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Table  1. — Gnathal  Index  (GI),  Mandibular  Size  Index  (MSI),  and  Mandibular  Power  Index  (MPI)  obtained
from  the  analysis  of  females  and  males  of  some  American  species  of  Mesocyclops.  Species  arranged  alphabet-

ically; numbers  between  parentheses  indicate  the  rank  of  the  MPI  value.

Species GI MSI MPI

M.  aspericornis  (Daday,  1906)  (9)
M.  brasiliamis  Kiefer,  1936  (9)
M.  brasilianus  {6)
M.  chad  Piers,  1996  (9)
M.  edax  (Forbes,  1891)  (9)
M.  evadomingoi  Gutierrez- Aguirre,  2001a  (9)
M.  longisetus  s.str.  (Thiebaud,  1912)  (9)
M.  longisetus  curvatus  Dussart,  1987  (9)
M.  pescei  Petkovski,  1986  (9)
M.  pescei  {6)
M.  residue  Petkovski,  1986  (9)
M.  reidae  {S)
M.  thermocyclopoides  (Harada,  1931)  (9)
M.  thermocyclopoides  {S)
M.  >7/f5// Reid,  1996  (9)

of   Mesocyclops   known  to   be   distributed   in
Mexico   (Suarez-Morales   &   Reid   1998,   Gu-

tierrez-Aguirre  &  Suarez-Morales  2001a,
2001b;  Fiers  et   al.   2000),   representing  close
to  60%  of  the  species  currently  known  from
the   neotropics   (Gutierrez-  Aguirre   &   Sua-

rez-Morales 2001b).  In  this  work,  analyzes
the  structure  of  the  mandibular  edge  of  ten
species  and  one  subspecies  of  Mesocyclops,
all  of  them  known  to  be  distributed  in  Mex-

ico and  Central  America,  and  some  found
also   in   North   America.   The   mandible   edge
structure   and   relative   size   are   determined
for   the   species   of   Mesocyclops   examined,
and  variations  among  species  are  discussed
in  relation  to  their   feeding  habits.   A  quan-

titative aspect  of  this  question  is  analyzed
through  different   indexes,   one  of   them  de-

rived from  a  formula  first  proposed  by  Itoh
(1970)   for   the   evaluation   of   the   mandible
structure   of   marine   calanoid   copepods.

Methods

Specimens   were   obtained   from   field   col-
lections of  zooplankton  in  different  fresh-

water environments  of  Mexico.  The  meth-
ods of  collection  and  sampling  sites  in

Mexico   are   described   in   Suarez-Morales   et
al.    (1996)    and    in    Gutierrez- Aguirre   and

Suarez-Morales   (2001a).   Additional   type
and   non-type   material   was   requested   on
loan  to  different  museums  harboring  collec-

tions of  American  Mesocyclops,  the  Nation-
al Museum  of  Natural  History,  Smithsonian

Institution   at   Washington,   D.C.   (USNM),
the   Museum   National   d'   Histoire   Naturelle,
Paris   (MNHN-Cop),   and   El   Colegio   de   la
Frontera   Sur,   Unidad   Chetumal,   Chetumal,
Mexico   (ECO-CHZ)   (see   Suarez-Morales
&   Gutierrez-  Aguirre   2001).   Female   speci-

mens of  eleven  species  or  subspecies  plus
males   of   four   species   of   Mesocyclops   rec-

ognized in  Mexico  and  Central  America
were   analyzed   (see   Table   1).   Examination
followed   dissection   of   the   mandibles   and
included   camera-lucida   illustrations   of   the
mandibular   edge   detailing   the   teeth   width,
height,  number,  and  separation.

Mandibular   morphology.  —  In   general,
the   morphological   interpretation   proposed
by   Huys   &   Boxshall   (1991)   was   followed.
The  gnathobase  is  a  ventral  extension  of  the
coxa;  it  has  a  variable  number  of  non-artic-

ulation elements,  that  are  the  teeth.  The
mandible  edge  bears  a  proximal  seta  and  in
some   cases   an   inner,   flexible   setiform   ex-

tension (named  "inner"  proximal  tooth).
Both   elements,   the   proximal   seta   and   the
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Fig.  1 .  Structure  and  nomenclature  of  the  mandibular  edge  of  males  and  females  of  species  of  Mesocyclops
from  Mexico:  A)  M.  yutsil  (9),  showing  factors  used  in  index  formulae;  B)  M.  chad  (9);  C)  M.  edax  (9),
showing  nomenclature  of  mandibular  structures.  Outer  dorsal  seta  and  inner  dorsal  tooth  are  proximal;  blade  is
distal;  D)  M.  aspericornis  (9);  E)  M.  evadomingoi  (9).

inner   tooth,   can   have   epicuticular   exten-
sions (such  as  setules  or  as  pinnate  elements

mostly   uniserially   arranged).   In   some   spe-
cies these  extensions  are  noticeably  strong,

we   named   these   structures   "accessory
teeth"   (see   Fig.   IC).   In   Mesocyclops,   the
distal  edge  of  the  gnathobase  has  a  notice-

ably larger  tooth;  it  can  be  simple  (as  in
Fig.   lA)   or   formed  by   a   cluster   of   two  or
more   teeth   (see   Fig.   IC,   E).   This   structure
is  known  herein  as  the  blade  (see  Fig.  IC),

but  it  was  counted  as  one  tooth  and  also  is
used  as  a  reference  for  measurements  of  the
other   teeth.   There   are   setiform   structures
along   the   mandible   edge,   arising   near   the
base  of  the  teeth;  these  are  not  true  setae,
and  are  named  denticles  for  the  purposes  of
this   work   (Fig.   IC).   The   same   nomencla-

ture was  used  in  the  descriptions  of  the
mandibular   structure.

Formulae.  —  The   mandibular   elements
(teeth   number,   edge   width,   height)   were
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evaluated  with  an  index  based  on  the  Edge
Index  (EI)  proposed  by  Itoh  (1970)  for  ma-

rine calanoid  copepods.  The  original  for-
mula of  this  EI  is  as  follows:

EI   =   S   (wiAV   X   hi/H   X   10^)   X   1/N
where  W  is   the  width  of   the  edge  of   the
gnathobase,   measured   from   distal   tooth   to
proximal  seta,  and  wi  the  width  of  the  space
between  each  pair  of  adjacent  teeth,  respec-

tively. Factor  H  is  the  height  of  the  main
tooth  (blade)  and  hi  the  height  of  each  re-

maining tooth,  respectively  (Itoh  1970),  and
N  is  the  number  of  teeth.  We  modified  this
formula   substituting   the   meaning   of   wi   by
the  actual  width  of  the  teeth  (not  the  space
between  each  tooth  as  in  the  Itho's  formula)
and  rearranged  the  factors.  The  name  of  the
resulting  value  was  changed  herein  to  gna-
thal   index  (GI),   the  resulting  formula  as:

GI   =   5:   ((wiAV   X   1/N)(hi/H   X   1/N))

X  1000
where  wi  is  the  width  of  each  tooth,  not  the
space  between  them  and  W  is  the  width  of
the  edge  of  the  gnathobase;  hi  is  the  height
of  each  tooth  and  H  is  the  maximum  height
of   the   blade   tooth   (see   Fig.   lA).   The   first
factor   indicates   the   width   of   each   tooth
compared  to  the  total  edge  width,  the  sum
of  all   individual   tooth  widths  gives  an  idea
of  the  how  much  of  edge  of  the  gnathobase
is   take   up   by   teeth.   A   value   of   1   would
imply  that  all   the  available  edge  is  covered
by   teeth.   However,   for   some   species   the
factor  figure  is  over  1 ,  if  teeth  are  arranged
in   more   than   one   row.   Dividing   the   result
of   this   factor   by   the   number   of   teeth,   we
obtain  the  average  tooth  width.  The  second
factor   iss   designed   to   indicate   how   high
teeth  are  when  compared  to  the  highest  one
(the   blade);   dividing   this   product   by   the
number  of  teeth  provides  an  average  tooth
height.   The   overall   product   of   multiplying
the  average  height  and  width  is  an  idea  on
how  strong  each  tooth  is   in   the  mandible,
the   higher   and   wider,   the   stronger.   Addi-

tionally, we  formulated  a  mandibular  size
index   (MSI)   to   quantify   the   length   of   the
edge  of  the  gnathobase  as  it  relates  to  the

total  body  length  of  the  specimen.  This  in-
dex is  obtained  from  the  following  formula:

MSI   =   W/TL   X   100,   where   W  is   the   width
of   the  mandible  edge  (in   iJim)  and  TL  the
length  of  the  species  (in  jjim)  including  the
caudal  rami.  This  index  is  expected  to  pro-

vide a  comparative  estimation  on  how  large
are  the  mandibles  with  respect   to  the  size
of   the   copepod.   The   figure   obtained   is   a
percentage,   scaled   to   100.   The   relation   be-

tween TL  and  MSI  was  analyzed  statisti-
cally by  determining  the  correlation  factor

(r).   Finally,   by   multiplying   GI   by   MSI,   the
mandibular   power   index   (MPI)   is   obtained,
which   provides   a   measure   of   the   strength-
size   combination   of   the   mandibles   of   each
species.   That   is,   a   species   with   a   high   GI
will   not   necessarily   have   a   high   strength-
size  combination,   if   the  width  of   the  blade
is  small  relative  to  the  length  of  the  speci-

men (as  indicated  by  the  MSI).

Results

Material   examined. — Me socy clops  asper-
icornis:   3   adult   $   $   from   small   reservoir
near   km   90   of   the   highway   Culiacan-Los
Mochis,   Sinaloa,   Mexico   (25°17'N,
107°47'W);   1   adult   $   from  Anapoima,   Cun-
dinamarca,   Colombia   (04°33'N,   074°32'W),
USNM-2  16634;   M   brasilianus:   6   adult   $   9,
2   adult   6   S   from   Sayaxche,   Guatemala
(16°31'57"N,   90°iri8"W).   1   adult   9,   Man-
tecal,   Venezuela,   Collection   of   B.   Dussart,
MNHN   Cp   821,   1   adult   S,   Lago   Valencia,
Venezuela   (10°10'N,   0.67°45'00"W),
USNM-204662;   M.   chad:   1   adult   9  ,   1   adult
d,   Gruta   Tza-Ma,   Yucatan,   Mexico
(USNM-274244);   M.   edax,   2   adult   9   9   from
Cranes   Pond,   North   Carolina,   USA,   1   adult
9 ,   Cenote  Viejo,   central   Quintana  Roo,   Yu-

catan Peninsula,  Mexico,  USNM-259699;
M.  evadomingoi,  holotype  specimen,  pond  at
km   45   of   the   Jonuta-Villahermosa   federal
road.   Tabasco,   Mexico   (17°58'44"N,
92°14'11"W),   slides   ECO-CHZ   01157   (9),
paratype   ECO-CHZ   01159   (c?);   M.   longi-
setus  s.  str.:  4  adult  9  9  from  small  temporal
pond   near   Comitan   city,   Chiapas,   Mexico
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(16°09'57"N,   92°05'23"W),   2   adult   9$,   2
adult  6  6 ,   pond  at  Km  5 1  Jonuta- Villaher-
mosa   federal   road.   Tabasco,   Mexico
(18°23'16"N,   92°47'0"W);   M   longisetus   cur-
vatus:  3  adult  $  $  from  small  pond  at  km
45,  Jonuta- Villahermosa  federal  road.  Tabas-

co,  Mexico   (17°58'44"N,   92°14'11"W),   3
adult   ?  9 ,   Cenote  Catedrales,   central   Quin-
tana   Roo,   Yucatan   Peninsula,   Mexico,
USNM-259687;   M   pescei:   11   $9,   5   6S
from   small   pond   km   45,   Jonuta-  Villaher-

mosa  federal   road.   Tabasco,   Mexico
(17°58'44"N,   92°14'11"W);   M.   reidae:   1
adult   9,   1   adult   6   from  Tabano,   Cuba;   M.
thermocyclopoides'.   3   adult   9   9,1   adult   c^
from   Pulsar,   Tabasco,   Mexico   (17°39'10"N,
9r33'23"W),   2   adult   9   9,2   adult   SS,   from
small  pond  at  km  45  of  the  Jonuta- Villaher-

mosa  federal   road.   Tabasco,   Mexico
(17°58'44"N,  92°14'1 1"W);  M.  yutsil:   2  adult
9   9   (USNM-259843,   USNM-259846))   from
cenote   Yuncu,   Yucatan   Peninsula,   Mexico;
1  adult  9 ,  Cenote  Mucuyche,  Yucatan,  Mex-

ico (USNM-259848).
Structure   of   mandibles.  —  The   mandibu-
lar edge  in  this  genus  follows  a  general  pat-

tern, with  a  strong  blade  which  is,  in  most
cases,  the  largest  and  strongest  one  on  the
gnathal  edge  (Fig.  1).  In  some  species  such
as   M.   evadomingoi   (9),   M.   pescei   {S  ,   9),
and  M.  thermocyclopoides  ( 9 ),  the  blade  is
formed  by  a  cluster  of  two  or  more  teeth.
A   row  or   rows  of   smaller   teeth   follow  to-

ward the  proximal  end.  Teeth  may  be  bi-
cuspidal  or  multicuspidal.  Teeth  have  a  var-

iable basal  width  and  may  have  groups  or
rows   of   small   denticles   at   their   base.   In
some   species,   the   inner   proximal   tooth   is
quite  strong  and  armed  with  two  or   more
internal   accessory   teeth   (i.e.,   M.   edax,   M.
longisetus  s.str.).  The  structure  of  the  blade
showed  some  range  of  variation  in  the  spe-

cies of  Mesocyclops  studied  (Figs.  1,  2).  A
brief   description   of   the   mandibular   mor-

phology of  each  species  and  sex  examined
is   given   below   together   with   the   percent
variability   of   the   indexes   estimated;   this   is
provided  only  for  those  species  in  which  we
could   evaluate   these   variation.   Total   num-

ber of  teeth  includes  the  blade  and  the  inner
proximal   tooth.   GI,   MSI,   MPI   are   given   in
Table  1 .  When  material  was  available  to  de-

termine the  variability  of  the  indices,  the
percentage  range  of   variation  from  the  av-

erage is  indicated  in  each  case  for  the  spe-
cies.

Mesocyclops   aspericornis   (9):   Gnatho-
base  with  10-11  wide-based  teeth,   all   mon-
ocuspidal.  Distal  blade  of  three  teeth.  A  sin-

gle row  of  6  denticles  inserted  near  base  of
teeth  on  central  part  of  gnathal  edge.  Prox-

imal seta  spinulated;  inner  proximal  tooth
with   row  of   four   accessory   teeth   (Fig.   ID).
Variability   in   percent   with   respect   to   aver-

age:  GSI   (11.9%),   MSI   (8.8%),   MPI
(18.4%).

Mesocyclops   brasilianus   (9):   Gnatho-
base  with  8  wide-based  teeth,  all  teeth  mon-
ocuspidal.   Two   paired   sets   of   denticles   in-

serted near  base  of  teeth  on  central  part  of
gnathobase.   Proximal   seta   slender,   long,
with   row   of   setules   on   inner   margin   (Fig.
2B).   Inner   proximal   tooth   naked.   Variability
in   percent   with   respect   to   average:   GSI
(14.1%),   MSI   (9%),   MPI   (5.1%).

Mesocyclops   brasilianus   {S):   Gnatho-
base with  4  wide-based  teeth,  all  teeth  mon-

ocuspidal.   Blade   a   cluster   with   two   distal
teeth.  Two  groups  of  denticles  inserted  near
base  of  teeth  on  central  part  of  gnathobase.
Proximal   seta   short,   lightly   setulated   (Fig.
2A).   Variability   in   percent   with   respect   to
average:   GSI   (12.3%),   MSI   (8.7%),   MPI
(19.3%).

Mesocyclops   chad   (9):   Gnathobase
forming   cluster   of   3-4   wide-based   teeth,
proximal  seta  biserially   pinnate.   Inner  prox-

imal tooth  slender,  setiform,  next  proximal
tooth   tetracuspidal,   next   one   monocuspidal,
next   one   bicuspidal,   distal   monocuspidal,
blade   formed   by   a   cluster   of   three   teeth.
Row  of   six   denticles   inserted  near   base  of
bicuspidal   tooth  on  central   part   of   gnatho-

base (Fig.  IB).
Mesocyclops   evadomingoi   (9):   Gnatho-

base wide,  with  12  wide-based  teeth,  all
monocuspidal.   Distal   cluster   of   three   teeth
partially   fused   to   blade.   Row   of   five   den-
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Fig.  2.  Structure  of  the  mandibular  edge  of  males  and  females  of  species  of  Mesocyclops  from  Mexico;  A)
M.  brasilianus  {6)\  B)  M.  brasilianus  (9);  C)  M.  pescei  {6)\  D)  M.  pescei  (9);  E)  M.  longisetus  ciirvatus
(&femlae;);  F)  M.  longisetus  s.str.  (9);  G)  M.  thermocyclopoides  {6);  H)  M.  thermocyclopoides  (9);  I)  M.  reidae
(9);  J)  M.  reidae  {6).
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tides  inserted  near  base  of  teeth  on  central
part   of   gnathobase.   Outermost   proximal
seta   long,   with   uniserial   row   of   spinules
along   inner   margin;   inner   proximal   tooth
relatively   short,   with   row   of   3-4   secondary
teeth   on   inner   margin   (Fig.   IE).   Variability
in   percent   with   respect   to   average:   GSI
(4.4%),   MSI   (3.4%),   MPI   (0.3%).

Mesocyclops   edax   (9):   Gnathobase   with
13   wide-based   teeth,   all   monocuspidal.   A
single   row   of   6-7   denticles   inserted   near
base  of  the  teeth  on  central  part  of  the  gna-
thal  edge.  Distal  cluster  of  three  strong  teeth
clustering   partially   with   blade.   Proximal
seta   heavily   spinulated   along   inner   margin
only.   Inner   proximal   tooth   with   2-3   strong
accessory   teeth   (Fig.   IC).   Variability   in   per-

cent with  respect  to  average:  GSI  (4.7%),
MSI   (2.3%),   MPI   (4.5%).

Mesocyclops   longisetus   s.str.   (9):
Gnathobase   with   8-10   wide-based   teeth,   all
teeth   monocuspidal.   Row   of   five   denticles
inserted  near  base  of  teeth  on  central  part
of   gnathobase.   Proximal   seta   relatively
long,   slender,   with   inner   row  of   short   set-
ules.  Inner  proximal  tooth  with  three  strong
accessory   teeth   (Fig.   2F).   Variability   in   per-

cent with  respect  to  average:  GSI  (20.6%),
MSI   (2.9%),   MPI   (22.3%).

Mesocyclops   longisetus   curvatus   (9):
Gnathobase   with   10-11   wide-based   teeth,
all   teeth   monocuspidal.   Blade   with   blunt
tip.   Proximal   seta   relatively   long,   slender,
with   inner   row   of   short   spinules.   Inner
proximal   tooth   naked,   shorter   than   the
proximal   seta   (Fig.   2E).   Variability   in   per-

cent with  respect  to  average:  GSI  (14.4%),
MSI   (16.4%),   MPI   (27.4%).

Mesocyclops   pescei   (9):   Gnathobase
with   12   teeth,   all   monocuspidal.   Base   of
teeth   unornamented.   Distal   cluster   of   four
teeth   partially   fused   with   blade.   Proximal
seta   long,   strongly   spinulated   along   inner
margin.   Inner   proximal   tooth   slender,   na-

ked, slightly  longer  than  proximal  seta  (Fig.
2D).   Variability   in   percent   with   respect   to
average:   GSI   (15%),   MSI   (6.9%),   MPI
(16.2%).

Mesocyclops     pescei     {6)\      Gnathobase

with  1 1  wide-based  teeth,  all  monocuspidal.
Base  of  teeth  unornamented.  Blade  partially
fused   to   two   adjacent   teeth.   Proximal   seta
relatively   long,   with   row   of   spinules   along
inner  margin.   Inner  proximal   tooth  slender,
slightly  shorter,  with  row  of  small,  weak  ac-

cessory teeth  along  inner  margin  (Fig.  2C).
Variability   in   percent   with   respect   to   aver-

age:  GSI   (37.4%),   MSI   (15.5%),   MPI
(29.5%).

Mesocyclops   reidae   (9):   Gnathobase
with  10  wide-based  teeth,   all   monocuspidal.
Base  of  teeth  with  single  row  of  four  den-

ticles inserted  on  central  surface  of  base.
Distal  cluster  of  2-3  teeth  with  blade.  Prox-

imal seta  relatively  long,  with  row  of  short
spinules  along  inner  margin.  Inner  proximal
tooth  slender,  slightly  shorter  than  proximal
seta,   with   three   accessory   teeth   on   inner
margin   (Fig.   II).

Mesocyclops   reidae   {S):   Gnathobase
with   9   wide-based   teeth,   all   monocuspidal.
Base   of   teeth   with   row   of   2-3   denticles.
Distal   cluster   of   three   teeth   with   blade.
Proximal   seta   with   row   of   short   setules
along   inner   margin.   Inner   proximal   tooth
slightly   shorter,   naked   (Fig.   IJ).

Mesocyclops   thermocyclopoides   (9):
Gnathobase   with   12-13   wide-based   teeth,
all   teeth   monocuspidal.   Row   of   four   denti-

cles inserted  near  base  of  teeth  on  central
part   of   gnathobase.   Distal   cluster   of   3-4
teeth   partially   fused   with   blade.   Proximal
seta  relatively  long,  slender,  with  inner  row
of   strong   spinules.   Inner   proximal   tooth
slender,   naked   (Fig.   2H).   Variability   in   per-

cent with  respect  to  average:  GSI  (10.3%),
MSI   (17.9%),   MPI   (7.6%).

Mesocyclops   thermocyclopoides   {S):
Gnathobase   with   8   teeth,   all   teeth   mono-

cuspidal. Blade  clustered  with  one  tooth.
Two  or  three  denticles  inserted  near  base  of
teeth  on  central   part   of   gnathobase.   Proxi-

mal seta  relatively  long,  slender,  naked.  In-
ner proximal  tooth  absent  or  reduced  (Fig.

2G).
Mesocyclops   yutsil   (9):   Gnathobase   with

4   wide-based   teeth,   including   large   blade;
all   moncuspidal.   Row   of   five   denticles   in-
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Fig.  3.  MSI  vs.  TL  logarithmic  (In)  regression.  Ellipses  indicate  two  major  groups  with  distinct  features  (see
text  por  explanation)  including  both  males  (triangles)  and  females  (squares).  Arrow  indicate  the  species  with
highest  TL  and  MSI  values.  Species  abbreviations  as:  Ma  =  M.  aspericonis;  Mb  =  M.  brasilianus;  Mc  =  M.
chad;  Med  =  M.  edax\  Mev  =  M.  evadomingoi\  Mis  =  M.  longisetus  sensu  stricto;  Mlc  =  M.  longisetus
curvatus;  Mp  =  M.  pescei;  Mr  =  M.  reidae;  Mt  =  M.  thermocyclopoides;  My  =  M.  yutsil.

serted  diagonally  near  base  of  teeth  on  cen-
tral part  of  gnathobase.  Proximal  seta  rela-

tively short,  as  long  as  adjacent  teeth,  with
inner   row   of   short   spinules   (Fig.   lA).

Discussion

The   Mandibular   Power   Index   (MPI)   of
species   of   Mesocyclops   comparable   numer-

ical data  which  are  presented  in  Table  1.
The   highest   MPI   value   was   that   of   Meso-

cyclops edax,  followed  by  M.  aspericornis,
whereas  the  lowest  figure  was  shown  by  the
females   of   M.   yutsil   and   M.   chad.   Addi-

tional differences  were  detected  between
males  and  females  of  the  same  species.  Out
of   the   four   species   with   both   sexes   evalu-

ated, males  of  two  (M.  reidae,  M.  thermo-
cyclopoides) had  higher  MPI  values  than

females;   females   of   M.   brasilianus   and   M.

pescei   had  an  MPI  figure  higher  than  their
males  (see  Table  1).

The   Mandibular   Size   Index   (MSI),   size
of  the  gnathal  edge  relative  to  body  length
of   the   specimen,   yielded   interesting   differ-

ences among  the  species.  Females  M.  edax
have   the   largest   mandibular   edge   (MSI   =
4.5),   followed   by   females   of   M.   aspericor-

nis (4.16),   and  females  of  M.  longisetus
s.str.   (MSI   =   3.26)   (see   Table   1).   Females
of  Mesocyclops  yutsil,   M.  chad,  and  M.  rei-

dae have  the  smallest  mandibles,  relative  to
body  size,  of  all  the  species  examined  here-

in (MSI  =  1.92  and  2.05,   respectively).
The   TL   vs.   MSI   graphic   analysis,   which

used   the   logarithm   (In)   of   both   factors,
showed   two   distinct   groups   (see   Fig.   3)
with  a  positive  correlation  {r   —  0.598,   p  =
>0.05)   which   is   slightly   higher   if   only   fe-
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males   are   considered   (r   =   0.62,   p   =
>0.05).   Group   A   includes   the   females   of
most  species  and  group  B  contains  the  four
males  examined  and  the  females  of  M.  cha-
ci   and   M.   yutsil.   The   forms   with   highest
values   in   terms   of   MSI   and   TL   were   the
females   of   M.   aspericornis,   M.   edax,   M.
longisetus  s.str.,   and  M.   longisetus  curvatus
(arrowed   in   Fig.   3).   Overall,   the   morphol-

ogy of  the  mandibular  edge  of  the  studied
Mesocyclops   shows   a   relatively   wide   range
of  variation  in  terms  of  tooth  structure.

Itoh's   (1970)   Edge   Index   was   modified
due  to  the  differences  between  the  calanoid
teeth/mandibular   pattern   and   the   cyclopoid
pattern  (see  Huys  &  Boxshall   1991),   mainly
with   respect   to   the   distribution   of   teeth
along  the  gnathal  edge.  The  two  main  fac-

tors (width  and  height),  when  combined,
provide  an  idea  of  the  strength  of  the  the
teeth.  Then,  when  divided  by  the  number  of
teeth  (N),  a  quantitative  measure  is  obtained
about  the  strnngth  of   each  tooth,   which  is
the   actual   interpretation   of   this   index   for
Mesocyclops.   These   figures   also   provide   a
quantitative   estimation   of   the   morphologi-

cal differences  found  in  the  species  exam-
ined. Although  the  taxonomic  value  of  the

mandible   edge   remains   unexplored   in   Me-
socyclops or  in  any  other  freshwater  genus,

this   work   reveals   the   many   different   char-
acters with  potential  use  for  identification

purposes,   and   that   most   of   them   can   be
evaluated   quantitatively.   Mandibles   are   one
of   the   most   heavily   chitinized  structures   in
the   copepods;   therefore,   these   appendages
could  be  used  to  identify  these  crustaceans
at  the  species  level   from  stomach  contents
in   trophic   or   ecological   surveys.

The  size  of  the  body  (LT)  is  a  key  factor
for  a  copepod  used  in  mosquito  control,  but
one   of   the   largest   species   of   Cyclopidae
known   (Homocyclops   ater   (Herrick))   can
not   be   used   as   a   mosquito   predator   (see
Marten  et  al.   1994b).   Therefore,   the  use  of
the   MSI   together   with   the   TL   was   consid-

ered necessary  to  infer  the  trophic  habits  of
the   species   of   Mesocyclops.   The   MSI   vs.
TL   graphic   (Fig.   3)   yielded   some   interest-

ing facts:  the  relative  size  of  the  mandibular
edge  tends  to  be  proportional   to   the  total
length  of  the  species;  males  are  smaller  but
at  least  in  two  of  the  males  evaluated  (M.
pescei,  M.  reidae),  mandibles  are  at  least  as
large   as   those   of   their   females.   The   value
of  males  as  potential  predators  of  mosquito
larvae   is   undetermined,   although   in   this
study   the   male   of   M.   thermocyclopoides
ranked  higher  (MPI)   than  the  female.

The   females   of   Mesocyclops   longisetus,
M.  aspericornis,  and  M.  edax  are  unique  in
showing   a   proximal   seta   with   2-4   strong,
wide-based   accessory   teeth.   They   had   the
highest   MSI   values   which,   complemented
with   their   body   size   (1.0-1.2   mm)   suggests
they  are  the  most  well-equipped  species  for
predation   within   the   examined   group   (see
Fig.   3).   Overall,   these   results   agree   with
those   of   field   and   laboratory   experiments
testing   the   predation   capabilities   of   M.   as-

pericornis and  M.  longisetus  (see  Marten  et
al.   1994b,   Suarez   1992)   and   of   M.   edax
(Marten   1989).   Mesocyclops   thermocyclo-

poides, recorded  in  Honduras,  Costa  Rica,
and  Mexico,   has   been  successfully   used  as
a   mosquito   control   (Marten   et   al.   1994a,
1994b).   Only   recently   were   the   neotropical
records   of   this   species   confirmed   with
Asian   specimens   (Gutierrez-Aguirre   et   al.
2003).   M.   thermocyclopoides   ranked   sixth
in  the  MSI;   its   size  (comparable  to  that  of
M.   aspericornis   and  M.   longisetus   curvatus)
suggests  that  this  species  might  be  capable
of   attacking   a   mosquito   larva.   Our   results
on  this  species  agree  entirely  with  the  ob-

servations obtained  from  experimental
works   by   Kumar  &  Rao  (1999a,   1999b)   es-

tablishing this  species  as  an  omnivorous
form  feeding  on  rotifers,  ciliates,  and  algae.

A   second  group  of   probably   omnivorous
species  was  found  based  on  MSI  vs  TL  val-

ues and  MPI,  i.e.,  the  females  of  M.  eva-
domingoi,   M.   thermocyclopoides,   M.   pes-

cei, and  M.  brasilianus  (see  Fig.  3).  MSI
values  range  between  2.2  and  2.8;  they  are
medium   to   large-sized   forms   (0.75   mm-
1.00   mm),   most   with   small   to   medium-
sized   mandibles   (except   for   M.   brasilianus.
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a  Species  with  a  mandible  size  equal  to  that
of   predator   species).   These   omnivorous
species   may  be   capable   of   predation  upon
small   prey   items   when   conditions   are   ap-

propriate to  such  behavior,  but  they  may
also   ingest   other   food   sources.   Males   of
these   species,   some   even   with   MSI   values
higher  than  their  females,  may  not  be  able
to  feed  on  large  prey  (i.e.,  mosquito  larvae)
because   of   their   relatively   small   size.   Fi-

nally, the  females  of  M.  chad  and  M.  yutsil
are   slender,   probably   planktic   forms   (Fiers
et   al.   1996).   In   terms  of   size   of   the  man-

dibular edge  and  teeth  structure,  these  two
species  represent  the  diametral  opposite  end
with   respect   to   the   predator   group.   Their
mandibles   are   built   quite   differently,   they
probably   handle   algae,   suspended   organic
matter  along  the  water  column,  or  even  the
heavily   chitinized   edge   with   these   short,
very  solid  teeth  (shown  by  the  top  GI  val-

ues of  all  the  examined  group)  could  be
used  to  scrape  off  food  from  littoral  surfac-

es  or   vegetation   (if   they   are   epibenthic
forms).

According   to   our   results,   the   examined
species   of   American   Mesocyclops   exhibit   a
wide   variation   of   the   mandibular   size   and
armament.   We   speculate   that   at   least   the
morphological   extremes   (M.   yutsil-M.   as-
pericornis)   are   on   correspondence   with   dif-

ferent feeding  habits  and  prey  sizes.  There-
fore, not  all  the  species  of  Mesocyclops  are

suitable  to  be  developed  or  cultured  as  po-
tential biological  controls  of  mosquitoes.

It  is  clear  that  the  evaluation  of  the  teeth
strength  through  the  GI  alone  could  be  mis-

leading, a  species  with  very  strong  teeth
will   rank   relatively   high   in   this   index   (i.e.,
M.  yutsil)   but  this  does  not  necessarily   im-

ply a  predatorial  capacity.  This  is  why  the
GI   should   be   complemented   with   the   MSI
and   the   MPI.   A   MSI   value   over   3   would
represent   a   species   conveniently   armed   for
predation.   We   recognize,   however,   that   the
relatively   reduced   number   of   observations
(see   the   Material   examined   section)   is   a
drawback  of   this   analysis,   but   still,   our   re-

sults seem  to  make  sense  in  terms  of  1)  the

estimated   high   capacity   of   three   well-
known  predator  species  and  their  consistent
tendency  to  cluster  together  in  the  three  in-

dices used,  2)  the  distinction  of  different
and   even   contrasting   structural-morpholog-

ical patterns  within  the  genus,  3)  the  rela-
tion of  this  pattern  with  experimentally  test-

ed feeding  habits  (for  predators  and  one
omnivorous   species),   and   4)   the   relative
body   and   mandibular   size   differences
among   the   species   examined   herein.   Of
course,   these   patterns   and   estimations
should   be   complemented   with   additional
observations  in  order  to  have  a  more  robust
numerical   analysis.

Using   the   detailed   drawings   provided   in
redescriptions   by   Dahms   &   Fernando
(1993),   we  extended  our  results  of  mandib-

ular indices  to  other  species  and  genera  for
which  feeding  habits  are  known  or  inferred.
Mesocyclops   leuckarti   (Glaus,   1857)   is   a
predator   species   (Marten   1994).   The   MSI
estimated   for   this   species   is   4.06   and   the
MPI   is   315.8;   these   values   are   within   the
range   value   of   other   predator   species   we
have  detected  in   this   work.   Although  these
indices   were   designed   for   Mesocyclops,   we
tested   our   methods   on   Acanthocyclops
brevispinosus   (Herrick,   1884)   of   the   "ro-
bustus-vernalis''   group   complex   (Dodson
1994).   Recently,   it   was   redescribed   by
Dahms  &  Fernando  (1997).  It   has  a  MSI  of
3.82,  a  value  which  suggests  predating  hab-

its. Eucyclops  conrowae  Reid,  1992),  a  sup-
posedly herbivore,  had  a  GI  of  65.1,  a  MSI

of  2.7,  and  a  MPI  of  175;  these  figures  cat-
egorize this  species  within  the  omnivorous

forms.   In   these   or   in   the   other   instances,
experimental   observations   will   provide
valuable   data   to   find   a   link   between   the
mandible  structure  and  the  feeding  habits  of
freshwater  copepods.  It  is  probable  that  the
differences   among   the   species   categorized
here  as  omnivorous  forms,  regardless  of  the
genus,  rely  mainly  on  the  size  of  the  poten-

tial prey  they  are  able  to  capture  and  handle
(either   protozoans,   planktonic   algae,   or   in-

sect larvae).
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A   review   of   the   freshwater   crabs   of   the   genus   Hypolohocera
Ortmann,   1897   (Crustacea:   Decapoda:   Brachyura:

Pseudothelphusidae),   from   Colombia

Martha   R.   Campos

Universidad  Nacional  de  Colombia,  Instituto  de  Ciencias  Naturales,  Apartado  Aereo  103698,
Bogota,  Colombia,  S.A.,  e-mail:  mhrochad® unal.edu. co

Abstract.  —  A   review   of   the   species   of   Hypolohocera   from   Colombia   is   pre-
sented. A  total  of  18  species  and  four  subspecies  occur  in  this  country.  Diag-

noses, illustrations,  and  a  key  for  the  identification  of  species  and  subspecies
based  on  the  morphology  of  the  first  male  gonopod,  are  included.  The  geograph-

ical distribution  of  the  genus,  species  and  subspecies  is  updated  based  on  new
material.   Two   new   species,   Hypolohocera   murindensis   and   H.   velezi,   are   de-

scribed and  illustrated.  Two  more  groups  of  Hypolohocera  species,  groups  7  and
8,   are   defined   to   accommodate   H.   alata   Campos,   and   H.   andagoensis   (Pretz-
mann).   One   subspecies,   H.   houvieri   rotundilohata,   is   elevated   to   specific   rank.

The   genus   Hypolohocera   Ortmann,   1897,
includes  34  species  of  freshwater  crabs  that
can   be   found   in   Venezuela,   Colombia,   Ec-

uador, and  Peru.  This  makes  Hypolohocera
the   most   widely   distributed   genus   of   all
pseudothelphusid   genera.   In   Colombia,   Hy-

polohocera is  now  represented  by  18  spe-
cies and  four  subspecies.  In  reviewing  the

genus   for   Ecuador,   Rodriguez   &   Sternberg
(1998)   listed   12   Ecuadorian   species,   three
of   which   were   new.   Rodriguez   (1982a)   re-

corded three  species  for  Peru,  the  southern
distributional   limit   for   the   family   Pseudo-

thelphusidae. The  systematics  and  bioge-
ography   of   the   genus   have   been   reviewed
by   Rodriguez   (1982a,   1994),   Rodriguez   &
Sternberg   (1998),   and   Prahl   (1988).

The  morphology  of   the   first   male   gono-
pod, a  basic  characteristic  for  the  diagnoses

of   the   species,   displays   considerable   inter-
specific variability  in  freshwater  crabs.

Rodriguez   (1982a)   divided   the   genus   Hy-
polohocera into  six  groups  based  on  mor-
phological and  biogeographical  features.

Accordingly,   the   Colombian   Hypolohocera
can  be  placed  as   follows:   in   group  1,   Hy-

polohocera   heieri    Pretzmann,     1968,    H.

martelathani   (Pretzmann,   1965),   and   H.
noanamensis   Rodriguez,   Campos   &   Lopez,
2002;   in   group   2,   H.   houvieri   (Rathbun,
1898);   in   group   3,   H.   steindachneri   Pretz-

mann, 1968;  in  group  4,  H.  cajamhrensis
Prahl,   1988,   H.   chocoensis   Rodriguez,
1980,   H.   dentata   Prahl,   1987,   H.   emhera-
rum   Campos   &   Rodriguez,   1995,   H.   llo-
roensis   Campos,   1989,   H.   malaguena,
Prahl,   1988,   H.   rotundilohata   Rodriguez,
1994,   and   H.   velezi,   new   species;   and   in
group   5,   H.   gorgonensis   Prahl,   1983,   and
H.   mutisi   Prahl,   1988;   group   6,   H.   anda-

goensis (Pretzmann,  1965),  and  H.  murin-
densis, new  species.  However,  H.  alata

Campos,   1989,   and   H.   kamsarum   Campos
&  Rodriguez,   1995  can  not   be   assigned  to
any   of   the   groups   proposed   by   Rodriguez
(1982a)   as   the   features   of   their   gonopods
do   not   match   any   of   Rodriguez's   groups.
Thus,  it  is  necessary  to  add  two  new  groups
in   order   to   accommodate   these   latter   two
species.   Group  7   is   proposed  for   H.   alata,
and   is   characterized   by   having   the   lateral
lobe  of  the  first  male  gonopod  with  a  strong
triangular  process;  the  apex  is  oval  and  bent
caudocephalically,    the    cephalic    border   is
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