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Abstract

A  new  species  of  darter  of  subgenus  Oligocephalus  ,  genus  Etheostoma  ,  is  herein  de¬
scribed  relative  to  three  similar  and  geographically  proximal  Oligocephalus  -  E.  aspri-
gene  (Forbes),  E.  collettei  Birdsong  &  Knapp,  and  E.  swaini  (Jordan)  -  largely  con¬
fined  to  the  Gulf  Coastal  Plain  and  the  Central  Lowlands  of  the  eastern  United  States.
The  new  species  occurs  in  the  Neches,  Sabine  and  Calcasieu  river  systems  of  east  Tex¬
as  and  western  Louisiana.  It  is  most  closely  related  to  E.  asprigene.  It  differs  from  all
of  the  above  species  primarily  in  having  a  longer  spinous  dorsal  fin  base  and  a  narrow¬
er  transpelvic  width.  Nuptial  males  of  the  new  species  differ  in  breeding  coloration
and  have  significantly  shorter  snouts  and  caudal  peduncles,  and  narrower  bodies  than
nuptial  males  of  E.  asprigene  and  other  Oligocephalus  compared.  The  new  species  is
most  similar  to  E.  aprigene  in  physiognomy  and  body  pigmentation.

Keywords:  New  species,  Etheostoma  asprigene,  Oligocephalus,  Neches  River,  Sabine
River,  Calcasieu  River

Introduction

In  this  paper  we  describe  a  new  species  of  darter  of  subgenus  Oligocephalus  ,
genus  Etheostoma,  and  diagnose  it  relative  to  three  similar  and  geographically  proxi¬
mal  Oligocephalus—E.  asprigene  (Forbes),  E.  collettei  Birdsong  &  Knapp,  and  E.
swaini  (Jordan).  We  compare  meristic  and  morphometric  data  of  the  new  species  with
that  of  E.  asprigene  and  E.  collettei  from  localities  throughout  their  ranges,  and  with
that  of  E.  swaini  from  only  eastern  tributaries  to  the  Mississippi  River  and  from  the
Pearl  River  system  (type  locality).  The  new  species  is  most  closely  related  to  E.  aspri¬
gene.  We  follow  Lang  and  Mayden  (2007)  in  placing  the  new  species  in  the  E.  aspri¬
gene  species  group,  along  with  E.  asprigene  ,  E.  swaini  ,  E.  collettei  and  the  geograph¬
ically  restricted  and  spring-adapted  E.  ditrema  and  E.  nuchale.
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Materials  and  Methods

Specimens  of  the  new  species  and  comparative  material  of  E.  asprigene  ,  E.
collettei  ,  and  E.  swaini  were  borrowed  from  the  collections  at  Illinois  Natural  History
Survey  (INHS),  Louisiana  State  University  (LSUMZ),  Mississippi  Museum  of  Natural
Science  (MMNS),  Stanford  University  (SU)  housed  at  California  Academy  of  Scienc¬
es,  Tulane  University  (TU),  University  of  Arkansas  at  Fort  Smith  (UAFS),  University
of  Tennessee  (UT),  and  United  States  National  Museum  of  Natural  History  (USNM  ).
Paratypes  of  the  new  species  were  deposited  at  the  following  institutions  not  already
identified  above  as  detailed  in  the  material  listing  below:  Academy  of  Natural  Sciences
Philadelphia  (ANSP),  Cornell  University  Vertebrate  Museum  (CUVM,  Texas  Natural
History  Collection  (TNHC),  University  of  Alabama  (UAIC),  University  of  Florida  Mu¬
seum  of  Natural  History  (UF)  and  University  of  Michigan  Museum  of  Zoology
(UMMZ).

In  the  listing  of  type  material,  each  catalog  number  is  followed  by  the  number
of  specimens  seen  and  range  of  standard  length  (SL)  in  millimeters,  e.g.  (15,  28-50).
In  addition  to  standard  compass  directions  (with  the  following  “of’  deleted),  the  fol¬
lowing  abbreviations  are  used:  Cr.  =  Creek,  R.  =  River,  mi  =  mile(s),  trib.  =  tributary,
Hwy  =  Highway,  Rd  =  Road,  FM  =  Farm  Road,  jet.  =  junction,  Co.  =  County.  In  lists
of  materials  not  designated  as  types,  the  catalog  number  is  followed  by  the  number  of
specimens  seen,  enclosed  in  parentheses.  Although  catalog  numbers  identify  “lots’'  of
specimens,  we  intentionally  use  mileage  figures,  rather  than  metric  figures,  in  listing  of
materials  because  mileage  figures  are  so  recorded  in  the  catalog  and  perhaps  more  im¬
portantly  on  the  original  labels  in  the  jars.  Collection  dates  are  not  included  in  the  list¬
ing  of  nontype  materials.  Materials  examined  of  E.  asprigene  ,  E.  collettei  ,  and  E.
swaini  are  listed  only  by  institutional  acronym  and  catalog  number  under  “Additional
Material  Examined”  after  the  Literature  Cited;  for  each  subdivision  of  a  species'  range
listed  in  Tables  1-6  (E  .  asprigene  ,  Ohio  River  basin,  etc.),  the  mean  (x),  number  of
specimens  counted  (N),  and  range  (W)  are  listed  for  subsystems  (Wabash  River  sys¬
tem,  Green  River  system,  etc.)  that  appear  to  have  identical  values.  Meristic  ranges
listed  in  text  include  90%  or  more  of  the  counts  bracketed  by  parenthetical  extreme
values,  e.g.,  16-21  (14-22).

Except  for  recently  collected  specimens  from  the  type  locality  used  in  color
photographs,  all  of  our  collections  of  the  new  species  extend  from  25  January  1971  to
24  March  1979  from  the  Neches  River  system,  from  14  July  1964  to  9  July  1985  from
the  Sabine  River  system,  and  from  7  June  1956  to  12  March  1981  from  the  Calcasieu
River  drainage.  Names  used  for  associated  species  follow  Nelson  et  al.  (2004).

Counts  and  measurements  were  made  as  described  in  Hubbs  and  Lagler  (1958)
except  as  follows:  transverse  body  scales  were  counted  from  the  origin  of  the  anal  fin
diagonally  upward  to  the  base  of  the  spinous  dorsal  fin,  with  scales  of  reduced  size
along  base  of  dorsal  fin  included  in  the  count;  gill  rakers,  counted  on  the  anterior  arch
on  either  the  right  or  left  side,  included  both  dorsal  and  ventral  rudiments.  Presence  or
absence  of  scales  on  the  nape,  operculum,  lower  cheek,  breast,  and  prepectoral  area
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Figure 1. Etheostoma thompsoni , Holotype. TU 200366, Adult male 53.7 mm SL, Neches River, along
right (west) bank just below Town Bluff dam, at Town Bluff,  Tyler County, Texas, 16 February 1979.

Etheostoma  asprigene  :  Moore,  1968  (portion  of  range  in  Sabine  and  Neches
river  systems);  Starnes,  1980  (distribution  in  Sabine  and  Neches  river  systems);  Page,
1983  (portion  of  range  in  Sabine  and  Neches  river  systems);  Cummings  et  al.  1984
(portion  of  range  in  Sabine  and  Neches  river  systems);  Conner  and  Suttkus,  1986,
(portion  of  range  in  Sabine  Lake  and  Calcasieu  drainage);  Page  and  Burr,  1991
(portion  of  range  in  Sabine-Neches  river  drainage);  Thomas  et  al.  1998  (portion  of
range  in  Sabine  and  Neches  river  systems).
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Figure 2. Recently collected (March 2008) paratypes of E. thompsoni showing nuptial coloration of male
(top) and female (bottom).

Etheostoma  thompsoni  reaches  a  maximum  size  of  61  mm  SL  (a  female).  This  single
female  specimen  greatly  exceeds  the  largest  male  (holotype,  53.7  mm  SL).  Frequency
distributions  of  scale  and  fin  ray  counts  are  presented  in  Tables  1-6.  Lateral  line  usual¬
ly  incomplete:  total  lateral-line  scales  range  from  44-52  (42-54);  pored  lateral-line
scales  34-45  (31-48);  unpored  lateral-line  scales  (0,  1  specimen),  4-13  (1-18).  Caudal
peduncle  scale  rows  20-22  (18-24).  Transverse  sale  rows  14-17  (-18).  Dorsal  fin  with
10-11  (9-12)  spines  and  12-14  (11-15)  soft  rays.  Anal  fin  with  2  spines  and  7-8  (6-9),
modally  7  soft  rays.  Pectoral-fin  rays  14-15  (12-16),  modally  14  rays.  Branchiostegal
rays  (all  from  Neches  River  system)  number  6-6  (30),  6-7  (1),  or  7-7  (1).  Cephalic  sen¬
sory  canals  (left  side  only,  all  from  Neches  River  system)  complete  with  9(1),  10  (77),
or  11  (1)  preoperculomandibular  canal  pores;  7  (1),  8  (65),  9  (12),  or  10  (1)  infraorbital
canal  pores;  and  4  (46)  or  5  (1)  supraorbital  canal  pores.  Gill  rakers  (Neches  River  sys¬
tem)  10(3),  11(11),  12(11),  or  13(7).  Branched  caudal  rays,  scalation  of  cheek,  oper-
cle,  nape,  and  prepectoral  area,  proportional  measurements,  and  morphometries  dis¬
cussed  under  "Comparisons".

The  color  description  below  is  based  primarily  on  a  freshly  preserved  nuptial
male,  the  holotype,(Fig.  1),  collected  16  February  1979;  air  temperature  6°C,  water
temperature  11°C.  The  description  is  supplemented  by  information  from  two  smaller
males  collected  with  the  holotype  and  a  recently  collected  spawning  pair  (Fig.  2)  which
did  not  appear  to  be  at  the  peak  of  nuptial  development.

The  most  striking  body  pattern  is  the  five  bright  red  bars  that  alternate  with
dark  blue  bars  on  posterior  body  and  caudal  peduncle.  There  are  numerous  small,  red
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Figure 3. Map of southwestern Louisiana and southeastern Texas showing the distribution of E. thomp-
soni in the Calcasieu, Sabine and Neches rivers.
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Males

Females

♦  E.  thornpsoni  ■  E.  asprigene  A  E.  swaini  •  E.  collettei

Figure 4. Results of Canonical Discriminant Analysis showing variation in body proportions of males
(A) and females (B) of E. thompsoni and three species of Oligocephalus.
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Discussion

Of  the  species  of  Oligocephalus  compared  in  this  study,  E.  thompsoni  is  most
similar  to  E.  asprigene  ,  and  may  be  a  recent  Western  Gulf  Slope  derivative  of  that  spe¬
cies  based  on  shared  similarities  in  general  body  pigmentation,  nuptial  male  coloration,
and  body  morphometries.  Etheostoma  asprigene  occurs  throughout  the  Mississippi
River  Valley,  from  Minnesota/Wisconsin  southward  to  Louisiana,  including  the  lower
Ouachita  and  Red  rivers  of  Louisiana.  Etheostoma  thompsoni  occurs  just  to  the  west  of
the  Mississippi  River  Basin  in  the  Calcasieu,  Sabine,  Neches,  and  possibly  the  Mer-
mentau  river  systems.  Such  a  vicariant  event  is  unusual  among  currently  recognized
darter  species.  Nevertheless,  this  appears  to  represent  peripheral  isolation  west  of  the
Mississippi  River.

A  recent  molecular  phylogenetic  analysis  involving  mitochondrial  and  nuclear
gene  regions  consistently  resolved  Etheostoma  asprigene  ,  E.  collettei  and  E.  swaini  as
part  of  a  monophyletic  group  of  Oligocephalus  darters  -  referred  to  as  the  E.  asprigene
group  -  that  included  E.  nuchale  ,  E.  ditrema  and  E.  caerulueum  (Lang  and  Mayden
2007).  Etheostoma  collettei  was  always  sister  to  E.  swaini  in  nuclear  (S7  intron)  and
mitochondrial  (cytb)  gene  trees,  and  in  a  combined  data  analysis.  Lhese  species  were
sister  either  to  E.  nuchale  and  E.  ditrema  ,  or  to  E.  asprigene.  Lhe  analysis  did  not  in¬
clude  E.  thompsoni.

From  our  results,  it  would  appear  that  species-level  recognition  may  be  justified
for  populations  currently  identified  as  Etheostoma  swaini  from  eastern  tributaries  to  the
Mississippi  River.  They  differ  markedly  from  specimens  from  the  Pearl  River  drainage
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For  systems  that  are  consolidated  into  a  single  row  in  Tables  1-6,  we  provide
below,  means,  number  of  specimens,  and  range  of  values  for  the  following  characters:
total  lateral-line  scales  (LLS),  unpored  LLS  (LLU),  pored  LLS  (LLP),  scales  around
caudal  peduncle  (SACP),  transverse  scale  rows  (TR),  dorsal  fin  spines  (Dl),  dorsal  fin
soft  rays  (D2),  anal  fin  soft  rays  (A),  and  left  pectoral  fin  rays  (P).
Etheostoma  asprigene.  Mississippi  River  and  tributaries  above  mouth  of  Ohio
River:  SU  2201,  USNM  34415,  UT  91.134,  UT  91.6545,  INHS  12594,  INHS  87621,
INHS  25597,  INHS  87622;  LLS,  49.5,  54,  46-55;  LLU,  10.1,  57,  6-13;  LLP,  39.2,  55,
34-45;  SACP,  19.8,  42,  18-22,  TR,  13.8,  43,  13-16;  Dl,  10.3,  51,  9-11;  D2,  11.5,  51,
10-14;  A,  7.3,  52,  6-9;  P,  13.7,  36,  12-15.  Ohio  River  Basin,  Green  River  system:  UT
91.5437,  UT  91.6100;  LLS,  45.4,  22,  42-49;  LLU,  9.6,  20,  7-15;  LLP,  35*9,  21,  33-

40;  SACP,  21.2,  11,  20-22;  TR,  14.5,  13,  13-16;  Dl,  10.2,  23,  9-11;  D2,  11.4,  23,  10-
12;  A,  7.8,  23,  7-9;  P,  13.4,  23,  12-15.  Wabash  River  system:  USNM66960,  US
91.1711,  UT  91.1714,  UT  91.3142,  UT  91.3183,  TU  19290,  TU  19329,  TU  101164;
LLS,  49.1,  56,  43-55;  LLU,  11.7,  37,  7-16;  LLP,  36.8,  40,  29-43;  SACP,  21.1,  33,
19.24;  TR,  14.9,  30,  13-17;  Dl,  10.3,  41,  9-11;  D2,  12.9,  41,  11-15;  A,  7.8,  41,  6-9;  P,
X  13.8,  41,  13-16.  Cumberland  River  drainage  :  UT  91.1107,  UT  91.3722,  UT
91.5234;  LLS,  47.8,  11,  44-52;  LLU,  8.6,  11,  4-12;  LLP,  39.6,  12,  32-46;  SACP,
21.7,  8,  21-23;  TR,  16.0,  9,  15-17;  Dl,  9.4,  10,  9-10;  D2,  12.9,  10,  12-14;  A,  7.8,  10,
7.9;  P,  13.8,  10,  13-15.  Tennessee  River  drainage:  UT  91.2842,  UT  91.2843,  UT
91.4643,  UT  91.5234,  TU  89447;  LLS,  47.4,  31,  42-52;  LLU,  9.9,  26,  5-13;  LLP,
37.6,  30,  32-42;  SACP,  21.7,  33,  19-24;  TR,  14.6,  31,  13-16;  Dl,  10.3,  32,  9-11;  D2,
13.2,  43,  12-14;  A,  8.0,  32,  7-9;  P,  13.9,  32,  13-15.  Mississippi  River  and  smaller
tributaries  below  mouth  of  Ohio  River:  MMNS  30684,  UAFS  1400  UAFS  1696,
UAFS  1848,  UAFS  1894,  UAFS  1898,  UT  91.138,  UT  91.553,  UT  91.564,  UT  91.599,
UT  91.1286,  UT  91.2632,  UT  91.3040,  UT  91.3410,  UT  91.4079,  UT  91.5424,  TU
99565,  TU  108113;  LLS,  50.0,  143,  40-57;  LLU,  9.6,  118,  5-17;  LLP,  39.9,  135,  30-
48;  SACP,  21.5,  47,  20-24;  TR,  15.3,  60,  13-19;  Dl,  10.3,  93,  9-12;  D2,  13.3,  91,  12-
15;  A,  7.9,  89,  6-10;  P,  14.0,  92,  13-15.  White  River  system  :  UAFS0895,  UAFS0892,
UAFS  0898,  UAFS  0899,  UAFS  0902,  UAFS  0903,  UAFS  0904,  UAFS  1593,  UAFS
1667;  LLS,  47.6,  33,  44-52;  LLU,  8.5,  28,  3-13;  LLP,  38.8,  28,  33-43;  SACP,  20.9,
25,  19-23;  TR,  15.7,  25,  14-17;  Dl,  10.3,  43,  9-11;  D2,  13.2,  43,  12-15;  A,  7.6,  43,  7-
8;  P,  13.9,  43,  13-15.  Arkansas  River  system:  UAFS  0894,  UAFS  0900,  UAFS  1847:
LLS,  47.0,  34,  43-53;  LLU,  8.5,  28,  4-13;  LLP,  38.3,  32,  34-43,  SACP,  24.4,  20,  20-
22;  TR,  15.5,  25,  14-17;  Dl,  10.4,  36,  10-12;  D2,  12.4,  N  36,  12-15;  A,  7.8,  35,  6-9;  P,
13.8,  35,  13-15.  Red  River  system:  AR:  UAFS  1345,  UAFS  1356,  UAFS  1697,  UAFS
1849;  LLS,  48.7,  4,  46-51;  LLU,  5.0,  2,  2-8;  LLP,  43.5,  2,  43-44;  SACP,  21.5,  4,  21-
22;  TR,  16.5,  4,  16-17;  Dl,  10.0,  4,  10;  D2,  12.3,  4,  11-13;  A,  7.8,  4,  7-8;  P,  14.0,  3,
14.  LA:  USNM  173058:  LLS,  50.1,  9,  48-53;  LLU,  9.8,  9,  8-12;  LLP,  37,  37-43.
Etheostoma  collettei  Red  River  system,  LA:  TU  55133:  LLS,  50.3,  28;  46-55;  LLU,
11.6,  28,  8-16;  LLP,  38.6,  28,  36-42;  SACP,  21.7,  28,  20-24;  TR,  16.1,  28,  14-18;  Dl,
10.8,  28,  10-12;  D2,  12.6,  28,  12-14;  A,  7.1,  28,  6-8;  P,  13.0,  28,  12-13.  Ouachita
River  system,  AR:  USNM  165915,  TU  100993:  LLS,  49.7,  18,  46-54;  LLU,  13.8,  18,
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7-25;  LLP,  35.9,  18,  27-41;  SACP,  20.6,  8,  17-23;  TR,  15.7,  8,  15-17;  Dl,  10.4,  8,  10-
11;  D2,  12.2,  8,  15-17;  A,  6.9,  8,  6-7  P,  13.0,  8,  13,  LA:  TU  76092:  LLS,  49.5,  48;  44
-56;  LLU,  15.0,  48,  10-26;  LLP,  34.5,  48,  24-40;  SACP,  20.2,  48,  18-23;  TR,  15.1,
48,  13-17;  Dl,  10.2,  48,  9-12;  D2,  12.6,  48,  11-14;  A,  7.0,  48,  6-8;  P,  13.0,  48,  12-14.
Etheostoma  swaini.  Obion  River  system:  UT  91.306,  UT  91.963,  UT  91.1608,  UT
91.2292,  UT  91.2756;  LLS,  46.8,  35,  43-51;  LLU,  6.2,  38,  1-10;  LLP,  40.3,  38,  35-46;
SACP,  20.1,  23,  19-22;  TR,  14.9,  23,  13=17;  Dl,  10.7,  42,  9-12;  D2,  11.7,  42,  10-13;
A,  7.3,  42,  7-8;  P,  12.9,  42,  12=14.  Forked  Deer  River  system:  UT  91.84,  UT
91.1268,  UT  91.1276,  UT  91.1279,  UT  91.1350,  UT  91.1355;  LLS,  46.8,  50,  41-54;
LLU,  7.2,  49,  1-12;  LLP,  39.7,  48,  32-48;  SACP,  20.6,  25,  19-22;  TR,  14.8,  24,  13-
16;  Dl,  10.3,  50,  10-12;  D2,  11.7,  50,  11-13;  A,  7.4,  50,  6-8;  P,  12.9,  49,  12-14;
Hatchie  River  system:  UT  91.275,  UT  91.533,  UT  91.534,  UT  91.915,  UT  91.918,
UT  91.928,  UT  91.6061,  UT  91.6088,  UT  91.6668;  LLS,  47.1,  45,  43-52;  LLU,  7.9,
44,  3-16;  LLP,  39.1,  44,  31-47;  SACP,  20.5,  17,  19-22;  TR,  15.0,  17,  13-16;  Dl,  10.6,
48,  10-11;  D2,  11.6,  48,  9-13;  A,  7.2,  40,  6-8;  P,  12.8,  45,  12-14;  Wolf  River  system:
UT  91.2934,  UT  91.5907;  LLS,  47.6,  29,  44-52;  LLU,  5.1,  29,  1-11;  LLP,  42.5,  29,  35
-49;  SACP,  20.2,  26,  19-22;  TR,  15.2,  27,  14-17;  Dl,  10.8,  35,  10-12;  D2,  11.7,  35,  11
-13;  A,  7.2,  35,  6-8;  P,  13.2,  35,  11-15;  Yazoo  River  system:  TU  158073,  TU
162800,  TU  163328,  UT  91.2171  UT  91.3541;  LLS,  46.0,  1,  41-50;  LLU,  4.4,  17,  0-7;
LLP,  41.5,  17,  35-48;  SACP,  19.9,  17,  18-21;  TR,  15.2,  17,  14-17;  Dl,  10.6,  16,  8-12;
D2,  12.5,  17,  11-13;  A,  7.2,  17,  6-8;  P,  13.2,  17,  12-14;  Big  Black  River  system:  TU
79980,  TU  133582,  UT  91.2476,  UT  91.3401;  LLS,  46.7,  51,  38-52;  LLU,  6.3,  51,  1-
13;  LLP,  40.4,  51,  32-46;  SACP,  19.5,  41,  18-21;  TR,  15.4,  42,  13-18;  Dl,  11.0,  43,
10-12;  D2,  12.2,  43,  11-14;  A,  7.3,  34,  7-8;  P,  13.3,  34,  12-14;  Homochitto  River  sys¬
tem:  TU  55431,  TU  66983,  UT  91.3406;  LLS,  46.3,  68,  40-52;  LLU,  3.3,  68,  0-9;
LLP,  43.0,  68,  37-52;  SACP,  19.2,  33,  18-21;  TR,  14.3,  33,  12-16;  Dl,  10.9,  33,  10-
12;  D2,  11.6,  33,  11-13;  A,  6.8,  33,  6-8;  P,  13.3,  33,  12-14.  Mississippi  River:  TU
55398,  66841,  TU  99565,  TU  108113,  Pearl  River  system:  USNM  35308,  TU
43119,  UT  91.3424,  UT  91.306,  UT  91.1922;  LLS,  39.9,  62,  36-44;  LLU,  5.0,  6.2,
0.9;  LLP,  35.0,  62,  30-43;  SACP,  16.7,  40,  14-19;  TR,  12.2,  40,  10-14;  Dl,  10.4,  45,
9-11;  D2,  11.6,  44,  10-13;  A,  6.5,  48,  5.8;  P,  12.5,  46,  12-14.



Table 1. Frequency distributions of total lateral-line scales in Etheostoma thompsoni, E. collettei, E. asprigene, and E. swaini

24 Tulane  Studies  in  Zoology  and  Botany  [Vol.  32,  No.l  2012]

Q

Os'O
ooin

*n
o

jg 10
13 os
OGO

I
oo

i>

<D VO
ts  ^
»—1 in
13 " t
o 3;H  ^

cn

(N

o

Oscn
oocn
i>cn
VOcn

(N

sio<n>

o
•S

S-H(D
Pi
cn<D <D

1 -hCD
£  ai

=S<D

^2c3
OH

XOCD
z

J
X

O

cnC3
1§  ^

oVJ

cn

cn

oo

cn r--

<N

<N

<N

si• ^

oi
b'M

. Xfl
_g -£2rS cn
±3 -52
s
ID+->cno3

w

l-H<D !-o3<D
Oh



Table 2. Frequency distributions of unpored lateral-line scales in Etheostoma thompsoni, E. collettei, E. asprigene, and E. swaini Unpored Lateral-line Scales
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Table 3. Frequency distributions of pored lateral-line scales in Etheostoma thompsoni, E. collettei, E. asprigene, and E. swaini
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Table 7. Comparison of 19 body measurements expressed as proportions of standard length for males and females of four species of Oligocephalus. Superscripted letters are SNK groupings based on AN OVA comparison within sexes (proportions with the same letter are not significantly different.
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