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T h is  s tudy  investigated  m orpho log ica l characters and  e lec tropho re tic  po ly m o rp h ism  a t 25 
p ro te in  loci in  n ine wild p o p u la tio n s  o f  the A frican  clariid catfish Clarias gariepinus an d  seven 
w ild  p o p u la tio n s  o f C. anguillaris. Tw o o th er clariid species, Clarias a lbopuncia ius  and 
H eterobranchus longifilis, w ere used as o u tg roups in the allozym e study. M o rp h o m e trie  and  
a llozym e d a ta  are cong ruen t fo r the  N ilo-Sudanian  p o p u la tio n s  o f  C. gariepinus a n d  C. 
anguillaris. B o th  app roaches a lso  distinguished tw o g roups am ongst the  C. gariepinus  
p o p u la tio n s , one con tain ing  N ilo -S udan ian  popu la tions and  the o th e r  includ ing  L ak e  V ictoria  
an d  so u th e rn  A frican  popu la tions. H ow ever, allozym e d a ta  suggest th a t C. gariepinus  is n o t a 
m o n o p h y le tic  g ro u p  and show  th a t C. albopunctatus is m ore  d ivergent from  C. gariepinus  and 
C. anguillaris th a n  it is from  H. longifilis, stressing the need fo r a revision o f  clariid  system atics.
T h e  v a ria tio n  observed in C. gariepinus is discussed in term s o f palaeogeograph ica l even ts and 
its  use in aq u acu ltu re . 'g 1998 T he  Fisheries Society of the  B ritish  Isles

K ey  w ords: A frica; C lariidae; m o rphom etry ; allozym es; varia tion .

INTRODUCTION

C la r i id a e  o r  w a lk in g  ca tf ishes  o ccu r  n a tu ra l ly  in A s ia  M in o r ,  A f r ic a  a n d  
S o u th - e a s t  A s ia .  T h e y  a re  reco g n ized  by  an  e lo n g a te d  b o d y  w ith  sp in e less  a n d  
lo n g  d o r s a l  a n d  a n a l  fins, f o u r  p a i rs  o f  c i rc u m o ra l  b a rb e ls  a n d  e sp ec ia l ly  by  th e  
p r e s e n c e  o f  a s u p ra b ra n c h ia l  a i rb r e a th in g  o rg an .  A t  p re se n t ,  14 g e n e ra  in c lu d in g  
92 sp ec ie s  a re  k n o w n  (T euge ls ,  1996).

S o m e  c la r i id  species a re  o f  g re a t  e c o n o m ic  im p o r ta n c e  in f isheries  a n d  a re  
in te n s iv e ly  u sed  in fish c u l tu re  in  m a n y  p a r ts  o f  the w o r ld .  C laria s g a riep in u s  
(B u rc h e l l ,  1822) is o n e  o f  th e m .  Its  n a tu ra l  g e o g ra p h ic a l  d i s t r i b u t io n  ra n g e s  
f r o m  s o u th e r n  T u rk e y  to  the  O ra n g e  R ive r  in S o u th  A fr ica .  In  a  s y s te m a t ic  
r e v is io n  o f  th e  A fr ic a n  species o f  th e  genus C larias , T eu g e ls  (1986) p la c e d  th is  
sp ec ie s  in  th e  n o m in a te  s u b g e n u s  C larias {C larias), to g e th e r  w ith  C. a n g u illa r is  
( L in n a e u s ,  1758). E xcep t fo r  cen tra l  a n d  s o u th e rn  A fr ica ,  b o th  species  h a v e  an  
a l m o s t  s y m p a t r ic  d is t r ib u t io n .  T h e y  are  m o rp h o lo g ic a l ly  very  s im ila r ,  a n d  th e
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o n ly  c h a r a c te r  th a t  c a n  b e  u s e d  to  id e n t ify  th e m  easily  is th e  n u m b e r  o f  gili r a k e r s  
o n  th e  firs t b ra n c h ia l  a rch :  2 4 - 1 1 0  in  C. gariep inus  a n d  16-50  in C. a n g u illa ris  
(T eu g e ls ,  1982, 1986). In  b o t h  species, a n d  espec ia lly  in  C. g a r iep in u s , th is  
n u m b e r  is r e la te d  to  size; c l in a l  v a r ia t io n  h a s  a lso  b e e n  r e p o r te d  f o r  th is  
c h a ra c te r i s t i c  (T euge ls ,  1982). I f  gili r a k e r  n u m b e r  is a ffec ted  b y  e n v i ro n m e n ta l  
v a r i a t io n ,  its  d is c r im in a t in g  v a l id i ty  m a y  be  q u e s t io n a b le .

T o  o b ta in  g ene t ic  e v id en ce  fo r  th e  v a lid ity  o f  th e  tw o  species, T e u g e ls  e t al. 
(1992) e x a m in e d  e le c t ro p h o re t ic  v a r ia t io n  a t  13 p ro te in  loc i in  tw o  W e s t  A f r ic a n  
p o p u la t io n s  o f  b o th  species. T h e  re su lts  s h o w e d  th a t  s y m p a t r ic  p o p u la t io n s  w ere  
d i f f e re n t ia te d  s ign if ican tly  a n d  t h a t  m o rp h o lo g ic a l  a n d  g ene t ic  c lu s te r in g  w ere  
c o n g r u e n t .  M o r e  recen tly ,  A g n è s e  e t al. (1997) d e sc r ib e d  genetic  v a r i a t io n  a t  25 
p r o t e i n  loci, e ig h t  m ic ro s a te l l i te  loc i a n d  tw o  m t D N A  seg m e n ts  in  tw o  s y m p a t r ic  
s a m p le s  f ro m  th e  S enega l R iv e r .  T h e  th re e  a p p r o a c h e s  c o n f irm e d  t h a t  b o t h  
spec ies  w e re  g ene t ica lly  c lo se ly  r e la te d  (N e i ’s s t a n d a r d  g en e t ic  d is ta n c e  b a s e d  o n  
25 loc i — 0-16).

T h is  p a p e r  ex te n d s  th e  m o r p h o m e t r i c a l  a n d  th e  a l lo z y m e  s tu d y  to  n in e  
p o p u la t i o n s  o f  C larias g a r iep in u s  a n d  seven p o p u la t io n s  o f  C. a n g u illa ris  
s a m p le d  th r o u g h o u t  th e  d i s t r ib u t io n a l  ran g e s  o f  th e se  species in  o r d e r  to  
q u a n t i f y  th e i r  in t r a -  a n d  in te rsp ec if ic  v a r ia t io n  a n d  to  re tra ce  th e  g en e t ic  
r e la t io n s h ip s  b e tw ee n  p o p u la t i o n s  o f  b o th  species o v e r  a  la rge  g e o g ra p h ic a l  
scale .

MATERIALS AND M ETHODS

S A M P L IN G
Table I lists populations o f  C. gariepinus and C. anguillaris that were sampled, from 

localities illustrated in Fig. 1. All specimens examined were deposited at the M usée Royal 
de l’Afrique Centrale, Tervuren, Belgium, except for the sample from South Africa, 
which was not preserved. Species identifications followed Teugels (1986). Tw o other 
clariid catfishes, Heterobranchus longifilis Valenciennes, 1840 and C. ( Clarioides) 
albopunctatus Nichols & La M onte ,  1953 were used for ou tgroup com parison in the 
allozyme study. Their identification was based on Teugels et al. (1990) and Teugels 
(1986), respectively.

M O R P H O M E T R Y
In the m orphom etric  analysis, 13 measurements were m ade with dial callipers on each 

specimen following Agnèse et al. (1997). Measurements included: standard length, head 
length, interorbital width, occipital process length, occipital process width, premaxillary 
too thp la te  width, vomerine too thp la te  width, predorsal length, preanal length, prepelvic 
length, prepectoral length, dorsal-fin length and anal-fin length. F o r  each specimen, the 
num ber o f  gili rakers on the complete first branchial arch was counted. Results obta ined 
were log transformed and  subjected to principal com ponent analysis using the covariance 
matrix  (STA TISTICA  package; StatSoft inc., v. 3.1 and v. 5.0). To minimize the effect o f  
size differences between samples, the first component, which is considered to be the size 
factor as suggested by H um phries et al. (1981) and Bookstein et al. (1985), was not used.

E N Z Y M E  E L E C T R O P H O R E S IS
Twenty-five loci representing 16 enzyme systems (Agnèse et al., 1997) were scored by 

starch gel electrophoresis. Tissue extraction, migration buffer and staining procedures 
are described by G uyom ard  & K rieg  (1983) and Krieg & G uyom ard  (1985). The locus 
and allele nom enclature recom m ended by Shaklee et al. (1990) were used. Exact tests 
for H ardy-W einberg  equilibrium, genotypic linkage disequilibrium and genetic
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'  600 km
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F ig . 1. G eo g rap h ica l locations o f  Clarias gariepinus  (© )  an d  C. anguillaris (☆) p o p u la tio n s  sam pled. 
C o llec tion  sites are n u m b ered  as ind ica ted  in T ab le  I. T h e  ich th y o fau n al p rov inces sam p led  in  this 
s tudy  are: A , N ilo -S udan ; B, E ast C oast; C , Z am b esi: D , C ape o f  G o o d  H ope.

differentiation among populations were perfo rm ed  using the p rogram  G E N E P O P  
(R aym ond & Rousset, 1995). U nbiased estimates and standard  deviation of gene 
diversity and standard genetic distances were calculated according to Nei (1987) using 
BIOSYS-1 (Swofford & Selander, 1989). P henogram s were generated using P H Y L IP  
(Felsenstein, 1993) with the U P G M A  cluster analysis (Sneath & Sokal, 1973) and the 
restricted m axim um  likelihood (M L) m ethod  (Felsenstein, 1973). Bootstrap  values were 
com puted  over 1000 replications. The coefficient o f  popula tion  differentiation (GST) was 
estimated as described in C hak rabo rty  & Leim ar (1987). A bias correction o f  1/2Ñ, 
where Ñ  is the harmonic m ean over popula tion  sizes (C hakraborty  & Leimar, 1987) was 
applied.

RESULTS

M O R P H O M E T R IC  V A R IA T IO N
T w o  g r o u p s  (Fig. 2) c a n  b e  d i s t in g u is h e d  b y  th e  n u m b e r  o f  gili r a k e r s  o n  the  

f irs t b r a n c h ia l  arch: in  th e  first, id e n tif ied  a s  C. a n g u illa r is , gili r a k e r  n u m b e r  
in c re a s e d  s ligh tly  w ith  th e  s t a n d a r d  le n g th ;  in  th e  seco n d  g ro u p ,  id e n tif ied  as  
C. g a r iep in u s , th e  n u m b e r  o f  gili r a k e r s  in c re a s e d  c o n s id e ra b ly  w ith  in c re a s in g  
s t a n d a r d  len g th s .  T h e  sm all-s ized  sp e c im e n s  f r o m  L a k e  V ic to r ia  w e re  iden tif ied  
as  C. g a riep in u s  b ecau se  n o  la rg e  sp e c im e n s  w i th  a  re d u c e d  n u m b e r  o f  gili r a k e r s  
(i.e. C. anguillaris) h a v e  e v e r  b een  r e p o r te d  f r o m  th is  la k e  (T euge ls ,  1986).

T h e  re su l ts  o f  th e  m o r p h o m e t r i c  a n a ly s is  f o r  th e  d iffe ren t p o p u la t io n s  o f  
C. a n g u illa r is  a r e  p re s e n te d  in F ig . 3. A s  n o  d iffe ren ce  c o u ld  be  fo u n d  b e tw ee n  
sp e c im e n s  f ro m  S elingue  a n d  B a m a k o  in M a l i ,  th e y  w ere  co n s id e re d  as  one  
g r o u p  in th is  analysis .  T h e  sa m e  w a s  d o n e  fo r  spec im ens  f ro m  H a d id e
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F ig . 2. N u m b e r  o f  gili rakers  o n  the  first b ran ch ia l arch in re la tion  to  the  s ta n d a rd  leng th  (L s ) fo r all 
specim en exam ined  o f  C. gariepinus  a n d  C. anguillaris. O , Senegal: □ ,  Selingue; O , B am ako ; A , 
C a iro ; 0 ,  L ake M anza lla ; 0 ,  H ad id e ; ♦ ,  N djam ena; A ,  L ake V ictoria; + ,  Sw aziland; *, Layo.
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F ig . 3. P lot o f  second  and  th ird  ax is o f  a p rincipal com ponen t analysis using  13 log -tran sfo rm ed  m etric 
v ariab les  fo r fo u r  p o p u la tio n s  o f  C. anguillaris. S. Senegal; M , M ali: C , C had; L, Iv o ry  C oast.

a n d  N d j a m e n a  in C h a d .  T h e  f o u r  re m a in in g  p o p u la t io n s  a lm o s t  c o m p le te ly  
o v e r la p p e d  a n d  c o u ld  n o t  be  d is t in g u is h e d  f ro m  each  o th e r  e i th e r  o n  th e  second  
o r  o n  th e  th i r d  c o m p o n e n t .  T h e  sm all size o f  the p o ly g o n  f ro m  C h a d  is 
u n d o u b te d ly  re la te d  to  th e  sm a l l  s a m p le  size ( n - 5).

F o r  C. g a riep in u s , th e  s p e c im e n s  f ro m  H a d id e  a n d  N d ja m e n a  in  C h a d  w ere  
c o n s id e re d  as  a  single  g r o u p .  In  th e  sam e w ay, th e  spec im ens  f ro m  C h o b r a  a n d  
L a k e  M a n z a l a  in  E g y p t  c o m p le te ly  o v e r la p p e d  an d  w ere  also  c o n s id e re d  to  
r e p re s e n t  a  s ingle  g ro u p .  In  c o n t ra s t  to  C. angu illa ris , th e  p o p u la t io n s  o f  
C. g a riep in u s  (F ig .  4) d is p la y  a c o n s id e ra b le  m o r p h o m e t r ic  v a r ia t io n .  M o s t  
su rp r is in g ly ,  th e  p o p u la t io n  f ro m  E g y p t ,  s i tu a ted  on th e  n eg a t iv e  s e c to r  o f  the  
se c o n d  c o m p o n e n t ,  is en t i re ly  s e p a ra te d  f rom  th e  L ake  V ic to r ia  one , c o m p le te ly  
lo c a te d  o n  th e  p os itive  s e c to r  o f  th e  second  c o m p o n e n t .  T h is  second  c o m p o n e n t

C. g a r ie p in u s

° »H»> a A ,/ a  M /•  
x* Î  ,

C. a n g u il la r is
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F i g . 4. P lo t o f  second  and th ird  axes o f  p rin c ip a l co m p o n en t analysis using 13 log -transfo rm ed  m e tric  
variab les fo r  five p o p u la tio n s  o f  C. gariepinus. S, Senegal: M , M ali; N , C had ; E, E gypt; W , 
Sw aziland; V , Lake V icto ria .
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F i g . 5. P lo t o f  second and th ird  axes o f  p rin c ip a l co m p o n en t analysis using 13 log -transfo rm ed  m e tr ic
variab les fo r  all specim ens exam ined  o f  C. anguillaris (H ; ------ ) and  C. gariepinus ( O ; ------- ).
B, B am ak o ; C, Cairo; E , L ak e  M a n za la : H , H adide; L. C ô te  d 'Iv o ire ; M , Selingue; N , C h ad ; 
S, Senegal; V, Lake V ic to ria ; W , S w aziland .

is m e re ly  def ined  by  th e  w id th  o f  t h e  p re m a x i l la ry  to o th p la t e ,  the  w id th  o f  th e  
o c c ip i ta l  p ro cess ,  the  l e n g th  o f  t h e  o cc ip i ta l  p ro cess  a n d  th e  do rsa l-f in  le n g th .  
P o p u la t io n s  f ro m  S en eg a l  a n d  C h a d  m o s t ly  o v e r la p ,  a n d  a n  im p o r ta n t  o v e r la p  
w a s  a lso  n o te d  b e tw ee n  th e  p o p u l a t i o n s  f ro m  E g y p t  a n d  C h a d .  T h e  L a k e  
V ic to r i a  p o p u la t io n  p a r t l y  o v e r la p p e d  w i th  the  p o p u la t io n  f ro m  S w a z i la n d ,  a n d  
th e  p a r t i a l  o v e r la p  w ith  th e  C h a d  p o p u la t io n  sh o u ld  a lso  b e  no ted .

A n  o v e ra l l  m o r p h o m e t r i c  a n a ly s i s  o f  all p o p u la t io n s  e x a m in e d ,  s h o w e d  t h a t  
b o t h  species  c o m p le te ly  o v e r la p p e d  (F ig .  5), b u t  in te res t in g ly  a lm o s t  a ll  C. 
an g u illa ris  o v e r la p p e d  w i th  th e  C. g a riep in u s  spec im ens  f ro m  L a k e  V ic to r ia  a n d  
S w a z i la n d  lo c a te d  on  th e  p o s i t iv e  s e c to r  o f  the  se c o n d  P C A  c o m p o n e n t .  In  th is  
a n a ly s is ,  th e  second  c o m p o n e n t  w a s  def ined  by th e  w id th  o f  th e  p r e m a x i l l a ry  
t o o th p la t e ,  th e  w id th  o f  th e  o c c ip i ta l  p rocess ,  th e  do rsa l-f in  len g th  a n d  th e  
an a l- f in  len g th .
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A LLO ZY M E V A R IA T IO N
O u t  o f  25 loci s c o re d ,  23 w ere  p o ly m o rp h ic  (T ab le  II). O n ly  o n e  s ignificant 

d ev ia t io n  f ro m  th e  H a r d y - W e in b e r g  ( H - W )  e q u a t io n  w as fo u n d  a t  th e  5% level 
0 015) o u t  o f  80 p ro b a b i l i ty  tests. M u lt ip le  tests  by locus  a n d  by p o p u la t io n  

using  F ish e r ’s m e th o d  d id  n o t  yield a n y  s ign if ican t d e v ia t io n  f ro m  H - W  
(P -va lues  >0-49). E x a c t  te sts  fo r  l inkage  d ise q u i l ib r iu m  b e tw ee n  loci gave n ine  
significant va lues  a t  th e  5%  level o u t  o f  472 te s ts  d o n e  ( a b o u t  24 s ign if ican t tests 
w ere  expec ted  o n  th e  b as is  o f  type  I e r ro r) .  S ign if ican t tests  w ere  d is tr ib u te d  
ra n d o m ly  ac ro ss  p o p u la t io n s .  N o  m u l t ip le  te s t  by  p a i r  o f  loci w as  significant.

E igh teen  a n d  16 loci e x h ib i te d  v a r ia t io n  in C. g a riep inus  a n d  C. anguillaris  
p o p u la t io n s ,  respec tive ly ,  w ith  th e  n u m b e r  o f  a lleles ra n g in g  f ro m  tw o  to  seven. 
O n ly  fo u r  loci e x h ib i te d  v a r ia t io n  in C. a lb o p u n c ta tu s  a n d  in  H. longifilis  
p o p u la t io n s ,  w ith  tw o  o r  th re e  alleles a t  these  loci. M o r e  t h a n  10 loci w ere  
d ia g n o s t ic  b e tw ee n  C. a lb o p u n c ta tu s  a n d  H. longifilis  (12 loci), C. gariep inus  (11) 
o r  C. anguillaris  (13). Six d is c r im in a t in g  loci w ere  fo u n d  b e tw ee n  H . longifilis  
a n d  C. anguillaris  o r  C. g a riep in u s , a n d  n o n e  be tw een  C. angu illa ris  a n d  C. 
gariep inus. H o w e v e r ,  th e se  tw o  species c o u ld  b e  d is t in g u ish ed  g ene t ica lly  by the  
o c c u rre n c e  o f  p r iv a te  alleles a n d  la rge  allele f req u en cy  differences. In  the  
S u d a n ia n  s a m p l in g  sites  (i.e. Senegal,  C h a d  a n d  N ig e r  B asins)  w here  b o th  
species o ccu r  s y m p a tr ic a l ly ,  th e  in d iv id u a l  g e n o ty p e s  w ere  c o n s is te n t  w ith  the  
m o rp h o lo g ic a l  p h e n o ty p e s .

All p o p u la t io n s  w ere  p o ly m o rp h ic  (T a b le  II). P o ly m o rp h i s m  (u n d e r  th e  
0-95 c r ite r io n )  ra n g e d  f ro m  12 to  48 %  in C. g a riep in u s , a n d  f ro m  16 to  28%  in 
C. anguillaris. G e n e  d iv e rs i t ie s  w ith in  p o p u la t io n s  ra n g e d  f ro m  5-3% to 15-4% 
in  C. gariep inus  w ith  a n  a v e ra g e  v a lu e  o f  11-2% a n d  f ro m  4-6 to  9 T %  in 
C. anguillaris  w ith  a n  a v e ra g e  v a lue  o f  7-5%. H etero b ra n ch u s  longifilis  a n d  
C. a lbopunc ta tu s  e x h ib i te d  lo w er  va lues  (8 a n d  12% fo r  th e  p o ly m o rp h is m  ra te  
a n d  3-3 a n d  4-1%  fo r  th e  o b s e rv e d  h e te ro zy g o s i ty ,  respectively).

N e i 's  s ta n d a r d  g en e t ic  d is ta n c e s  (T ab le  I I I )  r a n g e d  f ro m  0-008 ( M a n z  G  a n d  
C h o b  G ) to  0-29 ( S o A f  G  a n d  Seli G )  in  C. gariep inus. In  C. angu illa ris , th ey  
va r ied  f ro m  0 005 ( L a y o l  A  a n d  L a y o 2  A ) to  0-043 ( L a y o l  A a n d  D ja m  A). T h e  
m e a n  genetic  d is ta n c e  w ere  0-207 ± 0 -0 8 1  b e tw ee n  b o th  species a n d  0-147 ±  0-075 
a n d  0-022 ± 0 - 0 1 2  w ith in  C. g ariep inus  a n d  C. an g u illa ris , respective ly .  T h e  
la rg es t  d ive rgence  w as  b e tw e e n  C. a lb o p u n c ta tu s  a n d  th e  o th e r  th re e  species 
(genetic  d is ta n ces  r a n g in g  f ro m  0-713 to  1-232). H etero b ra n ch u s  longifilis  
a p p e a re d  to  be  m o re  c lose ly  re la te d  to  C. gariep inus  a n d  C. a n g u illa ris  th a n  to  C. 
albopuncta tus. G e n e t ic  d if fe re n t ia t io n  tests  w ere  h igh ly  s ign if ican t  (P < 0 -0 0 1 )  fo r  
all p a irs  o f  p o p u la t io n s ,  ex c e p t  fo r  L a y o  1 a n d  2.

A  U P G M A  p h e n o g r a m  d e r iv e d  f ro m  s ta n d a r d  N e i 's  g ene t ic  d is ta n c e s  (Fig. 6) 
s h o w e d  th a t  C. g a riep in u s  p o p u la t io n s  d id  n o t  fo rm  a s ingle  c lu s te r  c o m p a re d  to  
C. anguillaris. O n e  g ro u p ,  in c lu d in g  L a k e  V ic to r ia  a n d  S o u th  A f r ic a n  p o p u la ­
t io n s ,  w as s u b s ta n t ia l ly  d iv e rg e n t  f ro m  th e  o th e rs .  T h e  r e m a in in g  C. gariep inus  
p o p u la t io n s  fo rm e d  a  s ing le  c lu s te r  w ith  respec t to  C. anguillaris. T h e  c o n g ru ­
ence  be tw een  tre e  to p o lo g y  a n d  h y d ro g ra p h ic a l  o r ig in  w as  h igh . N o te  th a t  th e  
to p o lo g y  w as n o t  s u p p o r te d  b y  h ig h  b o o t s t r a p  va lues ,  e x c e p t  fo r  the C. 
angu illa ris  c lus te r .  T h e  L a k e  V ic to r ia  a n d  the  S o u th  A fr ic a n  p o p u la t io n s  a lso  
c lu s te red  to g e th e r  a n d  d iv e rg e d  f ro m  all th e  o th e r  sam p les  in th e  M L  tree  (resu lts  
n o t  sh o w n ) .  F in a l ly ,  in  all cases  C. a lb o p u n c ta tu s  b r a n c h e d  first, fo l low ed  by
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FiG. 6. U P G M A  tree  derived fro m  s ta n d a rd  N e i’s genetic d istances betw een C. gariepinus, C. anguillaris, 
H. longifilis a n d  C. albopunctatus  sam ples. B o o ts trap  values estim ated  fro m  1000 rep lications are 
re p o rted  w hen  higher th a n  50%.

H . lo n g ifilis  a n d ,  th e  c lu s te r  g r o u p in g  b o th  C. g a riep in u s  a n d  C. angu illa ris  
p o p u l a t i o n s ,  w h ic h  is s u p p o r t e d  b y  a  h ig h  b o o t s t r a p  v a lu e  (97% ).

C o r r e c t e d  G s x  v a lu es  w e re  a p p r o x im a te ly  0-15 in  C. a n g u illa ris  (L a y o  1 a n d  2 
w e re  p o o le d ) ,  0-44 w ith  a n d  0-20 w i th o u t  th e  L a k e  V ic to r ia  a n d  S o u th  A f r ic a n  
p o p u l a t i o n s  in  C. gariep inus.

DISCUSSION

PARTIAL CONGRUENCE BETWEEN MORPHOMETRIC AND ALLOZYME 
DATA

T h e  a l lo z y m e  a n d  m o r p h o m e t r i c  d a t a  a re  c o n g ru e n t  o n  severa l p o in ts .  T h e y  
c o n f i r m  th e  o c c u r r e n c e  o f  tw o  d is t in c t  s y m p a tr ic  species in  the  N i lo - S u d a n ia n  
re g io n :  C. a n g u illa r is  a n d  th e  N i lo - S u d a n  p o p u la t io n s  ( in c lu d in g  W e s t  A f r ic a  
a n d  N i le  re g io n s )  o f  C. g a riep inus. T h e y  a lso  p o in t  o u t  th a t  d i f fe re n t ia t io n  
b e tw e e n  p o p u la t io n s  is r a t h e r  lo w  in  th is  a rea .  C l im a to lo g ic a l  a n d  g eo log ica l 
e v e n ts  d u r in g  th e  L a te  Q u a te r n a r y  la rge ly  exp la in  th e ir  u n i fo rm i ty  (R o b e r ts ,  
1975; see b e lo w ) .  B o th  a p p r o a c h e s  a lso  d is t in g u ish  th e  N i lo - S u d a n ia n  p o p u l a ­
t io n s  o f  C. g a riep in u s  f r o m  th e  L a k e  V ic to r ia  a n d  s o u th e rn  A f r ic a n  p o p u la t io n s  
(S w a z i la n d  in  th e  m o r p h o m e t r i c  an a ly s is ,  S o u th  A fr ic a  in  th e  a l lo zy m e  s tu d y ) .

H o w e v e r ,  th e  tw o  a p p r o a c h e s  s h o w  a  m a jo r  d isc rep a n cy : I n  the  m o r p h o m e t r i c  
s tu d y  ( m e a s u r e m e n ts  a n d  gili r a k e r  c o u n ts )  tw o  g ro u p s ,  C. anguillaris  a n d  C. 
g a r ie p in u s , c a n  b e  d is c e rn e d ,  w h ile  in  th e  a l lo zy m e  s tu d y  the C. gariep inus  
p o p u l a t i o n s  d o  n o t  f o r m  a  m o n o p h y le t i c  g ro u p  w ith  re sp e c t  to  C. anguillaris  
s ince  th is  spec ies  s e p a ra te s  c lea r ly  th e  N i lo -S u d a n ia n  p o p u la t io n s  o f  C. 
g a r ie p in u s  f r o m  th e  L a k e  V ic to r ia  a n d  S o u th  A fr ican  ones.  A l th o u g h  th e  c lu ste rs  
o b t a i n e d  w i th  th e  a l lo z y m e  d a t a  d o  n o t  show  h ig h  b o o t s t r a p  va lues ,  th is  
t o p o l o g y  is s u p p o r t e d  b y  p re l im in a ry  m t D N A  R F L P  d a t a  (K rieg  &  G u y o m a r d ,  
u n p u b l .  d a ta ) .  I f  th is  t o p o lo g y  is c o r re c t ,  th e  va lid ity  o f  th e  h igh  n u m b e r  o f  gili 
r a k e r s  to  a ss ig n  all th e  C. g a riep in u s  p o p u la t io n s  to  a single  species w ith  respec t 
to  t h e  o th e r  C la ria s  spec ies  is q u e s t io n a b le .  I t  is n o te w o r th y  th a t  la rge  n u m b e rs
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o f  gili r a k e rs  c a n  a lso  b e  fo u n d  in som e o th e r  c la r i id  species (T euge ls ,  1983: 
T euge ls  cl ci/.. 1990). N ev e r th e le ss ,  this c h a ra c te r  rem a in s  valid  fo r  the  identifi­
c a t io n  o f  s y m p a t r ic  p o p u la t io n s  in the N i lo -S u d a n ia n  reg ion . Even  if the gili 
r a k e r  n u m b e r  is n o t  in c lu d e d ,  a l lozym e an d  m o rp h o m e t r ic  d a ta  d o  n o t  show  the 
sa m e  tren d .  T h e  fo rm e r  set o f  d a t a  c lusters  all th e  N i lo -S u d a n ia n  p o p u la t io n s ,  
while  in the  m o r p h o m e t r i c  ana lysis .  C. anguillaris  seem s to be c lo se r  to  the  Lake 
V ic to ria  a n d  S w a z i la n d  p o p u la t io n s .  F u r th e r  re sea rch  in c lu d in g  ad d i t io n a l  
c h a ra c te r s  a n d  p o p u la t io n s ,  in p a r t ic u la r  th o se  o r ig in a t in g  f ro m  the  area 
be tw een  L a k e  V ic to ria  a n d  the  O ra n g e  R iver, is req u ired  to  u n d e r s ta n d  the 
d isc re p a n c y  b e tw ee n  m o r p h o m e t r i c  a n d  g ene t ic  d a ta  a n d  to  c larify  the 
p h y lo g en e tic  r e la t io n s h ip s  b e tw ee n  C. gariep inus  a n d  C. anguillaris.

O u r  a l lo z y m e  d a t a  a lso  s h o w  th a t  C. [C laro ides) a lb o p u n c ta tu s  is m ore  
d ive rgen t f ro m  C. (C la r ia s) gariep inus  an d  C. ( C laria s) angu illa ris  th a n  is 
H. longifilis. In a s im i la r  s tu d y .  T euge ls  e t al. (1992) sh o w ed  th a t  C. (A nguillo- 
clarias) ehriensis  is a lso  less c losely  re la ted  to  C. ( C larias) angu illa ris  a n d  C.
( C la ria s) g a riep in u s  th a n  H. longifilis. T hese  f ind ings sh o u ld  be p a ra l le led  w ith 
the  fact th a t  th e  s u b g e n e ra  C. (C larias)  a n d  C. (D ino to p tero id es)  a p p e a r  to  be 
closely  re la ted  to  H. long ifilis  fo r  so m e  m o rp h o lo g ic a l  a n d  o s te o lo g ic a l  features 
(Teugels . 1983; T eu g e ls  e t al.. 1990). This  co n f irm s  the need  fo r  a revision o f  
c la r i id  sy s tem a tic s  in v o lv in g  b o th  m o rp h o lo g ic a l  a n d  genetic  a p p ro a c h e s  a n d  is 
the  sub jec t o f  f o r th c o m in g  research .

I NT R A S P E C I F I C R E L A T I O N S H I P S  A N D  P A L E O G E O G R A P H Y

T h e  ic h th y o fa u n a  o f  t ro p ic a l  A fr ica  has  been rela tive ly  u n ifo rm  w i th  regard  to 
its g e o g ra p h ic a l  d i s t r i b u t io n ,  a t  least until  the M io cen e  (R o b e r ts ,  1975; Beadle, 
1981): so m e  species, in c lu d in g  C larias  spp ..  w ere  w idely  d is t r ib u te d .  A fte r  the 
M io cen e ,  te c to n ic  m o v e m e n ts  led to  the fo rm a t io n  o f  the  R ift V alleys and  
im p o r ta n t  c h a n g e s  o f  the  h y d ro g ra p h ic  system s in th is  a re a .  T h e  R i f t  Valleys 
have  re su lted  in p a r t i c u la r  in th e  iso la tion  o f  tw o  d is tinc t reg io n s  w h ic h  differ 
g rea t ly  in th e i r  p re s e n t  fish f a u n a  c o m p o s i t io n :  the  N i lo -S u d a n  a n d  the  East 
c o a s t  i c h th y o fa u n a l  p ro v in c e s ,  th is  second  p ro v in ce  in c lu d in g  L a k e  V ictoria  
(R o b e r ts .  1975). S ince  th e  level o f  genetic  v a r ia t io n  w ith in  p o p u la t io n s  is high in 
C. gariep inus. it c a n  be a s s u m e d  th a t  the  la rge  genetic  d ive rgence  f o u n d  betw een 
the N i lo -S u d a n ia n  a n d  L a k e  V ic to r ia n  p o p u la t io n s  d id  n o t  resu lt  f r o m  a  recent 
f o u n d e r  effect, b u t  a p p e a r s  to  reflect an  an c ien t  d ivergence , p r o b a b ly  d u e  to  the 
s e p a ra t io n  o f  th e  tw o  p ro v in ce s .  I f  on e  assu m es  a  m o le c u la r  c lock  hypo thesis  
a n d  a p p ly  th e  s u b s t i tu t io n  r a te  p ro p o s e d  by G o r m a n  et aí. (1976) f o r  a llozym es 
to  o u r  d a ta ,  o n e  o b ta in s  a  co a le scen ce  tim e o f  3-9 M y e a r  b e tw ee n  L a k e  V ictoria  
a n d  N i lo -S u d a n ia n  p o p u la t io n s .  T h is  value  is ro u g h ly  in a g re e m e n t  w ith  the 
d a t in g  o f  th e  f o r m a t io n  o f  th e  R ift L akes  (B ead le .  1981).

T h e  p a r t ia l  m o r p h o m e t r i c  o v e r la p p in g  a n d  genetic  c lu s te r in g  o f  th e  Sw aziland  
o r  O ra n g e  R iv e r  B as in  p o p u la t io n s  a n d  the  L a k e  V ic to r ia  p o p u la t io n  could  
sugges t th a t  th e y  d e s c e n d e d  f ro m  a  c o m m o n  an ce s to r ,  d if fe ren t f ro m  the 
N i lo -S u d a n ia n  on e .  T h is  h y p o th e s is  is p lausib le  since the  ic h th y o fa u n a e  o f  the 
E as t  C o a s t  a n d  Z a m b e s i  p ro v in c e s  are  closely re la ted . C larias gariep inus  is 
a s s u m e d  to  h a v e  in v a d e d  th e  C a p e  P rov ince  f ro m  the  Z a m b e s i  B as in  (R o b e r ts ,  
1975). H o w e v e r ,  th is  c lu s te r  is n o t  s u p p o r te d  by  very h igh  b o o t s t r a p  v a lu es  and
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an  a l te rn a t iv e  scen a r io  o f  c o lo n iz a t io n  o f  th e  C a p e  P ro v in c e  f r o m  th e  Z a i r e  B as in  
via  th e  Z a m b e s i  o r  C u n e n e  R ive rs  c a n n o t  b e  e x c lu d ed  ( R o b e r t s ,  1975).

C l im a to lo g ic a l  a n d  geo log ica l e v en ts  d u r in g  th e  re c e n t  Q u a t e r n a r y  a r e  l ike ly  to  
e x p la in  m o s t  o f  the  g e o g ra p h ic a l  v a r i a t io n  o b s e rv e d  in  m o r p h o l o g ic a l  c h a r a c t e r s  
a n d  p ro te in  loci fo r  th e  N i lo -S u d a n ia n  p o p u la t io n s  o f  b o t h  specie s .  D u r i n g  th e  
p luv ia l p h a se s  o f  th is  p e r io d ,  lakes  a n d  r ivers  e x p a n d e d  d r a m a t i c a l l y  o v e r  m o s t  
o f  th e  N i lo - S u d a n ia n  reg ion  a n d  c o n n e c t io n s  w ere  e s ta b l i s h e d  b e tw e e n  th e  
h y d ro g ra p h ic  b as in s  o f  th is  reg ion  (R o b e r t s ,  1975; B ead le ,  1981; G r o v e ,  1985). 
P resen tly ,  th e  u p p e r  reac h es  o f  th e  m a jo r  b a s in s  o f  th e  m a jo r  W e s t  A f r i c a n  r iv e r  
system s (i.e. Senegal ,  N ig e r  a n d  C h a d )  a re  in c o n ta c t  d u r in g  h e a v y  r a in y  s e a s o n s  
(B eadle , 1981). T h e se  c o n n e c t io n s  m a y  h a v e  a l lo w e d  in d iv id u a ls  to  m i g r a te  f ro m  
o n e  b as in  to  a n o th e r ,  as  in d ic a te d  b y  th e  la c k  o f  s u b s t a n t i a l  d i f f e r e n t ia t io n  
b e tw ee n  p o p u la t io n s  a n d  the  h igh  level o f  g ene  d iv e rs i ty  w i th in  p o p u la t io n s .  I t  
is n o te w o r th y  th a t  th e  p a t te rn  o f  d if fe re n t ia t io n  o f  C. g a r iep in u s  p o p u la t io n s  in  
th e  N i lo -S u d a n ia n  reg io n  p r o b a b ly  reflects th e  c h r o n o lo g y  o f  s e p a r a t i o n  
b e tw ee n  th e  d iffe ren t  b a s in s  o f  th is  re g io n  (R o b e r t s ,  1975; B e a d le ,  1981; G r o v e ,  
1985), as s u p p o r te d  by  th e  s im ila r  p a t t e r n  o f  d i f f e re n t ia t io n  a m o n g  t i la p ia  spec ie s  
(R o g n o n  et a l., 1996).

IM PL IC A T IO N  FO R  T H E  D O M E S T IC A T IO N  O F  C. G A R IE P IN U S
D esp ite  th e  re la tive ly  sm all n u m b e r  o f  n a tu r a l  p o p u la t io n s  o f  C. g a r ie p in u s  

e x am in ed  h e re ,  th is  species a lre a d y  e x h ib i ts  a  v e ry  h ig h  level o f  p o ly m o r p h i s m  
a n d  a  s t ro n g  g e o g ra p h ic a l  s t ru c tu r in g  o f  its g en e t ic  d iv e rs i ty .  O th e r  d iv e rg e n t  
p o p u la t io n s  m a y  be  iden tif ied  w h en  a d d i t io n a l  p o p u la t io n s ,  p a r t i c u la r ly  in  o th e r  
ic h th y o fa u n a l  p ro v in ce s ,  a re  in v es t ig a ted .

D o m e s t ic a te d  s to ck s  o f  C. g ariep inus  h a v e  b e e n  fo u n d e d  a n d  p r o p a g a t e d  in  
v a r io u s  c o u n t r ie s  fo r  a q u a c u l tu re .  D e s p i te  th e  in c re a s in g  c o m m e rc ia l  i m p o r ­
ta n c e  o f  th is  species, li ttle  is k n o w n  a b o u t  its  g en e  d iv e rs i ty  s ince  few  o f  th e se  
cu l tu re d  s to c k s  h a v e  b e e n  an a ly sed  (T eu g e ls  e t a l . , 1992; V a n  d e r  B a n k  e t a l., 
1992). T h e  r a t io n a l  u t i l iz a t io n  o f  g en e t ic  re s o u rc e s  re q u ire s  an  a s s e s s m e n t  o f  
th e i r  genetic  d iv e rs i ty  in c o m p a r is o n  w ith  w ild  s to ck s .  T h is  c a n  be  a c h ie v e d  w i th  
th e  m e th o d s  used  h e re  a n d  a lso  m o r e  p o w e r fu l  m o le c u la r  te c h n iq u e s  re c e n t ly  
deve loped  (G a lb u s e r a  e t a l ., 1996). D e p e n d in g  o n  th e  re su l ts  o f  th e se  in v e s t ig a ­
t io n s ,  the  f o u n d in g  o f  new  f ish -fa rm ed  s to ck s  o r  th e  r e s to r a t io n  o f  g en e t ic  
v a r ia t io n  in  ex is t in g  o n es  m a y  be  w a r r a n te d .  H o w e v e r ,  c u l tu r e d  s to c k s  s h o u ld  b e  
e s tab l ished  w i th o u t  t r a n s fe r r in g  fish b e tw e e n  i c h th y o f a u n a l  p ro v in c e s ,  in  o r d e r  
to  avo id  g en e t ic  c o n ta m in a t io n  o f  th e  n a t iv e  g ene  p o o l .

This paper forms part of the STD III G E N E T IC S  (ERBTS3*CT920079). The 
contributions o f  G G T , PG  and FV are also part o f  the F K F O -N F W O  project Catfish 
(no. 2.0014.94).
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variable. The observation that some groups have disappeared as a  resuit o f fishins 
pressure indicates that such generalizes are not applicable to  all species.

V ideler. H .. G ee rtje s . G . J. & V ideler. J . J . (D ep a r tm e n t o f  M arine Biology, 
G roningen U niversity, P .O . B o x  14, 9750 A  A  H aren , T he N etherlands).

Novel antibiotics from parrot-fish pyjamas

This study searched for glycoproteins and their potential batericidal properties in the 
pyjamas o f  the queen parrotfish [Scarus vetula). It was found th a t the m ucous cocoon is 
an extensive di-sulphate bonded network consisting exclusively o f  small glyco-'proteins of 
about 21 kD a ap p aran t m olecular weight. N -term inal am ino acid sequencing resulted in 
an unique sequence o f  the first 25 am ino acids. Sonicated sam ples o f mucus inhibit 
growth o f  Escherichia coli, strains lilly and 8623, Micrococcus luteus, Aeromonas 
hydrophilu and Vibrio anguilarium. The dialysed new pro tein  (pyjamicine) had an 
antibiotic effect on Micrococcus luteus and Aeromonas hydrophilu.

V o lc k a e r t. F . A . M ., H e llem a n s . B. [K a th o lieke  U niversite it L euven , Z oologica l 
In stitu te , N a a m se s tra a t 59, B -3000  L euven , B e lg iu m ) & L egendre , M . 
[O R S T O M , J a k a r ta  12540, Indonesia).

The genetic variability o f some catfishes o f the genus Pangasius and Clarias in SE  
Asia as measured with D N A  microsatellites

Ten species-specific D N A  microsatellites were developed fo r the catfishes Clarias 
batrachus and Pangasius hypophthalmus by m eans o f a gD N A  bank  enriched for di- and 
tetranucleotides. Several o f  these m arkers, as well as m arkers previously developed 
specifically for C. gariepinus. were applicable (i.e. observing a  high level o f genetic 
variability) in related species o f the genus Clarias and Pangasius. A significant level o f 
genetic variability was observed in catfish populations collected in the field or by 
sampling alive in fish m arkets from  the M ekong D elta (Vietnam ) and Java Island 
(Indonesia), apart from  the reported  taxonom ic diversity. Estim ates o f  family and 
genetic variability point to  well-structured populations w ith the typical features o f 
freshwater fish populations.

W a k e fo rd . R . C ., K irk w o o d , G . P . (R enew ab le  R eso u rces A sse ssm en t Group, 
Im p eria l College, 8 P rin c e 's  Gardens, L ondon , S W 7  I N A  U .K .) & M ees, C . C. 
[M arine  R esources A sse ssm en t Group L td , 4 7  P rince 's  G ate, L ondon, S W 7  2Q A  
U .K .).

Developing management strategies for the domestic fishery o f the Seychelles

The level o f  fishing w ithin the inshore region of the Seychelles means a form of 
regulation is now required in order to  sustain present catch levels and conserve the future 
biological status o f the resource. This research aims to  develop and evaluate a num ber of 
alternative m anagem ent strategies for the domestic fishery. An existing research frame­
w ork has been adapted  to collect inform ation on the biological, technical, economic and 
socioeconom ic attribu tes o f  the domestic fishery. This fram ew ork form s the basis o f a 
prelim inary institutional analysis o f the dom estic fishery and provides specific inform a­
tion on the decision-m aking arrangem ents o f the fishers. The la tte r will be used to  help 
predict the behaviour o f  fishers in response to different m anagem ent strategies. These 
da ta  will be com bined to develop a  bio-socioeconomic sim ulation model o f the fishery, 
which will be used to investigate the likely outcom es from new m anagem ent strategies 
(e.g. m axim um  em ploym ent, sustainability of the resource base). The results o f this study 
can then be used to  develop guidelines for a m anagem ent plan o f the dom estic fishery.
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