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Abstract

A lthough the recogn ition  o f  fo u r b road  g roups w ith in  D ecapoda  -  na tan tians, m acru rans, anom urans  and  b rach y ­
u r a e  -  has long been  a  s tap le  o f  tex tbooks and  even the  p rim ary  taxonom ic  lite ra tu re , a  prec ise  reso lu tion  o f  
phy logenetic  re la tio n sh ip s  w ith in  th e  o rd e r has p ro v ed  m ore difficult. Indeed , there have been  as m any schem es o f 
decapod  taxonom y  and  p h y lo g en y  as th e re  w ere  ex p erts  w ho w ished  to  o ffe r an op in io n . In  th is decade , utilization  
o f  ex p lic it c iad istic  m e th o d s  o f  analysis  and  the  app lication  o f  m o lecu lar tech n iq u es  have p roduced  a  series  o f  c lear 
hypo theses co n ce rn in g  the  re la tio n sh ip s  w ith in  m any o f  th e  g roups o f  D ecapoda . It is app aren t th a t e a rlie r conflicts 
o f  o p in ion  can be re la ted  in  part to the  im p lic it p ro b lem s o f  dealing  w ith  p a raphy le tic  g ro u p s  n e a r  the  b a se  o f  the 
tree  that are  lo o  b road ly  defined  by  on ly  general o r p lesiom orph ic  fea tu res. C om prehensive  m orpho log ica l analyses 
o f both fossil and liv ing  fo rm s, w ith  a tten tion  be ing  paid  to defin ing  synapom orph ies. can  lead  to reso lu tion  o f 
o ld  con trovers ie s. M o lecu la r techn iques hold  g rea t p rom ise  tow ards p rov id ing  fu rth e r reso lu tion , but cu rren tly  
su ffer from  insuffic iencies o f  sam pling . N evertheless, w here  on ce  there  w as chaos and  vexation , there  is now  
som e en ligh tenm en t. T h e  situ a tio n  can  only  im prove, b u t the  b road  ou tlines o f  d ecapod  deep  h isto ry  are  already 
em erg ing .

I n tro d u c t io n

T here  have been  as  m any  tax o n o m ies  and  sch em es o f  
phy logeny  fo r the D ecap o d a  as th e re  have been  experts 
w illing  to  o ffe r an op in io n . S om etim es, experts  have 
been w illing  to o ffer m ore  than  one opin ion . B urken- 
road (1963 , 1981) he ld  d iffe ren t v iew s a t d ifferen t 
tim es, e rec tin g  the  P leo cy em ata  in 1963 to  con ta in  ali 
abdom inal eg g -b ro o d ers  (T able 1 ) to  general acc la im  
but then  abandon ing  u se  o f  the  term  in 1981 (T able 2), 
though the  c lade c learly  rem ained  on  h is  c ladogram  
(Fig. I). T ex tbooks typ ica lly  often  still em p loy  term s 
like N a tan tia  and  M acru ra  in c lassifica tions, w hereas 
am ong  spec ia lis ts  th ese  term s have fa irly  w ell passed 
out o f  fo rm al tax o n o m ic  use (T ables 1 and 2 ). N a tan ­
tians and  m acru rans  are  now  perceived  as s tages  in  the 
evo lu tion  o f  d ecapod  body  p lans, an d  even anom urans 
are co m in g  to  be in te rp reted  in th is  sam e ligh t (cf. 
B u rken road , 1981; S ch o ltz  &  R ichter, 1995). N ev­
erthe less, o n e  can still find A n o m u ra  em ployed  as a 
taxon  (T able 1), even as a  consensus  is now  em erg ing

that this g ro u p  is p a rap h y le tic . O nly  the B rachyura  
am ong  th e  old  c lassic  subo rders  is now  perceived  as 
a real m onophy le tic  g roup.

T h ere  are  m any reasons fo r  these d isagreem ents. 
F irst, they  a rise  from  the d ifferences  in perception 
abou t the  basic nature  o f  taxa that have the ir roots 
in phylistic  versus  c lad istic  app roaches to c lassifica­
tion  an d  tree  bu ild ing . T he  o ld  phy listic  app roaches 
o f  evo lu tionary  system atics  (R asn itsyn , 1996) trea t 
p rim itive  g ro u p s  as a m onophy lum  by un iting  them  
on the  basis  o f  p lesiom orph ic  fea tu res a lone . M ac- 
ru rous na tan tian s  do  not fo rm  a  true  m onophy lum  in 
the  c lad istic  sense  since  the ir long -ta iled , sw im m ing 
hab itus is essen tia lly  a  prim itive  one.

Second , d ifferences  can  arise  from  w h e th er o r  not 
fossils  are  inc luded  w ith in  an analysis . A s an exam ple, 
S ch ram  &  H o f  (1998) c learly  dem onstra te  w hat can 
h appen  w hen  fossils  are  inc luded  o r d e le ted  from  an 
analysis; m a jo r sh ifts  o f  c lades can occur. T he  les­
son to be  d raw n  from  th a t exercise  is that, w hile 
fossils  m ay  be fru stra ting  to  deal w ith , o ften  lacking
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F igure  I. C la d o g ra m  of' d ec ap o d  re la tio n sh ip s  fro m  B u rk en ro ad  
(1 9 8 1 ). A h h o u g h  d ie  c la d e  i tse lf  is c h a rac te rize d  b y  a  g o o d  ap o - 
m o rp h y  ( I A  = p leo p o d  b ro o d in g  o f  e g g s )  a n d  is w id e ly  a c c e p ­
ted  a m o n g  d ec ap o d  w o rk e rs , B u rk en ro ad  d e lib e ra te ly  c h o se  no t 
to  re co g n ize  the P le o cy e m a ta  in th is  paper. In  a d d itio n , w h ile  
B u rk en ro ad  b eliev ed  th e re  w e re  live c le a rly  d e fin e d  S u p e rse c tio n s  
o f  R e p ta n tia , h is  c h a rac te rs  c o u ld  no t fu r th e r  d e fin e  re la tio n sh ip s  
w ith in  tha t S u b o rd er . F o r d e ta ils  c o n c e rn in g  ch a ra c te rs , c o n su lt 
B u rk en ro ad  (1981).

in fo rm ation  w e m ay  w ish w e had, they  nonethe less  
o ften  contain  enough  in form ation  that in  fac t helps 
d e te rm in e  the basic s truc tu re  o f  p h y logene tic  trees.

T h ird , w e n eed  to be very  carefu l ab o u t ho w  w e 
use charac te rs . T h is  is  e sp ec ia lly  c ruc ia l in term s o f  
th e  use o f  so ft-an a to m y  fea tu res ob serv ab le  on ly  in 
liv ing  form s. F o r exam ple, in fo rm ation  from  m o le cu ­
la r sequences , developm en ta l gen e tics , a n d /o r n e u ro ­
ana to m y  m igh t seem  to  ind ica te  ap p aren tly  robust 
s is te r g ro u p s  (F ig . 2a). H ow ever, m ore  inclusive and 
com prehensive  analyses, inc lud ing  la rger arrays  o f  
ch arac te rs  a n d /o r tax a  (Fig. 2 b ), m ig h t actually  a r­
gue against such  g roups (see  Jenner, 1999; Je n n e r  & 
S ch ram , 1999; S ch ram  & Jenner, 2001).

B ecause o f  lim ita tions o f  space, w hat fo llow s is 
on ly  a very  g en era l overv iew  o f  som e o f  the issues 
cu rren tly  a t p lay  in d iscern ing  the  phy logeny  o f  the 
D ecap o d a ; and  it rem ains a  very  personal one a t that 
s in ce  it focuses on  su ch  m atte rs  as have d raw n  m y a t­
ten tio n  fo r  one reason  o r an o th e r o r  s truck  m y fancy.

T ab le I. C la s s if ic a tio n  o f  D e c a p o d a  from  G la e s sn e r  
(1 9 6 9 )

O rd e r  D e c a p o d a  L a tre ille , 1803 

S u b o rd e r  D e n d ro b ra n c h ia ta  B a te , 1888

S u p e rfa m ily  P e n a e o id e a  d e  H a a n . 1849 

S u p e rfa m ily  S e rg e s to id e a  D a n a . 1S52 

S u b o rd e r  P le o c y e m a ta  B u rk e n ro a d , 1863 

In f ra o rd e r  C a rid e a  D an a, 18 52  

In f ra o rd e r  S te n o p o d id e a  H ux ley , 1879 

In f ra o rd e r  U n c in id e a  B eu rle n , 1930 

In f ra o rd e r  A s ta c id e a  L a tre il le , 1803 

In f ra o rd e r  P a lin u ra  L a tre ille . 1803

S u p e rfa m ily  G ly p h e o id e a  W in c k le r. 1883 

S u p e rfa m ily  E ry o n o id e a  d e  H a a n . 1841 

S u p e rfa m ily  P a lin u ro id e a  L a tre ille , 1803 

In f ra o rd e r  A n o m u ra  H . M iln e -E d w a rd s , 1832 

S u p e rfa m ily  T h a la s s in o id e a  L a tre il le . 1831 

S u p e rfa m ily  P a g u ro id e a  L a tre ille , 1803 

S u p e rfa m ily  G a la th eo id ea  S a m o u e lle . 1819 

S u p e rfa m ilv  H ip p o id ea  L a tre ille , 1825 

In f ra o rd e r  B ra c h y u ra  L a tre il le , 1803 

S e c tio n  D ro m ia c e a  d e  H a an , 1833 

S u p e rfa m ily  D ro m io id e a  d e  H a an , 1847 

S u p e rfa m ily  H o m o lo id e a  W h ite , 1847 

S u p e rfa m ily  D a k o tic a n c ro id c a  R a th b u n , 1917 

S e c tio n  O x y s to m a ta  H . M iln e -E d w a rd s , 1834 

S u p e rfa m ily  D o rrip o id e a  d e  H a a n . 1841 

S u p e rfa m ily  C a la p p o id e a  d e  H a an . 1833 

S u p e rfa m ily  R a n in o id e a  d e  H a an , 1833 

S e c tio n  O x y rh y c h a  L a tre ille , 1803 

S e c tio n  C a n c r id e a  L a tre ille , 1803 

S e c tio n  B ra c h y rh y c h a  B o rra d a ille , 1907 

S u p e rfa m ily  P o rtu n o id e a  R a fin e sq u e . 18)5  

S u p erfam ily  X a n th o id e a  D a n a , 1851 

S u p e rfa m ily  O c y p o d o id e a  R a fin e sq u e , 1815

A m ore  in c lu s iv e  trea tm en t w ill have to  be  p resen ted  
e lsew here .

M o rp h o lo g y  a n d  a  n a tu r a l  ta x o n o m y

O f  co u rse  th e  ’H o ly  G ra ii’ o f  all o u r  w ork  is to  arrive 
a t a  system  o f  c lassifica tion  th a t reflects the  ph y lo g en y  
o f  the  D ecapoda , an d  v ice-versa . W h en  I a ccep ted  the  
inv ita tion  to  p re p a re  a  con tribu tion  o f  th is  su b jec t, I 
na ïve ly  th o u g h t th a t the  e ffo rt w o u ld  be a  s tra ig h t­
fo rw ard  o n e  a n d  tha t I cou ld  rep o rt a  co m p le te  and  
acce p tab le  p h y lo g en y  o f  the  D ecapoda . T h e  issue, n a t­
u rally , is a  lo t m o re  co m p lica ted  th an  I  though t. W hile

3

F igure 2 . H y p o th e tica l c la d o g ra m s  fro m  S ch ra m  &  Je n n e r (2001 ). (a) A very  re s tr ic ted  (p ru n e d ) p h y lo g en y  o f  a r th ro p o d s , a n d  (b )  a  m ore 
c o m p re h e n s iv e  p h y lo g en y  in c lu d in g  d iffe re n t c ru s ta c e a n  ty p es , p y cn o g o n id s  a n d  fo ssil a rth ro p o d s . A lth o u g h  a  p a r tic u la r  s e t o f  c h a ra c te rs  m ay  
in d ica te  a n  ap p a ren tly  w e ll-su p p o r te d  c la d e , a d d itio n  o f  o th e r  laxa , e sp e c ia lly  fossil g ro u p s , can  in  fac t su g g e s t a  d is tin c tly  d iffe re n t a lte rn a tiv e  
h y p o th es is . 1: co m p lex  neural c h ia sm a ta ;  2: p a tte rn  o f  a x o n  g ro w th ; 3: d is tin c tiv e  m ito c h o n d ria l g e n e  o rd e r; 4: o m m a tid ia  c o m p o s id o n  in 
co m p o u n d  ey e ; 5; n eu ro b la s t fo rm . (F o r  d e ta ils , c o n su lt J e n n e r  &  S c h ra m . 1999.)
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Table 2. C lass ifica tion  o f  D e cap o d a  m od ified  fro m  S chram  
(1986)

O rd er D e cap o d a  L atreille . 1803 

S u b o rd er D e n d ro b ra n ch ia ta  B ate. 1888 

S u p erfam ily  P en aeo id ea  d e  H aan . 1849 

Superfam ilv  S erg esto id ea  D ana, 1852 

S u b o rd er E u k 'p h id a  B oas, 1880

In frao rd er P ro carid id ea  F elg en h au er &  A bele . 1983 

In frao rd er C arid e a  D ana, 1852 

S u b o rd er E u zy g id a  B u rkenroad . 1981 

In frao rd o r S te n o p o d id ea  H uxley, 1879 

In frao rd er U ne in idea  B eu rle n . 1930 

S u b o rd er R ep tan tia  B oas. 1880 

In frao rder A stac id e a  L a tre ille . 1803 

In frao rd er T h ala ssin id ea  L atreille , 1831 

In frao rdor P alinu ra L atreille , 1803 

In frao rd er A nom ala  B oas, 1880 

In f rao rd er B rac h y u ra  L atre ille , 1803 

S ection  D rom iacea  d e  H aan , 1833 

S ection  A rch eo b rach v u ra  G uiño l. 1877 

S ection  E u b ra ch y u ra  de S t. L au ren t. 1980 

S u b sec tio n  H e te ro trem ata  G u ino t. 1977 

S ubsection  T h o ra co tre m a ta  G u in o t, 1977

there  is a grow ing consensus about som e pa rts  o f  the 
decapod fam ily  tree, o ther sectors w ill take m uch m ore 
w ork to  resolve. H ow ever, w e are not there  yet. For 
instance, a  few  years ago, there  w ere several a lte rn ­
ative schem es fo r the relationships o f  the  natan tian  
g roups to each  o ther (Fig. 3). Today, one o f  these is 
gain ing  the upper hand (Fig. 3c). N evertheless, w ithin 
natant groups, such  as the  C aridea, w ork on e lu c id a t­
ing phy logenetic  relationships is  only  p roceed ing  very 
slow ly (e.g. see C hristoffersen , 1987, 1988, 1989, 
1990).

The centra l core  fo r all this right now  rem ains 
m orphology. T here  are  o ther im portan t so u rces  o f 
inform ation  to  be sure, as will be seen below . H ow ­
ever, at this tim e, m orphology still form s the only 
com prehensive database. In this regard, a  m a jo r step 
forw ard occurred  with the publication o f  the overview  
o f  Scholtz & R ich ter (1995). W hile the ir treatm ent 
focused on the phylogeny o f  the R eptantia , the ir inc lu ­
sion o f a w ide array  o f  ou t-group taxa ensured  th a t the 
basis existed  fo r a m ore com prehensive analysis . T he 
investigation o f  Scholtz  & R ich ter (1995) em ployed 
the ‘M ethod o f  H ennig ,’ essentia lly  a  p ap er and  p e n ­
cil approach that relies on the a  p rio ri  recogn ition  o f  
g round  patterns. T hey em ployed som e 63 b inary  char-

F igure  J . Vurluu.x h y p o th eses  o f  re la tio n sh ip  a m o n g  n a ta n t d ec a­
p o d s . (a ) F rom  B o rra d a ile  (1 907); (b ) B u rk en ro ad  (1 9 6 3 , 1981); (c) 
D e  S t. L a u re n t (1 9 7 9 ), A b e le  &  F e lg en h a u er (1 9 8 6 ), A b e le  (1991); 
(d ) F e lg en h a u er &  A be le  (1 9 8 3 ). T h e  c u rre n t co n se n su s  favors the 
tree  in  (c).

acters  to sort 44  in-group taxa and  po larised  th e ir  data 
set em ploying  6  ou t-g roup  species. T h is  resu lted  in 
the recognition  o f  7 m onophy le tic  c lades [P olychelida  
(A chelata  (H om arida  (A stacida (T halassin ida  (A nom ­
ala, B rachyura)))))! in tin essen tia lly  asym m etrical 
c ladogram  (Fig. 4). T he  re la tionsh ips seem ed  well 
supported , excep t fo r the position  o f  the A stacida, 
fo r w hich Scho ltz  & R ich ter (1995) could  not choose 
betw een it being  a separa te  c lad e  positioned betw een 
the H om arida and the T halassin ida , o r a  s is te r g roup  
to  the latter.

E xam ination  o f  the ch arac te r set o f  Scho ltz  & 
R ich ter (1995) uncovered  som e dup lication  o f  fea ­
tures: e.g. th e ir  charac ters  D 3 and  J3, w hich  both  deal 
w ith a  lack  o f  chelae  on  pereiopods; o r  G1 and  L5, 
which both  involve the m obility  o f  the last thoracic  
stern ite , the  so -called , ‘frac toste rn ,’ a  m ost im portan t 
fea tu re  in th e ir  m atrix . In  add ition , so m e  b inary  fea-
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I   R e p ta n t ia  >

i E u r e p ta n t i a  ■ ■ 11 —  i

I M a c ro c h e la ta   »

r F r a c to s te m a l ia  — —— — ,

r — M e iu ra

P o ly c h e lid a  A c h e la ta  H o m a r id a  A s ta c id a  T h a la s s in id a  A n o m a la  B r a c h y u r a

H  1 -3  \  I  1 -5
F  1 -5D  1 -61-4

H  1 -3

G  1 -2

C  1 -6

A  1 -9

/■'¡gure 4. C la d o g ra m  o f  re la tio n sh ip s  o f  the R ep tan tia  w ith  suggested  n am e s o f  inclusive c la d es . For de ta ils  o f  ap o m o rp h ic  fea tu res  consu lt 
S ch o ltz  &  R ic h te r (1995).

lures that deal with larval types (B4, D6, F4 and H3) 
result in inappropriate  ch arac te r scorings w hen em ­
ployed separate ly  and require a m ulti-sta te  approach 
to establish  consistency. Even so , a conversion o f 
the ir raw  d a ta  into a  num erical m atrix su itable fo r a 
parsim ony analysis by PA U P ' 4 .0  resu lted  in  a  du­
plication  o f  the ir o rig inal result (Fig. 5), w ith som e 
exceptions. A stacida definitely  em erged as a separate 
clade, siste r to  all the o ther F ractostem alia. H owever, 
re la tionsh ips w ithin the  H om arida are fa r from  ab­
solutely clear. E noplom etopus debeliu s  em erges as a 
separate  c lade in a stric t consensus tree, som ething 
a lready suspected  as a possib ility  by S cho ltz  & R ich ter 
(1995: 319), w hile the rest o f  the H om arida rem ained 
unresolved. O nly  in a  5097 m ajority  ru le tree (not 
show n), in w hich T haum astocheles za leucus  appeared 
in a separate  c lade betw een the H om arida and  the 
F ractostem alia, do the  re s t o f  the H om arida occur as a 
reso lved  clade. H ow ever, a  problem  arose a t this stage 
in m y analysis in that because o f  the g rea t redundancy 
in the  taxon list, som e 32 700 trees resu lted  before a 
m em ory overload  occurred . So, w hile  the  m ain  clades 
o f Scho ltz  &  R ich ter (1995) appeared  fo r the m ost part 
in the  final result, no resolu tion  was possib le  o f  course 
w ith in  clades.

To facilitate the use o f  the database o f  Scholtz  & 
R ich ter (1995) w ith  additional taxa, and to a llow  in­
corporation  o f  new features, I recast the 63 original 
characters  to  e lim ina te  redundancies and inappropriate 
scorings to  yield a base  list o f  59  features. I then took 
the features from  B urkenroad (1981) and added them 
to  the  charac te r list w here appropria te  to arrive at 65 
characters. This allow ed the natant ou t-group taxa o f 
Scholtz  &  R ich ter ( 1995) to  be taken into the analysis, 
w ith E uphausia  sp. then serv ing  as a  new out-group. 
T he  resulting  14  400 trees dup licated  the results earlier 

fo r the R eptantia alone and also a rranged the natan­
tians into a  transition series near the base  o f  the tree 
(Fig. 6).

T he  next step was to  rem ove the redundancy o f  the 
taxon list by rem oving  taxonom ic equivalents (W ilkin­
son, 1995). R epresentative species w ere selected fo r 
the  clades that had  consistently  appeared  up  until this 
point. A fte r that was done, som e 18 trees resulted, 
a lthough the resolu tion  am ong the  basal natantians 
evident in the previous analysis d isappeared  (Fig. 7). 
E noplom etopus debelius  continued to appear in  a  sep ­
arate  clade. A t th is point, though the charac te r set 
certa in ly  can be refined further, I believe that w e have 
a basic data  se t that can begin to  be em ployed ’exper-
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P en ae u s  sp .
E uricyon ia sp .
S te n o p u s  h isp idus 
M a c h ro b ra n c h iu m  
A lp h eu s  su b lu c a n u s  
C rangon  c ran g o n  
P o ly ch e les  ty p h lo p s  
P a lin u re lls  g u n d la c h i 
P a lin u ru s  v e r s ic o lo r  
S cy lla ru s  a r c tu s  
Ib acu s  p ero n ii 

. E n o p lo m eto p u s  deb e liu s  
H om arus  g am m a ru s  
H o m aru s  a m e ric a n u s  
N ep h ro p s  n o rv eg icu s  
N ep h ro p s is  s te w a r t i  
T h a u m a s to c h e le s  za leucus  
A s ta c u s  le p to d ac ty lu s  
O rc o n e c te s  lim osus 
C herax  d e s t r u c to r  
C a llia n assa  a u s tra lie n s is  
C alocaris m a c a n d re a e  
A xius gu n d lach i 
A xius s t i rh y n c h u s  
U pogeb ia  pusilla 
J a x e a  n o c tu rn a  
T a lass ina  ano m ala  
G ala thea  in te rm e d ia  
G ala thea  sq u am ife ra  
M unida ru g o sa  
P isid ia lo n g ic o rn is  
P e t r o l is th e s  lam arck ii 
A lbunea  s y m n is ta  
E m erita  sp .
A egla sp.

. B irgus la tro  
! L ith o d es  m aja 
i L om is h ir ta  
P a g u ru s  b e rn h a rd u s  
P y lo ch e le s  m iers i 
P o m a to c h e le s  je f f re y s i i 
H om olodrom ia  bouvieri 
H omola b a rb a ta  
Ranina ran in a  
M edorippe la n a ta  
H yas a ra n e u s  
P ilu m n u s  h ir te llu s  
X an tho  p o re ssa  
C arc inus m a e n a s  
D rom ia p e rs o n a ta

fVon/uim o f 's c h o l i /  *  w  R cp lm n i* lh aI re su " B<J (m m  lhc an a l>'s is  w i,h  PA U P 4 .0  o f  a  d a la  m atrix  d erived  d irec tly
ti oni ili.ii o l S c h ö l t /  ,1  R ichtet (1995). D iagona l fo rm a t e m p lo y e d  to  em p h a siz e  po lycho to iiiies .

Treelength: 107+ 
Cl: 0 .67 
RI: 0.94 
RC: 0.63
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Treelength: 130+ 
CI: 0 .68 
RI: 0.93 
RC: 0.64
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50

E uphausia sp.
P en aeu s  sp .
E uricyonia sp . 
M ac ro b rac h iu m  
C rangon crangon  
A lpheus su b lucanus 
S te n o p u s  h ispidus 
P o lyche les  ty p h lo p s  
P a linu re llu s  g u n d la c h  
P a lin u ru s  v e rs ic o lo r  
S cy lla ru s  a rc tu s  
Ib acu s  peronii 
E nop lom etopus debelii 
H om arus g am m arus  
H om arus am erican u s 
N ep h ro p s  norveg icus 
N ep h ro p s is  s te w a r t i  
T h a u m asto ch e les  zaleu 
A stacu s  lep todacty lu s  
O rco n e c te s  lim osus 
C herax  d e s tru c to r  
C allianassa  a u s tra lie n  
Calocaris m a can d rea e  
Axius gund lach i 
Axius s tirh y n c h u s  
U pogeb ia  pusilla 
Ja x e a  n octu rna  
T ha lass ina  anom ala 
G ala thea in term edia  
G ala thea squam ifera  
M unida ru g o sa  
P isidia lo n g ico rn is  
P e tr o l is th e s  lam arck i 
A lbunea sy m n is ta  
E m erita sp.
B irgus la tro

 A egla sp.
 L ithodes m aja

C Pagurus bernhardus 
Pylocheles miersi

—  P o m a to c h e le s  je ffre y i 
 Lom is h irta
—  H om olodrom ia bouvie
—  H omola b a rb a ta
—  Ranina ran ina
—  M edorippe lanata
—  H yas a ran e u s
—  P ilum nus h ir te llu s
—  X antho p o re ssa
—  C arcinus m a en as
—  Dromia p e rs o n a ta

iE

f-ig tire 6. T h e  5 0 %  m ajo rity  ru le  tree ol' 14 4 0 0  trees o f  D e cap o d a  resu ltin g  from  a  reco n fig u red  c h a ra c te r  set from  that used  in F igu re  5 (see 
text fo r d e ta ils ) e m p lo y in g  the fe a tu re s  derived  from  S ch o ltz  &  R ic h te r (1 995) w ith  the  add itio n  o f  ch a rac te rs  fro m  B urk en ro ad  (1981). All 
b ra n ch es 100%  un less o th e rw ise  noted.
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T reeleng th : 121 h 
Cl: 0 .74  
RI: 0 .89  
RC: 0 .67

fE
■C

E u p h au s ia  s p .

P e n a e u s  s p .

E u ric y n o n ia  s p . 

M a c ro b ra c h iu m  

C ran g o n  c ra n g o n  

A lp h e u s  s u b lu c a n u s  

S te n o p u s  h isp id u s  

P o ly c h e le s  ty p h lo p s  

P a l in u ru s  v e r s ic o lo r  

S c y lla ru s  a r c tu s  

H o m a ru s  g a m m a r u s  

N e p h ro p s  n o rv e g ic u s  

T h a u m a s to c h e le s  z a le u c u s  

A s ta c u s  le p to d a c ty lu s  

C h e ra x  d e s t r u c to r  

C a ll ia n a s s a  a u s t r a l ie n s is  

G a la th e a  in te rm e d ia

A eg la  sp.

L ith o d e s  m aja  

A lb u n e a  s y m n is ta  

P a g u ru s  b e r n h a r d u s  

D rom ia p e r s o n a ta  

M ed o r ip p e  la n a ta  

C a rc in u s  m a e n a s  

E n o p lo m e to p u s  d e b e liu s

H g u r e  7. I lie  5 0 'i  m ajo rity  ru le  tree  o f  18 trees o f  D ecapoda re su ltin ';  from  a  re d u ced  tax o n  list (s a m e  c h a rac te rs  u sed  in Fig. 6 ). A ll b ra n ch es 
1009c un less otlierwi.se noted.

im entally .’ Toward that end, I decided  to assess the 
position o f  taxa, both fossil and living, not included 
in the original set. As a test, I scored N eoglyphea  in ­
op ina ta  fo r the features in my charac te r list. In m ost 
c lassic  schem es (Table 1), the G lypheo idea are  in­
cluded  w ithin the Palinura, and thus I expec ted  to 
see N eoglyphea  em erge fa irly  low  in the tree. H ow ­
ever, in this case (Fig. 8), N eoglyphea  appeared  in 
a polychotom y with h igher fractosterns ! Scho ltz  & 
R ich ter (1995: 304) suggested as m uch. A dm ittedly, 
m y initial scoring o f  characters  was based on ly  on my 
read ing  o f  the  excellen t description and  illustra tions o f 
Forest & D e Saint Laurent (1981). H ow ever, study  o f

the  type spec im ens and re la ted  skeletal p reparations 
m ade by D e Sa in t L au ren t in the co llections o f  the 
P aris M useum  confirm ed th a t N eoglyphea  inop ina ta  in 
fact possesses the tw o diagnostic  apom orph ies o f  the 
F rac to s tem alia , an a rticu la ted  e ighth  thoracic  stern ite  
o r frac to s te rn , and  a sécu la  w ith three sclerites.

N evertheless, the resu lts  o f  the analysis so fa r in­
d icate  tw o things. W e m ay  agree about the  sequence 
o f  c lades am ong natan tians and that there is a  clade 
M eiura  h igh  in the  tree. H ow ever, the evolutionary  
events and re la tionships am ong  the  ‘m acru rans’ in  the 
m idd le  o f  the tree w ill requ ire  a  g rea t deal m ore  invest­
igation . T he  answ ers m ay  not be easily  fo rthcom ing

E u p h au s ia  sp .

7 3

100

100

100

1 0 0

5 3

5 3

5 3

1 0 0 C
7 3

1 0 0 ■C

9 3 rC
100 ■C

10 0

1 0 0

T reeleng th : 129+ 
Cl: 0 .6 9  
Rl: 0 .8 6  
RC: 0 .6 0

100

100

100

P e n a e u s  sp .

E u ric y n o n ia  sp . 

M a c ro b ra c h iu m  

C ran g o n  c ra n g o n  

A lp h e u s  s u b lu c a n u s  

S te n o p u s  h isp id u s  

P o ly c h e le s  ty p h lo p s  

P a lin u ru s  v e r s ic o lo r  

S c y lla ru s  a r c t u s  

E n o p lo m e to p u s  d e b e liu s  

H o m aru s  g a m m a ru s  

N e p h ro p s  n o rv e g ic u s  

T h a u m a s to c h e le s  z a le u c u s  

A s ta c u s  le p to d a c ty lu s  

C h era x  d e s t r u c to r  

N e o g ly p h e a  in o p in a ta  

C a llia n a s sa  a u s t r a l ie n s is  

D rom ia p e r s o n a ta  

M ed o rip p e  la n a ta  

C arc in u s  m a e n a s

■ P a g u ru s  b e r n h a rd u s

■ A lb u n ea  s y m n is ta

. A eg la  sp.

. Galathea intermedia

. L ith o d e s  m aja

/■¡gure ti. T h e  5 0 %  m ajo rity  ru le  tree  o f  4 5  trees  o f  D e cap o d a  resu ltin g  from  the sa m e  d ata  set as F ig . 7  excep t fo r the ad d itio n  o f  N eog lyphea  
tiw p inau i.

either, since an im portan t source o f  inform ation  about 
biodiversity  in  th is  part o f  the tree w ill have to  be based 
on fossils. T he fossil taxa could  be d ifficult to  com pare 
directly  w ith the  w ealth  o f  inform ation  available from  
exam ination o f  liv ing  form s. N evertheless, if  w e recast 
the tree o f  F igure 8 in to  a  s tra tig raph ie  context (Fig. 9), 
we can see  that a trem endous n um ber o f  d iscoveries in 
the fossil record  o f  decapods aw ait us.

A n o m a la : th e  use o f  d iffe ren t so u rces  o f ev idence

T he issue o f  A nom ura and A nom ala  have vexed car- 
c ino log ists a lm ost since  the  word ‘G o ’ ( fo ra  sum m ary, 
see  M cL aughlin  & H olthuis, 1985). N evertheless, a 
fine exam ple o f the  w ide range o f studies that are g o ­
ing  on re levant to decapod phylogeny is provided by 
study  o f  the A nom ala. M cL aughlin (1983a, b) began 
to  deal w ith the issue o f  relationships from  a  m orpho-



t ii¡ure ). i h e  tree  o í Fig. 7 rendered  in to  a  s tra tig ra p h ie  co n te x t. T h e  C arb o n ife ro u s eu p h a u s ia c e a «  is  linked  to  ce rta in  p o ss ib le  su c h  fossils  
know n from  various C oal A g e L ag ers tä tten  (see  S c h ra m , 1986), an d  the C arb o n ife ro u s  as tac id an  is su g g ested  from  p ro b a b le  burrow s o f  su ch  
(see  H asio tis . 1999). F o r the sak e  o f  co nven ience , th e  D evon ian  'lo b s te r ' g en u s P a la eo p u la em o n  is linked  to  E n o p lo m eto p u s ,  a lth o u g h  the 
basis lo r  th is m u st be fu rth e r explored . T h e  c a rb o n ife ro u s d ro m iac ean  b ase d  on  the  g e n u s  ¡/lio c a ris  (s e e  S chram  &  M ap c s , 1984), N o te  Ihe 
co n s id e rab le  array  o l g h o st ranges an d  ph an to m  lin eag es  (d a sh ed  lines). Q u estio n  m a rk  in d ica te s  u n ce rta in ty  abou t link ing  P ala eo p a la em o n  
w ith  th e  living en o p lo m e to p u s .

logic perspective  in exam ining  the position o f  Lom is  
and exploring  the question  o f  ‘w hat is a  herm it c rab ? ’ 
A long these sam e lines, i.e. focusing  on indiv idually  
im portan t taxa to extrapolate  to la rger scale issues o f  
phylogeny, M artin  & A bele (1986) p roposed  a  fam ily 
level phylogeny for A nom ura that grew  o u t o f  the ir 
study o f  the genus Aegla.

T he analysis o f  M artin & A bele ( 1986) recogn ized  
separate  thalassinidean and anom alan  clades. H ow ­
ever, th e ir  study illustra tes quite  effectively  several 
very im portant issues o f  concern . First, they produced

a w ell-reso lved  phy logeny  o f  ‘anom uran ’ fam ilies. 
H ow ever, in  do ing  so , they got out exactly  w hat they 
put in to  it. T he  data  w ere  analysed  at a  fam ily  level, 
and w hat they  ach ieved  w as a phylogeny o f  fam ilies. 
A s we w ill see , analyses by  o ther au thors a t a  genus 
and species level (e .g . see  R ich ter & Scholtz, 1994) 
have called  in to  doub t som e o f  the fam ilies and  super­
fam ilies w ith in  the  A nom ala . O ne needs to be  careful 
how data  are  entered  in to  any  com puter-driven  phy lo ­
genetic  analysis , since it is  on  the basis o f  those data 
that the  pa tte rn s w ill be analysed.
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Second, M artin  & A bele  (1986) provide trees de­
rived from  both a phenetic U PG M A  clustering  pro- 
aram  and a  cladistic  parsim ony analysis. In do ing  so, 
they nicely illustra te  the care  th a t needs to be  taken 
w ith p rogram s that group on  the  basis o f  stric t sim ilar­
ity, i.e. phenetic analyses, s ince  such  approaches fail to 
sort out re la tionships am ong ‘p rim itive ’ groups, often 
lum ping them  in to  c lades near th e  bases o f trees. Thus 
false signals o f  m onophyly  m ay  be indicated, w hen 
paraphyly m ay in fact m ore accu ra te ly  describe the 
relationships.

T h ird , a  phylogenetic  analy sis  can only  w ork with 
the taxa that are  put into the  p rogram s. W hile the M ar­
tin & A bele (1986) hypo thesis  fo r anom uran  phy lo ­
geny w ould appear to  em erge as indeed very robust, 
with lots o f  congruen t charac te rs  supporting  branches, 
it is essentia lly  a phylogeny o f  o n ly  anom urans rooted 
to a phylogenetically  d istan t gen u s  Penaeus. In  these 
analyses, c lades are  draw n based on e ither shared  de­
rived features, o r degrees o f  s im ilarity  o f  the  taxa 
given. I f  m ore proxim al ou t-g roups w ere u tilized , o r if 
additional taxa, in this case  b rachyurans, w ere used to 
effectively sort re la tionships am ong  an entire  potential 
m onophylum , w hat w e could  call in  the term inology 
o f  Scholtz &  R ich ter (1995) the  F rac tostem alia , it is 
possib le  that o ther hypotheses o f  re la tionsh ips could 
have em erged. M artin  & A bele  (1986) is a  fine study, 
and I have no a rgum ent at a ll w ith  th e ir  results, w hich 
ate explic itly  p resen ted  as hypotheses only. However, 
we all need to  keep in m ind the  nature  o f  the data we 
put into these analyses, both  in term s o f  the characters 
as well as the  taxa (Jenner &  S ch ram , 1999).

U nless w e perform  com prehensive  c lad istic  ana­
lyses, w e cannot be su re  that w e are in fact dealing 
with m onophyla. T udge (1997) em ployed an entirely  
d ifferent source o f  data  tow ards e lucidating  re la tion­
ships o f  ‘anom urans’ when he exam ined  u ltrastructure 
o f  sperm  and sperm atophore  m orphology. A lthough 
the principal focus was d irec ted  a t ‘anom urans,’ a 
w ide array o f  decapods inc lud ing  astacids, hom arids 
and brachyurans w ere a lso analysed . E ven though the 
character set was narrow ly cas t tow ards sperm  only, 
tire resulting  tree  s truc tu re  is  in te resting  (Fig. 10). 
T halassin ideans em erge as po lyphyletic  and, w hile 
A nom ala itse lf is m onophyletic , m ost fam ilies o f an- 
om alans are e ither para- o r po lyphy le tic . T he wide 
range o f  taxa used, g rounded  in  a  ra th e r com prehens­
ive database o f  characters y ie lds a  phylogeny and  cer­
tainly indicates that sperm atozoan  u ltrastructure will 
be an im portan t source o f  data  in m ore com prehensive,

total ev idence approaches to  the issues o f  anom uran 
phylogeny.

F inally , there are tim es in w hich restricted analyses 
can be useful. C ladistic  analyses need not alw ays be 
d irected  a t p roducing  a  phylogeny p e r s e .  M cL aughlin  
& L em aitre  ( 1997) w ere  actually  only  in terested  in as­
sessing o ld  ideas about the processes and occurrences 
o f  carcin ization . T h e ir d a ta  w ere co llected  and ana­
lysed  a t a generic  level and  m ight appear to 'd em o lish ’ 
m any w ell-established  fam ily  and superfam ily  taxa. 
H ow ever, the  authors caution  that w hat they focused  
on  in  the  analysis w ere  only featu res d irected  a t assess­
ing degrees o f  carcin ization  and not the  to ta l array of 
hard  m orphological features that m ight have been em ­
ployed in  a  m ore com prehensive analysis. M cL aughlin 
&  L em aitre  ( 1997) arrived a t a fresh understanding  o f 
w hat carcin ization  actually  represented, and  in the p ro ­
cess they  clarified the supposed re la tionship  betw een 
lithodids and pagurids.

B ra c h y u ra  a n d  th e  u se  o f m o lecu les a n d  sp erm

No treatm ent o f  decapod  phylogeny can escape c o n ­
sideration  o f  m olecu lar issues. H ow ever, up until this 
point, there  have been relatively restric ted  uses o f  m o ­
lecu lar sequence  da ta , a lthough the num ber o f  research 
g roups generating  and using sequence data  is grow ­
ing. F o r exam ple, K im  & A bele (1990) and A bele 
(1991), as part o f  a  larger program  to address crus­
tacean  phylogeny w ith  18S rRN A  and 18S rDNA data 
(e.g. see  Spears & A bele, 1997), exam ined th e  re la ­
tionsh ips o f  natan t taxa to  each  o ther using a  lim ited 
data  se t and  largely confirm ed the  results derived from  
m orphology  (A bele  & Felgenhauer, 1986).

H ow ever, one a rea  o f  study w here I believe m o­

lecule sequences w ill be o f  im m ense help will be 
in e luc idating  the phylogenetic  relationships o f  B ra­
chyura . E ver since the  benchm ark  w ork o f  G uinot 
(1978, 1979), w hich recogn ized  three g roups o f  b ra ­
chyurans based  on location o f  m ale gonopores, the 
phylogeny o f  the  B rachyura  has a ttracted  strong in­
terest. Very qu ick ly  a fte r G uinot, D e Sain t Laurent 
(1980a, b) elucidated  the  essentially  paraphyletic  
nature  o f  G u in o t’s P odotrem ata  w hile offering a  c au ­
tion against re ly ing  too  heavily  on gonopore  locations 
alone. Subsequently , Spears e t al. (1992) using 18S 
rR N A  confirm ed the paraphyly  o f  the  podotrem es 
(Fig. 11). H ow ever, G uinot e t al. (1994) in exam ining 
sperm  s truc tu re  in H om olidae concluded  th a t a podo- 
trem e type sperm  could  be characterized  and thus used
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10.12

4,5, 7,8,9

' A x iu s  g ly p to c e rc u s
 i T h a l a s s in a  s q u a m i f e r a
~~H-4—  H ip p a  p a c if ic a  -

B

C
+ 4 - 4 - 4

10.27.28.31

- H -
5.21.31

15.31

if:

B irgus latro 
C oenobita brevim anus 
C oenobita perlatus 
C oenobita purpureus 
C oenobita rugosus 
C oenobita variabilis 

D ardanus arrosor
D ardanus crassim anus 

D ardanus lagopodes

CO ENO BITID AE

I I I I I D io g e n e s  c u s to s  
5 .1 0 .1 7 .2 1 1—  D io g e n e s  p a lle scen s

4 4 4
723.24

D a rd a n u s  scu te lla tu s  
D a rd a n u s  s p . nov.

i C alcinus gaim ardii 
r t l  I C alcinus laevim anus 

+ H  C alcinus minutus
5‘ 10 *-------- S trigopagurus boreonotus

i C libanarius corallinus 
U  |—  Clibanarius erythropus 
7 7  " I  C libanarius taeniatus 

| 1^ ^  ’ C libanarius virescens
"H ’ 4 _  C libanarius longitarsus J  

I U ro p ty c h u s  sp .
5,14.29| Pagurus bernhardus 

Pagurus chevreuxi 
Pagurus prideaux 
Pagurus hirtimanus

  Sym pagurus sp.
X ylopagurus sp. nov.

  Porcellanopagurus sp.
E u m u n id a  s te rn o m a c u la ta  

A llogala thea  elegans
1 ■ M unida sp. GALATHEIDAE  

4 - M unidopsis sp.
I— C an ce llu s  sp.
* I-  A l ia p o rc e l la n a  su lu e n s is
H   P is id ia  longicornis
!2l p.

1.2,13.20
1—1—I—t

527.31
L o m is  h i r t a

7 2 5 2 6 3 0  
H o m a ru s  a m e r ic a n u s  

P a c ifa s ta c u s  l e p u s c u lu s  
P o r tu n u s  p e la g ic u s  

M e n a e th iu s  m o n o c e ro s

P o ly o n y x  t ra n sv e rsu s  
i l l  P e tro l is th e s  a rm a tu s  

P e tro l is th e s  la m a rc k ii

J ASTACID EA  

J BRACHYURA

PORCELLANIDAE

S Ï

*1§ g
•eta

T h e n u s  o r ie n ta lis  
T r y p a e a  a u s t r a l i e n s i s  

*—  P a n u liru s  a rg u s

F igure  IO. A  p h y logran i lo r  anom uruns o f  a  5 0 'i .  m a jo rity  ru le  tree  d erived  fro m  2 6  eq u a lly  pars im o n io u s trees based  o n  an a ly sis  o f  o n ly  sp er- 
m a to lo g ic  features (s e e  fu d g e . 1997 fo r de ta ils). N o te  the  p o ly p h y le tic  T h a la ss in id a  w ith  this d a ta  se t. A iso , w h ile  A n o m ala  is  m o n o p h y le tic  
thc constituen t fam ilies a re  m ostly  p a ra -  o r  po lyphy letic .

to ju s tify  a  m onophylum  Podotrem ata. N evertheless, 
G uinot et al. (1998) poin ted  out that, w hile a d rom i- 
acean sperm  type could  be defined, ne ither D rom iidae 
no r D ynom enidae w ould appear to be m onophyletic  
based  on sperm  characters  alone. C learly, m ore c o m ­
p rehensive studies o f  sperm  and m olecu lar sequences 
o f  rD N A  are  needed.

M oreover, w ithin the H eterotrem ata and  T hora ­
co trem ata, the situation is far from  resolved . The 
o ld , c lassic  Sections o f  the B rachyura from  B orradaile

(1907) no  longer seem  very effective. M ost au thorities 
these days settle  fo r group ing  fam ilies w ith in  m ore 
inclusive superfam ilies. H ow ever, nested  sets o f  re ­
la tionsh ips rem ain  obscure. R ecently , S chubart e t a!. 
(2000) have begun to  build a database o f  16S rDNA 
fo r E ubrachyura  w ith som e in triguing  results (Fig. 12). 
W hile  the  tho raco trem es c lu ster in a m onophyletic  
c lade (w ith  a  p rob lem atic  inclusion  o f  p innotherids), 
the  he te ro trem es as a  w hole w ould ap p ea r to  be char­
acterized  as m ore-or-less paraphyle tic . T h is  is not a
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M. mercenaria

H. epheliticus

C. irroratus

I. subglobosa &

—  P. serrata y

L. emarginata

Brachyura
R. muricata

fioo.

R. louisianensis

D. antillensis

C. vittatus

H. arcuata

P. kadiakensis

h e u r e  11. T h e  in ferred  re la tio n sh ip s  o f  M eiu ra , w ith  ihe n u m b e r o f  s te p s  ind icated  lo r  ea ch  b ra n ch , based  on  an a ly sis  o f  18S rR N A  and 
confirm ing  the  pa ra - o r  p o ss ib ly  ev e n  po ly p h y le tic  na tu re  o f  the p o d o trcm a to u s b rach y u ran s (from  S p ears  e t  a h . 1992). C irc led  num bers 

ind icate b o o ts trap  values.

com plete analysis  o f  all fam ilies, a lthough the authors 
have done additional w ork  (S chubart, pers. com .), and 
the authors need  to  include additional relevant o u t­
groups. H ow ever, cu rren t sequence  banks fo r even 18S 
rDNA do  not co n ta in  a  fu ll a rray  o f  b rachyurans. Such 
com prehensive analyses from  several m olecules will 
be necessary  before  w e can seek  a so lution to  this 
problem . In add ition , there  is no  reason to  doubt that a 
m ore broadly  based  exam ination  o f  b rachyuran co m ­
parative anatom y (cf. Von S ternberg  e t ah, 1997) and 
larvalogy (in the m anner o f  R ice, 1980. 1983) could 
m ake contributions as w ell tow ards a  final synthesis.

A stac id a : a  foca l p o in t  o f  m a n y  p ro b lem s

L et us return to that array  o f  m acrurans in the m iddle 
o f  the decapod tree th a t will probably  continue to give 
us trouble fo r som e tim e to com e. In particular, I want 
to focus on the A stacida, the crayfish. A n  intriguing  
group , they seem  to encapsulate  in one taxon a  great 
m any p roblem s w e w ill have to  com e to  g rips w ith in 
ou r quest fo r consensus over decapod phylogeny.

First o f  all, there is a problem  w ith the ir appar­
en t age (see Fig. 9). T he earliest body fossil c ray ­
fish are  M esozoic and include the  extinct fam ilies
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G ecarcinus lateralis

  C ardisom a crassum

— S esarm a  reticulatum

  P achygrapsus transversus

  C yrtograpsus altim anus

  M acrophthalm us banzai

  P ercnon  gibbesi

----------------- Leipocten trigranulum

------------  U ca lactea

--------------  P in n ixa  retinens

  Scopim era  globosa

  M ictyris brevidactylus

  Crossotonotus compressipes

  P alicus obesus

--------------  X a n th o  poressa

P anopeus herbstii 

------------------- Trapezia cymodoce

C ancer irroratus 

  Callinectes sapidus

Carcinus m aenas

-  M e n ip p e nodifrons  

M e n ip p e m ercenaria  m t 

— -  M enippe mercenaria  nu

  E u d a n ie la  garm ani

E pilobocera sinuatifrons  

--------------------------------  Petrolisthes arm atus

f ig u r e  12. T h e  paltcm  o f  re la tionsh ips am o n g  several b ra ch y u ra n  fam ilies  based  on  an a ly sis  o f  
N u m b ers  rep resen t co nfidence  levels from  an  in te rn a l n o d e  test. T h e  c la d e  o f  T h o ra co tre m a ta  m arked 
is  no t a  co m p re h en siv e  on e  fo r a ll fam ilies o f  E u b ra ch y u ra , it is  in teresting  to  n o te  the p o ss ib ility  o f  
( i f  no t p o lyphy le tic , no te arrow  fo r h e te ro trem ato u s  p in n o th erid s).

(Gecarcinidae)

(Gecarcinidae)

(Grapsidae: Sesarm inac)

(Grapsidae: Grapsinae)

(Grapsidae: V aruninae)

(Ocypodidae: M acrophthalm inae) 

(Grapsidae: Plagusiinae)

(Ocypodidae: Camptandriinae) 

(O cypodidae: Ocypodinae)

(Pinnotheridae) -*SC 

(O cypodidae: Dotillinae)

(M ictyridae)

(Palicidae: C rossotonotinac)

(Palicidae: Palicinae)

(X anthidae)

(Panopeidae)

(Trapeziidae)

(Cancridae)

(Portunidae)

(Portunidae)

(M enippidae)

(Menippidae)

(Menippidae)

(Pseudothelphusidae)

(Pseudothelphusidae)

(A nomura: Porcellanidae)

I6S  rD N A  (fro m  S c h u b a r t e t  a!., 2000). 
w ith  h ea v y  b lac k  line. W h ile  the an a ly sis  
the p a rap h y le tic  n a tu re  o f  H e te ro trem ata

Pro tastacidae A lbrecht, 1983 from  the  Ju rassic  and 
C retaceous o f  Germ any, and the  C rico idosce lo sidae  
Taylor et a l., 1999, from  the C re taceous o f  C hina, 
both  fam ilies w hose status needs to be  c ritically  eval­
uated. H owever, the group seem s m uch o ld e r than 
th is. K ow alew ski e t al. (1998) rep o rt trace  fossils 
o f  crayfish burrow s from  the T riassic, and H asio tis 
(1999) even records sim ilar burrow s from  the  Late  
Pennsylvanian  indicating  an origin fo r A stac ida  p rob ­
ab ly  som etim e in the Early C arbon iferous. T hus , it 
w ould  appear that we lack body fossils fo r  m ore  than 
h a lf  o f  crayfish history, m issing  in fo rm ation  th a t un­
doubted ly  w ould lend som e insights in to  the  o rig ins 
and early  anatom ical evolution o f  the crayfish .

We m ight have guessed this w as so  from  co n sid e r­
ation o f  crayfish biogeography alone. T he  d istribu tion  
o f  m odern form s (Fig. 13) has a lw ays been c ited  as 
a c lassic exam ple o f  ‘d isjunct d istribu tions.’ Indeed , 
exam ination  o f  the  pattern based  solely on the p resen t

day  arrangem ent o f  the  con tinen ts  m akes it difficult 
to  develop logical scenarios to  explain  the evolution 
o f  th e  g roup. H ow ever, i f  that sam e m odern  d istri­
bution is p lo tted  on  a  paleogeograph ic  m ap  o f  the 
Triassic (Fig. 14), the  anom alies from  the m odern g eo ­
graphy begin to  d isappear. O ne cou ld  postu la te  that 
the A stac idae  w ere a subtropical to  north -tem perate  
fam ily, ex tending  from  w hat is th e  p resen t north­
w estern  U nited S tates across C anada  and  G reenland 
into w hat is today E urope. T he  C am baridae  appear 
to have been a tropical to sub trop ical g roup  in w a­
ters  across the  pa leo -equato r o f  Pangaea, connecting  
perhaps in hab ita ts a long the  northern  coast o f  the 
P aleo-T ethys O cean to w hat is today eastern  A sia. This 
confirm s that the  S uperfam ily  A staco idea  is certainly 
L aurasian  in o rig in  (S choltz, 1995a, 1998, 1999). T he 
Parastacidae are c learly  a  sou th-tem pera te  fam ily, oc­
cupying  freshw ater hab ita ts  o f  G ondw analand. One 
could  in fact use the  in ferred  paleogeograph ic  distri-
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A s t a c id a e

C a m b a r id a e

P a r a s t a c id a e

• a

F igure  13. M odern  d is tribu tion  o f  crayfish  fam ilies  (fro m  H oltlich , 1999).

Ear ly  T riassic  2 3 7  Ma
Siberia

.EO-TETH
OCEANPANTHALASSIC OCEAN bouth  

'China

i4  C o n n cg tm y  lurbry '

^  1, F  Sy~, yirtuvu)
}  Africa 5 «Ci. 'Malam

South
AinericuP ro lo -A n d e s  

M ts. '

Antarctica

L iv ia e  14. M o d em  d is tribu tion  o f  cray fish  fam ilies p lo tte d  on  a pa leogeograph ic  m ap  o f  the T ria ss ic  (from  S co tese , 1997). T h re e  tracks can be 
d iscerned: (1 ) a  su b tro p ica l/n o rth -te m p e ra te  track  o f  A stac id a e ; (2 ) a  tropical sub tropica l C am b ar id a e ; (3 ) sou th -tem p era te  Parastacidae . Fossii 
representa tives o f  th ese  fam ilies  m ig h t be ex p e cted  in  the in term ed ia te  a reas  included  w ithin the  heavy  b lac k  lines in  an y  tim e periods s in ce  the 

E arly  Triassic .
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butional tracks to predict areas w here exp lo ra tions for 
crayfish fossils should be carried  out. G iven the  in­
ferred  T riassic distribution , it seem s obv ious that the 
orig ins o f  the group w ould have to be  sough t in pre- 
T riassic tim e, as already suggested by Scholtz  (1999), 
giv ing  c redence to  the claim  o f  H asio tis  (1999) for 
C arboniferous crayfish burrows. O bviously , w e have 
a  g rea t dea! m ore to d iscover abou t the  h istory  o f  
crayfish.

D espite the w ork o f  Scholtz  & R ich ter (1995), the 
e lucidation o f relationships w ithin A stac ida  is still tied 
to  the  o ld  idea o f  A stacidea [= e rym ids +  nephropids 
+  astacids +  cam barids + parastacids]. A s an exam ple, 
T shudy & B abcock (1997) pe rfo rm ed  a p h y lo g en ­
etic analysis o f  ’claw ed lobsters.’ T hey roo ted  their 
tree to E rym a  as an ou t-group and recognized  tw o 
fam ilies: the N ephropidae D ana, 1852, w hich in­
cludes the fossil and living m arine, c law ed  lobsters, 
and a new fam ily, the C hilenophoberidae, an am al­
gam  o f  M esozo ic  ‘proto-lobsters.’ H ow ever, w ithin 
the C hilenophoberidae they included P seudastacus, a 
Ju rassic  genus from  Germ any. As m en tioned  above, 
A lbrecht (1983) placed  the P ro tastac idae  w ith in  the 
true crayfish. T he  status o f  the P ro tastac idae  presents 
problem s. O ne could question w hether these are  c ra y ­
fish. F irst o f  all, they are  m arine  taxa. In add ition , their 
carapace groove pattern is really  erym id , o r c ly  tiopsid , 
in pattern, and  what little can be d iscerned  o f  the  tail 
fan  is not particu larly  crayfish like. A clo se  reading 
o f  A lbrecht (1983) reveals that he is an  evolutionary  
system atist and still w rites o f trends and  grades. A 
rigorous c lad istic  analysis o f his inform ation  w ould 
more than  likely not give the  pattern he envisioned. 
The T shudy & Babcock (1997) database is m ore  in­
clusive than the features em ployed by A lbrech t (1983), 
w ho focused a lm ost exclusively on a  selection  o f  the 
carapace grooves. N evertheless, a t the very  least it is 
c lear that despite  ou r best efforts to  p roduce  careful 
analyses o f  relationships w e still o ften  lack any  cer­
tain knowdedge o f  w hat taxa constitu te  m onophyletic  
groups.

A com puter, o r a person, given any array  o f  taxa 
and a  selection  o f  characters, can p ro d u ce  on co m ­
m and a  phylogenetic  tree. T he question  is, does the 
tree m ean anything? O ne m ust be ver)' carefu l. A tree 
is a  tree -  a  pictorial representation  o f  a  m atrix  o f  in­
form ation. It is only  as good as the in fo rm ation  that 
goes into the m atrix . O ne m ust focus on identify ing  
m onophyletic g roups because not to  do  so is to  run 
the risk o f  getting  paraphyletic  o r even polyphyletic  
groups out o f  a cladistic  analysis co n ducted  w ithout

due regard  fo r fundam entals  (Jenner & S ch ram , 1999). 
W ithout attention  to  this cruc ia l issue, w e w ill never be 
able to  sort out the re la tionsh ips am ong the  m acrurous 
R eptantia.

T h e  o rig in  o f  D eca p o d a

T he issue o f  paleogeography  em erges again  in  co n ­
nection  w ith the  o rig in  o f  D ecapoda. T h a t event 
undoubted ly  lies  in the deep  recesses o f  the  P a laeo ­
zoic. T he  earliest know n decapod  is P ulaeopalaem on  
new berry i  in the  U pper D evonian  o f  N orth  A m erica 
(S chram  et al., 1978), a  m acrurous ’lo b s te r ' o f  som e 
k ind  (Fig. 15). T hat species is not too  fa r away in time 
from  the fossii spec ies Im ocaris  tubercu la ta  from  the 
M ississipp ian  (L ow er C arbon iferous) o f  N orth  A m er­
ica (Schram  & M apes, 1984), w hich appears to be  a 
d rom iacean . T he  appearance o f  the  E um alacostraca  
in  the fossil record  is ab ru p t (S chram , 1981a, 1983) 
-  a  c lassic  punctuated  event. H ow ever, a  hin t as to 
w hat could  have happened  is to  be  gotten  from  the 
pa leogeography  o f  con tem poraneous trilobites.

W hen E ldredge w as develop ing  his allopatric  
m odel o f  spécia tion  in the M idd le  D evonian  phacopid 
trilob ites  (E ldredge 1971, 1972, 1973), he charted  the 
pa leogeograph ic  and  paleohab ita t p re fe rences  fo r his 
species and subspecies o f  Phaeops. H is conclusions 
abou t allopatric  popu lation  sh ifts  across the D evonian 
seas o f  N orth A m erica  o f  course  u ltim ately  lead to 
th e  w ell-know n concep t o f  P unctuated  E qu ilibrium . 
E ld redge  (1974) postu la ted  an a llopatric  m odel w here 
changes in anatom y occurred  qu ite  rapid ly  in iso l­
a ted  peripheral popu la tions  o f  h is  trilobites. T he  main 
source o f  the lineage cen tered  on  the  shallow  m arginal 
seas, w hose deposits  today stre tch  across the  M iddle 
A tlantic  S ta tes o f  A m erica. T he peripheral iso la tes can 
be  co llected  from  the con tem poraneous deposits  fur­
ther w est, located  in the  M idw estern  S tates ex tending 
from  O hio  across to  Iow a. T hese  la tte r deposits  rep­
resen t the d eeper w a ter epeiric  seas fu rther offshore 
from  that o f  the shallow  w ater m arginal seas to the  east 
(E ld redge  & E ldredge, 1972).

W hy is this in te resting  fo r decapods?  Palaeopa- 
laem on  new berryi, o u r  first decapod , is to  be found 
in these deeper, o ffshore , epeiric  sea  deposits o f  the 
A m erican  M idw est, a lbeit o f  the s ligh tly  y o u n g e r U p­
p er D evonian . T he  obv ious w orking  hypo thesis  is that 
d ecapods m ay be scarce  in  the la tte r h a lf  o f  the Palaeo­
zo ic  because the ir natural hab ita t up  until that point 
m ay  have been even d eep e r water. T he  few  decapod

H g m e  15. R econstruc tion  o f  P ula eo p a la em o n  n ew b erry i, the ea rlies t know n d ecap o d  from  the U p p e r D evon ian  o f  N orth  A m eric a  (from  
H annibal &. F e ld m an n . 1985).

species w e have in the  Palaeozoic -  replantions a t that 
-  perhaps are  there only  because they represen t a few  
pioneer types that ventured  up out o f  the  continental 
sh e lf and /or s lope w aters onto  the m arg in s  o f  the o ff­
shore, epeiric seas. It is a pattern the reverse o f  that 
o f the  trilobites, w hich seem  to  have evolved into the 
epeiric seas from  shallow er water.

P robably  th is  m odel is too sim ple. W ould it also 
apply to the natan t precursors to the R ep tan tia?  W hat 
about the o rig ins o f  o ther E um alacostraca?  M any 
o f these non-decapod  eum alacostracans have a pre­
dom inantly  shallow  near-shore , or even fresh water, 
com ponent (Schram , 1981b) in C arbon iferous tim e. 
Did these syncaridan , peracaridan  and  hoplocaridan  
types also com e out o f  the deep sea? O r did these 
non-decapod groups have an independen t trajectory  in 
shallow, near-shore seas?  A gain , m uch needs to be 
discovered in the Paleozo ic  fossil reco rd  before any 
consensus can em erge.

D ev elo p m en ta l g en e tic s , ev o lu tio n  a n d  ph y lo g en y

Finally, som ething  m ust be  said about the discoveries 
com ing to light from  the w ork o f  developm ental ge­
neticists. T h is  research  in regards to  crustaceans is ju s t

in its infancy. O nly  a  few species relative to the  wide 
m orphological d iversity  o f C rustacea as a w hole have 
been studied. C ertainly, a g rea t deal m ore will need 
to be done in o rd e r to get som e good insights into the 
evolu tionary  h istory  o f  D ecapoda, let alone have any 
d irec t significance fo r consideration  o f  phylogeny. We 
can sum m arize a few  things here.

Som e w ork has been done on m apping H ox  gene 
expression  in M alacostraca and re la ting  this to degrees 
o f  m axilliped  developm ent (A verof & Patel, 1997). 
H owever, there  have only  been lim ited investigations 

to date and these studies concern only tw o o f  the 
H o x  genes, U bx  and abclA. N evertheless, w hat has 
been seen so fa r ind icates that a concerted  effort to­
w ards a  com prehensive  survey and m apping o f  all 
H o x  genes in c rustaceans w ill undoubtedly  prove e f­
fective tow ards increasing  ou r understanding  o f  the 
genetic  forces that shaped the  evolution o f  the decapod 
Bauplan.

M ore extensive w ork has been done to elucidate 
the patterns o f  expression  o f  engra iled  (en). Aside 
from  basic sim ilarities o f  en  expression  in the  head  o f 
crustaceans to  the expression  seen  in insects (Scholtz, 
1995b). a pecu liar pattern is m anifest in decapods. The 
crayfish C herax destruc tor  d isp lays a total o f  9 en-
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g railed  stripes appearing  in the course  o f  developm ent 
in the pleon (Scholtz, 1995c). W hether this represents 
an autapom orphy fo r Clierctx (or even the crayfish), 
or is the revelation o f  som e underly ing  prim itive  pat­
tern fo r m alacostracans is not clear. F urtherm ore , it 
appears that the M alacostraca possess a  pa tte rn  o f  re­
peated cell divisions in the ectoderm  and  m esoderm  
o f the  post-naup liar germ  band that is  unique fo r  a rth ­
ropods (Scholtz ¿c D ohle, 1996). In connec tion  with 
this, the m alacostracan  ground plan  seem s to include 
the possession o f  19 ecto teloblasts arranged  in a ring. 
Two derived conditions from  this g round  pattern  are 
recognized. A m phipods have apparently  lost the e c ­
to teloblasts altogether, and all crayfish fam ilies share 
the possession o f  40  ecto teloblasts (S cho ltz, 1993) as 
a  synapom orphy.

T hese are only  tantalizing titbits, but w e can only 
look forw ard to a considerable  am ount o f  undoubtedly  
im portan t phylogenetic  inform ation co m in g  to light in 
the nex t several years.

C onclusion

We are now here near to approaching  a com plete  
consensus on the phylogeny o f  D ecapoda  and  co n ­
sequently  a  universally  accepted natural taxonom y o f 
the group. O ur understanding  o f  the  phy logenetic  re ­
lationships am ong the  D ecapoda has im proved  in  the 
last 15 years, and a t least everyone agrees tha t we 
are dealing w ith a  m onophyletic g roup. H ow ever, we 
still are not en tire ly  c lear w here all the m onophyletic  
g roups w ith in  the D ecapoda sit. W hile  w e can have 
as a w orking  goal the  production  o f  a phy logeny  fo r 
the group as a w hole, it w ould seem  efficacious to­
w ards this end  to  concentrate lo r  now  on trying to 
identify  the m onophyletic  groups w ith in  the  decapods. 
This can have som e im m ediate  benefits in term s o f  
provid ing  a fram ew ork  fo r the p ractical app lications 
o f  phylogenetic  studies in the fields o f  na tu re  co n ­
servation and resource m anagem ent. T he  long-term  
objective w ill in tim e em erge o f  its ow n accord: a 
robust, w ell-supported  phylogenetic tree fo r the  o rder 
lied to a natural taxonom y o f  the group.
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