the reHct E. percnunim both exhibit large spherical yolk
sacs, with a mid-ventral vitelline vein plexus; 34-36 total myomeres; well developed jaws at hatching; and
head not deflected over the yolk sac. Eggs of E. f. lineolatum range between 2.0-2.8 mm in diameter.
Hatching in E. f. lineolatum occurs between 4.5-5.9 mm TL and first ray formation occurs at 5.0 mm in
the pectoral fins. Etheostoma percnurum has the largest eggs of the group with diameters between 2.6-3.3
mm. Larvae hatch between 4. .5-5 .4 mm TL and possess six incipient rays in the pectoral fin. Fin -ray
formation occurs at later length intervals than E. f. lineolatum, except for the spinous dorsal fin. Orbit shape
and initiation of squamation for E. percnurum is similar to E. kennicotti.

The  fantail  darter,  Etheostoma  flabellare,  is
the  most  widespread  member  of  the  subgenus
Catonotus,  ranging  from  the  Great  Lakes  ba-
sin,  south  through  the  upper  and  middle  Mis-
sissippi  basin,  and  east  onto  the  central  Atlan-
tic  slope  (1).  This  highly  variable  taxon,  con-
sists  of  3  to  5  subspecies.  However,  E.  f.  li-
neolatum,  was  not  recognized  by  McGeehan
(2)  because  of  the  erratic  geographical  distri-
bution  of  striped  and  non-striped  forms.  Eth-
eostoma  flabellare  inhabits  gravelly  or  rocky
riffles  (occasionally  slow  runs  or  pools)  in
headwater  creeks  to  moderate-sized  rivers,
and  is  potentially  sympatric  with  at  least  11
other  species  of  Catonotus  (1,  3,  4).  In  con-
trast,  the  duskytail  darter,  Etheostorrm  perc-
nurum,  is  a  relict  species  restricted  to  only  4
large  streams  of  the  upper  Tennessee  and
middle  Cumberland  River  drainages,  where  it
inhabits  rocky  pools  (4,  5).  It  is  accorded
threatened  status  by  the  state  of  Tennessee
(6),  and  endangered  in  Virginia  (7,  8).  It  oc-

' Present address: Large Rivers Research Station, 119
Diana Road, Box 96, Ogden Dunes, Indiana 46368.

curs  syinpatrically  with  only  1  species  of  Ca-
tonotus,  E.  flabellare.  The  fantail  and  duskytail
darters  represent  distributional  extremes  with-
in  Catonotus,  but  are  closely  related,  compris-
ing,  with  E.  kennicotti,  the  E.  flabellare  species
group (3, 9).

There  is  a  growing  body  of  comparative  in-
formation  for  distinguishing  larvae  and  juve-
niles  of  different  species  o{  Catonotus  (10,  11).
Embryonic  and  larval  development  of  E.  fla-
bellare  flabellare,  the  subspecies  occupying
the  Great  Lakes  and  upper  Ohio  River  basins
(2),  has  been  characterized  by  Lake  (12),  Coo-
per  (13),  Auer  (14),  and  Paine  (15);  however,
descriptions  are  lacking  for  other  subspecies.
Also,  given  the  high  degree  of  sympatry  be-
tween  E.  flabellare  and  other  species  of  Ca-
tonotus,  comparative  data  are  needed  for  sep-
arating  their  larvae.  Layinan  (5)  described  lar-
val  stages  of  the  duskytail  darter  but  did  not
report  his  observations  of  embryonic  devel-
opment  or  provide  meristic  and  morphometric
characteristics  of  larvae.  Such  information  may
become  critical  in  implementing  future  recov-
ery  plans  for  this  jeopardized  species.  Larval
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characters  may  also  prove  to  be  useful  in  re-
solving  phylogenetic  relationships  within  the
E.  flabclhire  species  group.

This  paper  describes  larval  development  of
Ethcostonui  flahellaiv  lineohitinii.  the  striped
fantail  darter,  a  widespread  taxon  found  in  the
lower  Ohio  River  basin  and  tributaries  of  the
Mississippi  River,  and  embiyonic  and  larval
development  of  E.  percnnnnu,  the  duskytail
darter.  Meristic,  morphometric,  and  pigmen-
tation  features  are  used  to  separate  these  taxa
from  E.  f.  fiahellare,  E.  kennicotfi,  and  other
sympatric  species  of  Cotonotus.

Materials  and  Methods

Laboratory  cultured  and  wild  collected
specimens  were  studied  for  differences  in
moq)hology,  meristics,  pigmentation,  and  se-
quential  development  relative  to  size.  A  series
of  meristic  and  moi-phometric  features  was
measured  from  128  eggs  and  237  lai-vae  and
early  juvenile  striped  fantail  darters,  and  20
eggs  and  24  lanae  and  early  juvenile  duskytail
darters.

A  total  of  21  moi-phometric  and  nine  me-
ristic  characters  was  measured  for  each  spec-
imen  followiu";  methods  outlined  in  Simon
(10).  Eggs  and  embiyos  were  preserved  in  5%
formalin,  while  lawae  were  preseived  in  10%
formalin  after  removal  from  nests.  The  middle
of  the  spawning  episode  (i.e.,  fertilization  of
ova)  was  used  as  time  zero  in  estimating  ages
of  embryos.  All  measurements  were  made  to
the  nearest  0.1  mm  using  a  dissecting  micro-
scope  with  an  ocular  micrometer.  Measure-
ments in the text are expressed as a proportion
of  total  length  (TL)  unless  othen\ase  noted.
Illustrations  were  delineated  following  Sumida
et al. (16).

Embiyonic  and  larval  descriptions  of  the
duskytail  darter  were  based  on  adults  collected
and  spawned  by  Layman  (5)  from  the  Ten-
nessee  River  drainage,  Little  River,  Blount
County,  Tennessee.  Little  River  contains  1  of
3  extant  populations  for  the  species  in  the  up-
per  Tennessee  River  drainage.  Eggs  were  ob-
tained  from  nests  in  Little  River  and  from
spawnings  of  aquarium-held  adults.  All  eggs
were  incubated  in  aquaria  at  18-27°C.  Laival
descriptions  of  striped  fantail  darter  were
based  on  adults  collected  and  reared  by  Simon
(17)  from  the  Mississippi  River  drainage.
Spring  Coulee  Creek,  Vernon  County  and

Coon  Creek,  La  Crosse  County,  Wisconsin;
Root  River,  Fillmore  County,  Minnesota;  and
upper  Iowa  River,  Houston  County,  Iowa.
Eggs  were  ol)tained  from  spawnings  of  aquar-
ium-held  adults  and  incubated  at  2  tempera-
tures  (20°  and  23°C)  in  the  laboratory'.  Larvae
of  both  species  were  fed  live  Arteniia  nauplii.

Species  Accounts

Striped  fantail  darter,
Etheostoma  flnhellare  lUicohitum

(Agassiz)
E^g^^.  —  Three  size  classes  of  ova  were  ob-

served  in  the  dissected  ovary  of  £.  fiahellare
lineolattun.  The  smallest  ova  ranged  1.0-1.5
mm  (n  =  13,  .v  =  1.3  nmi),  and  were  spheri-
cal,  opaque,  and  pale  yellow.  The  intermediate
sized  ova  were  ovoid,  opaque,  and  pale  yellow
and  ranged  1.5-2.0  mm  (n  =  15,  x  =  1.6  mm).
Mature  eggs  collected  from  Spring  Coulee
Creek,  Wisconsin,  the  Rock  River,  Illinois,  and
the  upper  Iowa  River,  Iowa,  were  all  equiva-
lent  in  diameter  and  ranged  from  2.0-2.8  nmi
(n  =  100,  .V  =  2.4  mm).  Mature  eggs  are
spherical,  demersal,  and  adhesive  with  trans-
lucent  yellow  yolk.  Generally,  mature  eggs
have  a  single  oil  globule,  a  narrow  perivitelline
space,  an  unsculptured  chorion,  and  are  un-
pigmented.  Based  on  presence  of  various  size
classes  of  ova  and  aquarium  observations,  the
striped  fantail  darter  is  considered  a  multiple
spawner  depositing  more  than  a  single  clutch
of eggs.

Eggs  are  attached  to  the  undersides  of  slab
rocks  in  the  margins  and  slower  portions  of
riffles  and  raceways  (2,  12,  18,  19,  20).

Einhn/onic  Development.  —  Embiyonic  de-
velopment  for  the  fantail  darter  has  been  pre-
viously  described  by  Lake  (12),  Cooper  (13),
and  Paine  (15).  Eggs  incubated  at  20°C
hatched  after  240  ±  IS  hr  (9.25-10.75  days);
at  23°C,  hatching  occurred  in  144  ±  10  hr
(5.50-6.50  days).  Lake  (12)  reported  eggs  of
Etheostoma  f.  fiahellare  to  hatch  in  30-35  days
at  17°-20°C;  after  21  days  at  21°-22°C;  and  in
14-16  days  at  26°C.

Lan^ae
Morphologij.  —  The  size  of  initial  formation

for selected structures is summarized for lai-val
and  early  juvenile  E.  f.  lineolattun  with  mor-
phometric  features  shown  in  Table  1.  At  4.5-
5.9  mm,  newly  hatched,  well  developed  pec-
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toral  fins  without  incipient  fin  rays;  yolk  sac
extremely  large,  spherical  (ca.  42%  TL);  yolk
amber,  with  a  single  anterior  oil  globule;  vi-
telline  vein  forming  a  plexus  on  mid-ventral
yolk  sac;  head  not  deflected  over  the  yolk  sac;
jaws  developed;  eye  diameter  oval.  Notochord
flexion  occurs  4.9-6.0  mm;  first  rays  form  in
pectoral  fin  (5.0-5.6  mm);  anal  fin  rays  (5.3-
5.9  mm);  first  caudal  fin  ray  form  (5.3-5.9
mm);  soft  dorsal  rays  form  (5.4-6.2  mm);  and
spinous  dorsal  rays  form  (5.9-6.2  mm).  Caudal
fin  round  (5.8-6.2  mm);  incipient  dorsal  and
anal  fin  margins  partially  differentiate  (7.1-8.0
mm);  spinous  dorsal  fin  origin  situated  over
preanal  myomere  4,  soft  dorsal  origin  over
preanal  myomere  15-16  (7.8  mm);  predorsal
length  36.3%  SL  (range:  33-39.7%  SL);  anal
fin  margin  completely  differentiate  (7.9  mm);
pelvic  fin  buds  form  anterior  to  dorsal  fin  or-
igin  prior  to  complete  absorption  of  yolk  sac
(7.9-8.5  mm);  yolk  absorbed  (7.8-8.0  mm).
Entire  finfold  absorbed  by  8.2  mm;  first  pelvic
fin  rays  form  (8.8-9.2  mm);  no  swim  bladder
forms,  remains  rudimentary  (trace  presence);
gut  straight;  squamation  initiated  at  10.0  mm.
Preoperculomandibular  canals  form  (10.8-
11.8);  supraorbital,  infraorbital,  and  lateral
head  canals  form  (11.0-12.6  mm);  supraorbital
completely  form  (11.7  mm);  preoperculoman-
dibular  pores  10,  completely  form  (12.6-13.8
mm);  infraorbital  canal  form  with  8  pores
(10.8  mm),  completely  form  with  retrogres-
sion  to  interrupted  condition  of  4  pores  ante-
riorly  and  2  pores  posteriorly  (14.4-14.6  mm).
Lateral  fine  forms  (14.0-14.2  mm);  squama-
tion  complete  (14.7  mm);  scales  absent  on  the
nape,  cheek,  opercle,  breast,  and  prepectoral
areas.

Meristics.  —  Myomere  number  in  E.  f.  lineo-
latum  is  constant  posthatching,  preanal  myo-
meres  15,  postanal  myomeres  19-21  (x  =
19.5;  n  =  155),  with  34-36  total  myomeres.
Total  vertebrae  number  33-34  (f  =  33.8,  n  =
5),  including  one  urostylar  element  (from
cleared  and  stained  specimens  from  Spring
Coulee  Creek  and  the  Root  River).  Scales  in
the  lateral  series  ranged  from  42-57  (x  =  47.7;
mode  =  48;  n  =  13).  Paired  and  median  fin
rays  and  length  at  appearance  are  summarized
in Table 2.

Pigmentation.  —  Newly  hatched  larvae  with
scattered  melanophores  on  a  large  yolk  sac
with  greatest  concentration  laterally.  Stellate
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Tabik 2. Selected iiieristic values and size (mm total length) at the apparent onset of development for Eiheostotrui
flahclhirc lincolatiiiii and E. pcrcnumin. Mean values are underscored. The number of secondary rays of the median
fins are in lowercase Roman numerals.

AttnliMlf/KvenI /•: / hmnhtun E. prrcnunim
Dorsal fin spine.s/rays

First ravs formed
Adult complement formed

VI-VIl-VI 1 1/10-12-13
5.8/5.8
6.1/7.4

12-13-14
5.8

6.1-6.2
II/7-8-9

5.8
7.4

1/5
>8.1

9.3
9.3

xi-xvi, 8 + 8-9, xi-.xv
5.8
7.5

38-40-45-48
34-36/33^34-35

15
19-21

melanophores  encircle  optic  lobe.  Several  nie-
lanophores  laterally,  rising  obliquely  near
nape;  lateral  pigmentation  with  a  niidlateral
stripe  from  the  yolk  sac  posterior  to  base  of
caudal  peduncle.  Ventral  melanophores  pres-
ent  on  gut  and  from  posterior  anus  to  approx-
imately  postanal  myomere  9.  Dorsal  melano-
phores  in  2  blotches  located  just  anterior  the
anus,  and  initiating  near  posterior  of  ventral
postanal  melanophores.  Majority  of  preanal
myomeres  without  pigmentation  (4.5-5.9  mm;
Fig.  1).  Postorbital  bar  formed,  wdth  additional
horizontal  pigment  on  operculum.  Yolk  sac
with  stellate  melanophores  on  distal  half.  Dor-
sally,  pigmentation  on  nape  and  at  the  base  of
soft  dorsal.  Laterally,  melanophores  outlining
preanal  myosepta  posteriad  of  yolk  sac,  ex-
tending  to  middle  of  soft  dorsal;  a  midlateral
stripe  formed  from  single  melanophores  at
apex  of  preanal  myomeres  posterior  of  yolk
sac.  Ventrally,  stellate  melanophores  present  at
almost  every  postanal  myoseptum  with  several
extending  dorsally  to  midlateral;  melano-
phores  present  at  base  of  caudal  fin  (6.0-7.5
mm;  Fig.  2A).  Horizontal  preorbital  and  post-
orbital  bars  with  additional  pigment  present
on  operculum,  and  dorsally  on  nape;  melano-
phores  outline  lateral  myosepta  of  all  myo-

meres  just  posteriad  of  soft  dorsal.  Melano-
phores  extend  onto  rays  oi  caudal,  anal,  and
soft  dorsal.  Ventral  pigmentation  concentrated
at  midventral  gut,  and  beneath  operculum  and
branchiostegal  rays  (7.8-9.2  mm:  Fig.  2B).
Chevron  shaped  clusters  present  dorsal-ante-
rioriad  to  orbit,  and  on  the  optic  lobe.  Dorsally
8  rectangular  blotches  extend  from  nape  to
base  of  caudal  peduncle.  Oval  blotches  be-
come  continuous  anteriorly  along  the  midlat-
eral  with  scattered  gut  melanophores.  Ventral
pigmentation  limited  to  5  areas  of  concentra-
tion  from  just  after  anus  to  base  of  caudal  pe-
duncle.  Spinous  dorsal,  pectoral,  pelvic,  and
anal  fins  devoid  of  pigment  (9.5-10.9  mm;  Fig.
3A).  An  oblique  bar  extends  towards  nape  lat-
erally,  posterior  the  orbit;  cerebrum  and  optic
lobe  with  clustered  melanophores.  Dorsally,
9-10  rectangular  blotches  with  obliquely  scat-
tered  melanophores  connecting  12-13  midlat-
eral  blotches.  Lateral  epaxial  scales  outlined
with  scattered  melanophores;  pectoral  girdle
with  a  blotch  near  cleithrum.  Lepidiotrichia  of
spinous  and  soft  dorsal,  anal,  and  base  of  cau-
dal  fins  with  melanophores.  Mandible,  maxilla,
and  interopercle  with  scattered  melanophores;
pectoral  and  pelvic  fins  devoid  of  pigment
(11.0-13.9  mm).  Juvenile  pigmentation,  era-
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1 mm

Fig. 1. Etheostoma flahellare Uneolatum, striped fantail darter, newly hatched yolk sac larva, 4.8 mm TL, Coon Creek,
Wisconsin, a. dorsal, b. lateral, c. ventral views.
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1 mm

Fig. 2. Ethcostoma jiabcUarc lincohitiim. striped fantiiil darter. Spring Coulee Creek, Wisconsin, a.
lateral \iew, b. S.2 mm TL lana. lateral \ie\v.

.1 mm TL larva,

Ilium  wdth  concentrated  melanophores  over
optic  lobe  and  cerebrinn;  distinct  preorbital
and  postorbital  bars  formed,  no  suborbital  tear
drop;  a  chevron  shaped  cluster  of  melano-
phores  parallel  to  postorbital  bar,  scattered
melanophores  on  cheek.  Lateral  pigmentation
including  11-13  rectangular  blotches  connect-
ing  to  8  dorsal  bands;  the  final  lateral  blotch
may be  divided to  form 2  spots  near  midlateral
caudal  pedimcle  base.  Horizontal  lines  of  me-
lanophores extend from the head to caudal  pe-
duncle,  formed  from  individual  melanophores
on  outer  margins  of  scales;  distinct  humeral
spot  formed  near  posterior  of  opercular  spine.
Spinous  dorsal  pectoral,  and  anal  fins  with
scattered  pigmentation  on  rays;  4-5  horizontal
stripes  on  soft  dorsal  distributed  on  fin  rays;
caudal  fin  with  6-8  vertical  stripes  formed  on

interstitial  membranes;  pelvic  fins  without  pig-
mentation  (Fig.  3B).

Duskytail darter,
Etheostonia  percnunim

Eggs.  —  Nests  of  the  dusk)i:ail  darter  in  Lit-
tle  River  consisted  of  single-layer  clusters  of
23  to  200  eggs  (n  =  22;  .v  =  79;  SD  =  46)
attached  to  the  undersides  of  slab-shaped
stones  (4,  21).  Fertilized  eggs  were  translucent
and  spherical,  and  averaged  2.8  nun  diameter
from  wild  nests  (range:  2.6—3.3  mm;  n  =  35;
SD  =  0.2  mm)  and  2.9  mm  from  aquarium
nests  (range:  2.6-3.3  mm;  n  =  25;  SD  =  0.1
mm;  4).  The  chorion  was  clear,  adhesive,  and
flattened at the point of attachment to the nest
stone.  The  yolk  was  translucent,  and  a  large
translucent  amber  oil  globule,  surrounded  by
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1 mm
^^

b. 1 mm,

Fig. 3. Etheostoma flahellare lineolatum, striped fantail dart:er. Root River, Minnesota, a. 10.3 mm TL early juvenile,
lateral view. b. 14.4 mm TL juvenile lateral view.

several  much  smaller  ones,  imparted  an  amber
color to the egg.

Embryonic  Development.  —  The  morula  was
round  and  measured  0.8-0.9  mm  in  diameter;
yolk  was  2.2-2.3  mm  in  diameter,  with  a  single
large  oil  globule  0.6-0.7  mm  in  diameter;  the
perivitelline  space  ranged  0.1-0.4  mm  (5  hr
embryos).  The  blastoderm  of  the  early  embryo
covered  67%  of  the  yolk,  the  embryonic  axis
was  forming,  and  the  germ ring  was  visible  (26
hr  embryo).  In  the  tail-bud  stage,  the  optic
vesicles  were  forming,  and  9  somites  were  vis-
ible  (ca.  28-47  hr  embryos).  In  early  tail-free
embryos,  dorsal  and  ventral  finfolds  were  de-

veloping;  auditory  vesicles  were  visible;  lenses
were  forming  in  the  unpigmented  eyes;  and
about  30  somites  were  discernible;  the  heart
was  clearly  beating,  and  the  embryo  occasion-
ally  twitched.  Melanophores  were  widely  scat-
tered  over  the  yolk  membrane  and  were  most
concentrated  on  the  vent  and  body-yolk  junc-
ture  (50  hr  embryos).  By  the  late  tail-free
stage,  the  head  was  highly  elevated;  the  eyes
were  grayish-black;  and  the  pectoral  fin  buds
were  present.  Melanophores  were  more  con-
centrated  over  the  yolk  membrane  and  had
developed  ventrally  along  the  body  to  the  tail
(72-96  hr  embryos).  In  late  embryos,  the  eyes
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were  pigmented  black;  the  newly  formed
mouth  opened  and  closed;  opercles  moved;
and  the  well-developed  pectoral  fin  buds  flut-
tered.  A  highly  branched  vitelline  plexus  cov-
ered  the  anterio-ventral  portion  of  the  yolk
sac,  very  similar  to  that  described  by  Paine
(15)  for  embryos  of  E.  f.  jiahdlare.  Melano-
phores  were  present  on  the  yolk  sac,  dorsally
and  ventrally  along  the  bases  of  the  finfolds,
mid-laterally  toward  the  tail,  and  on  top  of  the
head.  Late  embryos  wiggled  frequently  and
vigorously,  and  the  chorion  was  soft  and  deli-
cate  (>125  hr  embryos).  Eggs  hatched  in  264-
336  hr  (11-14  days)  at  1S°-27°C  (5).

Larvae

Morphology.  —  The  size  of  initial  formation
for  selected  structures  is  summarized  for  lawal
and  early  juvenile  E.  percnnnim  with  moipho-
metric  features  shown  in  Table  3.  At  4.5-5.4
mm  TL,  newly  hatched,  pectoral  buds  were
present  with  6  incipient  rays;  first  pectoral  rays
form  (5.8  mm);  yolk  sac  robust,  spherical  ca.
47.9%  TL,  yolk  translucent,  single  oil  globule
0.7  nmi  diameter;  vitelline  vein  form  a  plexus
on  midventral  yolk  sac;  head  not  deflected
over  yolk  sac;  jaws  developed;  eye  diameter
spherical.  Median  fin  rays  in  the  spinous  and
soft  dorsal,  anal,  and  caudal  fins  form  simul-
taneously  with  notochord  flexion  (5.8  nun);
branchiostegal  rays  form  and  caudal  fin  round
(6.2  mm);  incipient  anal  fin  margin  partially
differentiated  (7.4  mm);  incipient  dorsal  fin
margin  partially  differentiated  (7.5  mm);  spi-
nous  dorsal  fin  origin  situated  over  preanal
myomere  3^,  soft  dorsal  origin  situated  over
postanal  myomere  16  (7.5  mm);  predorsal
length  32.3%  TL  (range:  29.0-44.2%  TL);
38.3%  SL  (range  31.2-53.3%  SL;  7.5  mm);  in-
cipient  anal  fin  margin  completely  differenti-
ated  (7.8  mm);  pelvic  buds  form  anterior  to
spinous  dorsal  fin  origin  (>8.1  mm);  yolk  com-
pletely  absorbed  and  first  pelvic  fin  rays  form
(9.3  mm);  no swim bladder  forms;  gut  straight;
entire  finfold  absorbed  (8.1  mm).  Scale  for-
mation  initiated  in  15.5  mm  juvenile  at  base
of  caudal  peduncle.  Squamation  nearly  com-
plete  by  18  mm  SL.  Scales  absent  from  the
cheeks,  opercles,  nape,  breast,  prepectoral
area,  and  middle  of  abdomen.

Meristics.  —  Myomere  number  in  E.  perc-
nurutn  constant  posthatching,  preanal  myo-
meres  15,  postanal  19-21  (x  =  19.9,  n  =  20),
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Fig. 4. Etheostoma percnunim, duskytail darter, newly hatched yolk sac larva, .5.1 mm TL, Little River, Tennessee,
a. dorsal, b. lateral views, c. ventral views.

with  34-36  total  myomeres  (f  =  34.8,  n  =  20).
Total  vertebrae  number  33-35  (f  =  34.0,  n  =
5),  including  one  urostylar  element  (from
cleared  and  stained  specimens  from  Little  Riv-
er).  Scales  in  the  lateral  series  ranged  from
38^8  {x  -  43.3;  mode  =  45;  n  =  5).  Paired

and  median  fin  ray  values  and  lengths  at  ap-
pearance  are  presented  in  Table  2.

Pigmentation.  —  At  4.9-5.7  mm,  newly
hatched  larvae:  body  translucent;  amber  oil
globule  flattened,  located  anteriorly  in  yolk
sac;  highly  branched  vitelline  plexus  (red  in
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Fic;. 5. Etheostoma pcraiunim, duskvtail darter. Little River, Tennes.see. a. 6.9 mm TL lana lateral \iew, b. 8.2 mm
TL lana lateral \ie\v.

life)  over  oil  globule  and  anterio-ventral  por-
tion  of  yolk  sac;  melanopliores  on  yolk  sac
most  concentrated  ventrally,  posterio-laterally
and  at  body-yolk  juncture;  prominent  patch  of
melanopliores  on  top  of  head;  melanophores
irregularly  distributed  along  dorsiun,  mid-lat-
erally  along  myosepta,  and  ventrally  toward
the  tail  (Fig.  4A,  B).  Melanophores  developing
anteriorly  on  top  of  head  toward  snout  (6.1-
6.2  mm;  Fig.  4C).  Body  straw-colored,  less
translucent;  dense  patch  of  stellate  melano-
phores  on  top  of  cranium;  orbital  bar  of  me-
lanophores  developing  from  opercle  to  snout;
melanophores  concentrated  medially  along
dorsum  and  mid-laterally  along  horizontal  sep-
tum;  melanophores  beginning  to  develop  on
soit  dorsal,  caudal,  and  anal  fin  rays;  subcuta-

neous  melanophores  dorsally  on  gut  (7.4-8.3
mm;  Fig.  5).  Pre-  and  post-orbital  bars  dis-
tinct;  melanophores  forming  indistinct  blotch-
es  dorsally  (7-8)  and  mid-laterally;  light  scat-
tering  of  melanophores  on  soft  dorsal,  caudal,
and  anal  rays,  and  to  lesser  extent  on  spinous
dorsal  fin;  subcutaneous  melanophores  on
back  of  head  and  opercles;  gold  iridescent  pig-
ment  in  eyes  (9.2-9.8  mm).  Juveniles  pigmen-
tation,  body  opaque,  straw-colored,  heavily
pigmented  with  melanophores;  melanophores
on  top  of  head  concentrated  and  confluent;
dorsal  and  lateral  blotches  wider,  diffuse,  with
indistinct  dorso-lateral  connections  between
them;  soft  dorsal,  anal,  and  caudal  fin  rays
lined  with  melanophores;  few  melanophores
on  pectoral  and  pelvic  fin  rays,  spinous  dorsal
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I  1
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Fig. 6. Etheostoma percnurum, duskytail darter. Little River, Tennessee, a. 9.5 mm TL early juvenile lateral view, b.
15.5 mm TL juvenile lateral view.

fin,  underside  of  head,  breast,  and  belly;  gold
iridescence  in  eyes  more  pronounced  (10.1-
15.5  mm;  Fig.  6).  A  wild  juvenile  at  18  mm
SL:  squamation  nearly  complete;  pigmenta-
tion  approaching  that  of  adult:  body  straw-col-
ored,  12  lateral  vertical  brown  bars  connected
dorsolaterally  to  6-7  irregular  brown  dorsal
saddles,  dark  humeral  spot,  and  cheeks  speck-
led  with  melanophores.

Discussion

Species  of  Catonotus  are  well  known  for
their  derived  spawning habit  of  clustering  eggs
on  the  undersides  of  stones  (8,  22).  Etheos-
toma flabellare  spawns beneath large stones in
riffles,  runs,  or  pools  with  slow  to  moderate
current  (12,  18).  Spawning  of  £.  f.  lineolotum
occurs  in  early  April  until  May  (23,  24,  25).  In
Wisconsin  and  Minnesota,  spawning  initiated

in  early  May  and  continued  until  June  at  tem-
peratures  between  13°-17°C,  but  continued
until  mid-July  when  temperatures  approached
25°C  in  Iowa  and  Illinois  (17).  The  duskytail
darter  spawns  in  Little  River  from  late  April
through  June  in  pools  and  moderate  runs  be-
neath  slab-shaped  cobbles  (5).

Etheostoma  f.  Uneolatum  and  E.  percnurum
are  sympatric,  however,  the  former  species  is
referred  to  as  E.  f.  flabellare  by  McGeehan
(2).  Duskytail  darter  lai'vae  are  more  preco-
cious,  developing  incipient  rays  in  the  pectoral
fins  and  complete  rays  in  the  median  fins  ear-
lier  than  striped  fantail  darters;  however,  squa-
mation  begins  later,  at  lengths  >15  mm  TL.
These  two  taxa  can  be  distinguished  from  oth-
er  described  members  of  the  E.  flabellare  spe-
cies  group,  E.  f.  flabellare  and  E.  kennicotti,
based  on  myomere  number,  pigmentation  and
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TvBLE 4. Summary comparison of meristic, pigmentation, and ontogenetic event characteristics ior four ta\a of the
Kthcostoma ftaheUarc species group.

ClKir.ictt-nstK

fin  ray  development  relative  to  size  (Table  4).
Etheostonm  kennicofti  can  be  separated  from
all  other  members  of  the  E.  flahellare  species
group  since  it  possesses  16  preanal  and  18-19
postanal  myomeres.  All  other  taxa  have  15
preanal  and  19-21  postanal  myomeres.  E.  ken-
nicofti  has  melanophores  scattered  across  the
yolk-sac  similar  to  E.  flohellare,  while  it  differs
in  possessing  a  dorsal  and  ventral  cluster  pos-
terior  to  the  anus.  The  other  three  taxa  can  be
separated  based  on  yolk-sac  diameter,  eye
shape,  and  ontogenetic  development  of  fin
rays.  The  duskytail  darter  has  a  spherical  eye
shape  while  both  subspecies  of  E.  flahellare
have  an  oval  eye  shape.  Significant  differences
exist  in  the  ontogenetic  development  of  fin
rays  between  E.  f.  flahellare  and  E.  f.  lineola-
tiini.  Development  of  fin  rays  is  more  preco-
cious  in  E.  f.  lineolatum,  occurring  at  smaller
length  intervals  for  all  but  the  formation  of  the
first  pelvic  fin  ray.  Yolk  sac  diameter  is  greatest
in  duskytail  darter  (48%  TL),  followed  by  E.
f.  lineolatum  (42%  TL),  and  E.  f.  flahellare
(31%  TL),  while  the  yolk  sac  is  absorbed  at
smaller  length  intervals  in  E.  f.  lineolatum  and
at  similar  sizes  for  E.  f.  flahellare  and  duskytail
darter.

Sympatric  species  of  Catonotus  are  likely  to

utilize  similar  slab  rock  habitat  for  spawning
(3),  and  thus,  their  larvae  and  juveniles  may
often  be  collected  in  the  same  habitat.  Differ-
ences  between  E.  f.  lineolatum  and  other  de-
scribed  Catonotus,  E.  squamiceps  and  E.  snii-
thi,  enable  accurate  identification  based  on
myomere  counts  and  pigmentation.  Etheosto-
nia  squamiceps  can  be  separated  from  E.  f.
lineolatum  because  the  former  possesses  16
preanal  and  18-19  postanal  myomeres  (9).
Etheostoma  smithi  has  similar  myomere
counts  to  E.  f.  lineolatum  but  differs  in  yolk
sac  diameter,  pigmentation,  and  formation  of
the  rays  (10).  Yolk  sac  diameter  is  smaller
(33.5%)  than  E.  f.  lineolatum;  pigmentation  is
restricted  to  the  nape,  ventral  yolk-sac,  and
mid-ventral  postanal  myosepta;  and fin ray for-
mation  occurs  later  than  in  E.  f.  lineolatum.
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