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Ichthyofauna of South African estuaries in relation to 
the zoogeography of the region

T. D. Harrison1

South  A frican In stitu te  for A quatic  B iodiversity , P rivate  Bag 1015, G rah am to w n  6140, S outh  A frica

A b s t r a c t

The fish fauna of South African estuaries are described and  com pared in relation to the zoogeography 
o f the region. E stuaries w ith in  each b iogeograph ic  reg ion  w ere  fo u n d  to  contain  fairly d istinctive 
fish com m unities. S ubtropical estuaries are characterised  by species o f trop ical orig in  th a t p refer 
w a rm e r w aters. S ou th  coast endem ic taxa th a t en ter w a rm e r w a te rs  are also im p ortan t, a lthough  
these species seem  to have a preference for w arm -tem perate  system s. In the w arm -tem perate  region, 
the  fauna genera lly  com prises endem ic taxa as w ell as som e eu ry th e rm al trop ica l species. The 
estuaries o f the  coo l-tem perate  reg ion  do no t con tain  any  u n iq u e  taxa, bu t ra th e r com prise those 
so u th  coast endem ic species th a t are able to ex tend  th e ir range w estw ard s.

1 Current address: Environment and Heritage Service, Department of the Environment, Commonwealth House, 
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Ichthyofauna of South African estuaries in relation to 
the zoogeography of the region

T.D. Harrison

INTRODUCTION

The S outh  A frican coast, w h ich  ex tends for som e 3400 
km  from  the O range R iver m o u th  (28° 38S; 16° 27E) on 
the w est coast to  Kosi Bay (26° 54S; 32° 48E) on the  east 
coast, is in tersec ted  by n u m ero u s  ou tle ts ran g in g  from  
rela tively  large, p e rm an en tly  open  estuaries to  sm all 
coastal stream s. Since estuaries are form ed w here  rivers 
m eet the sea, they  are affected  by varia tions in both  
clim atic an d  m arin e  co n d itio n s (Day, 1981; C ooper, 
2001). The S ou th  A frican  coastline sp an s  a range  of 
clim atic an d  oceanograph ic  cond itions an d  as a resu lt, 
e s tu a r in e  e n v ir o n m e n ts  a n d  th e i r  a s s o c ia te d  
ich thyofauna are no t un ifo rm ly  d is trib u ted  along  the 
coast; m any  estuarine fish species are confined to specific 
geog raph ic  regions, o r even to  estuaries w ith in  these 
reg ions (W hitfield, 1994).

A  g rea t dea l o f e s tu a rin e  fish  re sea rch  h as  been  
conducted  across the South A frican region. Such stud ies 
have inc luded  basic ecological su rveys w ith in  estuaries 
around  the country (e.g. Branch & Grindley, 1979; Branch 
& Day, 1984; P lu m stead  etal., 1985; 1989a; 1989b; 1991; 
Ter M orshu izen  etal., 1996a; C ow ley & W hitfield, 2001). 
The seasonal abundance  an d  d is trib u tio n  o f fishes in 
selected estuaries has also been investigated  (e.g. M arais 
& B aird, 1980; M arais, 1981; 1983a), w ith  p a rtic u la r  
em phasis  on the la rger size classes o f m arine  species 
found  in these system s. Some stud ies (e.g. M arais, 1983b; 
B ennett, 1994; Ter M orshu izen  etal., 1996b) considered  
th e  effects o f  re d u c e d  r iv e r  in flo w s a n d  flo o d s on 
e s tu a r in e  fish  co m m u n itie s . S ev era l w o rk e rs  h av e  
s tu d ie d  the fish co m m u n ity  s tru c tu re  in  su b m erg ed  
m acrophyte and  salt m arsh  habitats w ith in  estuaries (e.g. 
Beckley, 1983; H anekom  & Baird, 1984; W hitfield  etal., 
1989; Ter M orshu izen  & W hitfield , 1994; P aterson  & 
W hitfield , 1996), p a rticu la rly  the p o ten tia l n u rse ry  role 
th a t these h ab ita ts  perfo rm . The fish com m unities in 
d eg rad ed  or po llu ted  estuaries have been exam ined (e.g. 
B laber etal., 1984; R am m  etal., 1987) an d  the  sources of 
these an th ropogen ic  d istu rbances identified . A  nu m b er 
o f com parative  s tu d ies  have also been u n d e rtak en  in 
vario u s p a rts  o f the co un try  (e.g. Begg, 1984a; Bennett, 
1989; D undas, 1994; W hitfield  etal., 1994; H arrison  & 
W hitfield , 1995; V orw erk  et al., 2001), w ith  p a rticu la r 
e m p h a s is  on  s tru c tu ra l  a n d  fu n c tio n a l d iffe ren ces  
betw een the different fish com m unities and  estuary types.

W hile m uch  research  rela ting  to  estuarine  fishes has 
b een  u n d e r ta k e n  in  S o u th  A frican  e s tu a r ie s , each  
investigation has h ad  its ow n specific focus w ith  regards 
the estuaries investigated  an d  the aim s an d  objectives of 
each s tudy . N o ded ica ted  s tu d ies  have considered  the 
sou thern  A frican region in its entirety. Regional analyses 
o f estuarine fish com m unities in o ther p arts  o f the w o rld  
such  as A ustra lia  (e.g. Pease, 1999), E urope (e.g. E lliott

& D ew ailly, 1995), South and  C entral A m erica (e.g. Viera 
& M usick, 1993; 1994) and  the U nited States (e.g. M onaco 
etal., 1992) have largely relied on lim ited  field collections 
a n d /o r  existing da ta  from  o ther research.

Based on an extensive reg ional sam p lin g  p rog ram , 
sp an n in g  the en tire  S outh  A frican coastline, th is  s tu d y  
aim s to  describe and  com pare the ich thyofauna of South 
A frican  es tu a rie s  a t a reg io n a l scale a n d  to  exp la in  
zoogeograph ic  varia tions in fish com m unities.

MATERIALS & METHODS 

Field methods

The ich thyofauna o f som e 250 coastal ou tle ts betw een  
the O range R iver an d  Kosi Bay w ere  sam p led  over the 
p e rio d  1993 to  1999. U sing in fo rm ation  con ta ined  in 
Begg (1978), H ey d o rn  & Tinley (1980) an d  W hitfield  
(1995), the  coastline w as d iv id ed  into a rb itra ry  sections, 
each conta in ing  app rox im ate ly  40 estuaries (Figure 1). 
This g ro u p in g  w as based  on the n u m b er of system s th a t 
c o u ld  be a d e q u a te ly  s u rv e y e d  w ith in  each  a n n u a l 
sam p lin g  period . The estuaries in  each section o f coast 
w ere  sam p led  d u rin g  the sp r in g /s u m m e r  p e rio d  an d  a 
n ew  section  w as  co v ered  each  y e a r u n til the  en tire  
coastline w as com pleted.

The ichthyofauna of each estuary  w as sam pled  using 
a 30m X 1.7m x  15mm bar m esh  seine n e t fitted  w ith  a 
5m m  bar m esh  p u rse  and , w h ere  possib le, a fleet of gili 
n e ts . E ach g ili n e t h a d  a ra n g e  o f  m esh  s izes  a n d  
com prised  three 45mm, 75m m  and  100mm stre tch  m esh 
m o n o filam en t panels  an d  w as e ith er 10m or 20m in 
leng th  an d  1.7m deep . Seine n e ttin g  w as carried  ou t 
du ring  daylight hours and  w as lim ited to shallow  (< 1.5m 
d e e p ) , u n o b stru c ted  areas w ith  gen tly  slop ing  banks. 
S p ec im en s co llec ted  by  se in e  n e ttin g  w e re , w h e re  
possible, iden tified  in the field, m easu red  to the n earest 
m m  s ta n d a rd  len g th  (SL) a n d  re tu rn e d  alive to  the 
system . A t least 25 specim ens o f the  a b u n d a n t species 
as w ell as those specim ens th a t could  no t be iden tified  
in  the  field w ere  p laced  in labelled  p lastic  bags an d  
p re se rv e d  in 4% fo rm a ld e h y d e  for tra n s p o r t  to  the 
laboratory. Gili netting  w as generally  carried ou t in deep 
(> lm ) open, m id -channel w aters  w ith  the nets  being 
dep lo y ed  in the  even ing  (18h00-19h00) an d  lifted the 
fo llow ing  m o rn in g  (06h00-07h00). In m ost cases, only 
the  larger, deep er system s w ere  sam p led  w ith  gili nets. 
S pecim ens collected  in the  gili ne ts  w ere  iden tified , 
m easured  (mmSL) and  w eighed  (g w et mass). Specimens 
th a t could  no t be iden tified  in  the  field w ere  p laced  in 
labelled plastic bags an d  p reserved  in 4% fo rm aldehyde 
for later processing.
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The sam pling effort undertaken  in each estuary varied 
d ep en d in g  on the size o f the  system , an d  u sua lly  took 
one to  th ree days to com plete. Sam pling w as carried  ou t 
u n til no  n ew  species w ere  collected or un til all h ab ita ts  
w ith in  each estu ary  h a d  been sam pled . A n exam ple of 
the relationship betw een sam pling effort and  the num ber 
o f  taxa  c a p tu re d  in  re p re se n ta tiv e  c losed  an d  o pen  
estuaries (see below) from  each coastal secto r are g iven  
in F igures 2 an d  3.

Laboratory methods

P reserved  specim ens w ere  iden tified  in the labo ra to ry  
by reference to  Skelton (1993) an d  Sm ith  & H eem stra  
(1995). A t least 25 specim ens o f the a b u n d a n t species 
w ere m easured (mm SL) and  w eighed to the nearest O.Olg; 
th e  re m a in in g  sp ec im en s  w e re  c o u n te d  a n d  ba tch  
w eighed. V oucher specim ens w ere also sen t to the South 
A frican Institute for A quatic Biodiversity, G raham stow n 
for verification.

Data analyses

Estuary  typology
The occurrence an d  d iversity  o f fishes in S outh  A frican 
es tu a rie s  e ssen tia lly  v a rie s  acco rd in g  to  tw o  b ro ad  
param eters: la titude  (biogeography) an d  the ind iv idua l 
characteristics o f each estu ary  (estuary  type) (Blaber, 
1985). In o rd e r to  account for the effect o f the  latter, 
rep resen ta tiv e  estuaries w ere  selected  accord ing  to  a 
b road  agreem ent betw een  tw o phy sica l/m o rp h o lo g ica l 
c lassification schem es.

H a rr is o n  et al. (2000) c la ss if ie d  S o u th  A frica  s 
estuaries into six categories based  on the m ain  form s of 
m orpho log ica l variab ility  am ong  these system s along 
the coast. These were:

o pen  no n -b arred  estuaries
predom inan tly  open sm all estuaries (m ean annual 
ru n o ff  <15 x 106m 3)
p red o m in an tly  open  m o d era te  to large estuaries 
(m ean an n u a l ru n o ff  >15 x 106m 3) 
p re d o m in a n tly  closed  sm all e s tuaries (surface
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Figure 1. Map of South Africa showing the division of the coastline into six sampling sectors.
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Figure 2. Relationship between sampling effort (seine and gili netting) and number of species captured in representative 
closed estuaries from each coastal sector.

area <2ha)
p redom inan tly  closed m odera te ly  sized estuaries 
(surface area 2-150ha)
predom inan tly  closed large estuaries (surface area 
>150ha)

W hitfield  (1992; 2000) iden tified  an d  classified South 
A fricas e s tu a r ie s  in to  five b ro a d  ty p e s  b ased  on  a 
com bination o f physiography, hyd rog raphy  and  salinity: 

p e rm an en tly  open  estuaries 
tem porarily  o p e n /c lo se d  estuaries 
estuarine  lakes 
estuarine  bays 
river m ou ths

R epresentative estuaries w ere then  selected according 
to  a b ro a d  a g re e m e n t b e tw e e n  b o th  c la ss if ic a tio n  
schem es. This w as to ensure th a t sim ilar estuarine  types 
w ere  co m p ared  on a reg ional basis.

A ccord ing  to H arrison  et al. (2000), 44 system s (18%) 
w ere  n o t considered  estuaries on the basis o f th e ir very  
sm a ll s ize , r e g u la r  d ry  o r  h y p e rsa lin e  c o n d itio n s , 
ex tensive h u m a n  m od ifica tion  or a lm o st p e rm a n e n t 
isolation from  the sea (Table 1). Eleven system s (4%) w ere 
classified as open  n o n -b arred  estuaries, 34 (14%) w ere  
sm all o p en  es tu a rie s  an d  62 (25%) w ere  large o pen  
system s. T w enty-seven  estuaries (11%) w ere  classified 
as sm all closed system s, 71 (28%) w ere  m odera te ly  sized 
closed estuaries, an d  only  tw o  (1%) w ere  large closed 
system s. From  W hitfield  (2000), 51 (20%) o f the  system s 
w ere  n o t considered  estuaries e ither d u e  to  a loss of 
function  or d u e  to  th e ir  extrem ely  sm all size. Forty-five 
sy stem s (18%) w ere  c lassified  as p e rm a n e n tly  o pen  
es tu a rie s , 134 (53%) w ere  te m p o ra r ily  o p e n /c lo s e d  
estuaries, 12 (5%) w ere  river m ou ths, e igh t (3%) w ere  
estuarine  lakes an d  one w as an  estuarine  bay (Table 1).

A  to ta l o f 109 estuaries w ere  selected  for fu rth e r 
analysis; these w ere d iv ided  into tw o basic types nam ely 
open  estuaries an d  closed estuaries. Forty-tw o system s 
w ere  open  estuaries an d  com prised  rep resen ta tiv es  of 
perm anently  open estuaries of W hitfield (2000) and  large 
op en  es tu a rie s  o f  H a rriso n  et al. (2000). S ix ty-seven  
estuaries w ere  closed system s rep resen ting  tem porarily

o p e n /c lo se d  estuaries o f W hitfield  (2000) an d  m ed iu m  
closed estuaries o f H arriso n  et al. (2000) (Table 1). The 
rem aining system s w ere  excluded from  fu rther analysis.

B iogeographv
B ased  on  th e ir  f ish  c o m m u n itie s , H a rr iso n  (2002) 
identified  three b iogeographic regions for South African 
estuaries. A  cool-tem perate region extends along the w est 
a n d  s o u th w e s t  c o a s ts , a w a rm - te m p e ra te  re g io n  
stre tches along the sou th , so u th east an d  east coasts and  
a su b tro p ica l reg ion  ex tends a long  the  n o rth eas t coast 
(Figure 4).

The selected  open  an d  closed estuaries w ere  d iv ided  
into th ree b iogeographic regions described  by H arrison  
(2002). These included  cool-tem perate estuaries betw een 
the  O range R iver an d  C ape A gulhas, w arm -tem p erate  
es tu a rie s  from  C ape A g u lh as to, a n d  inc lu d in g , the 
M dum bi estuary , an d  su b trop ica l estuaries from  the 
M dum bi estuary  to Kosi Bay (Figures 5 & 6).

Species com position
O nly  taxa th a t w ere  iden tified  to  species level w ere  
considered  for fu rth e r investigation . A ll alien  species 
w ere  also o m itted  from  the analysis w hile  transloca ted  
in d ig en o u s taxa (e.g. Oreochromis mossambicus) w ere  
ad justed  by rem oving  occurrences ou tside  the ir n a tu ra l 
range. A n initial analysis o f the in c lu s io n /ex c lu s io n  of 
th is  g ro u p  revealed  th a t they  con trib u ted  very  little to 
the overall abundance or biom ass of the fish com m unity  
in the estuaries (generally  <0.1%).

The to ta l species com position , bo th  by n u m b er an d  
by m ass, o f the fish com m unity  w ith in  each system  w as 
estab lished . The relative b iom ass con tribu tion  o f each 
species w as calculated using actual recorded m asses and  
m a sse s  d e r iv e d  fro m  le n g th -w e ig h t  re la t io n s h ip s  
p re sen ted  in  H arriso n  (2001).

A lthough  the sam pling  stra tegy  ad o p ted  d u rin g  this 
s tu d y  w as desig n ed  to  cap tu re  all available taxa th a t 
w ere  suscep tib le  to  the  g ear u sed  (Figures 2 & 3), the 
sam p lin g  effort w ith in  each estu ary  v a ried  som ew hat. 
To en su re  th a t th e  fish  co m m u n itie s  o f  the  v a rio u s
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e s tu a r ie s  w e re  c o m p a ra b le ,  a ll  th e  d a ta  w a s  
stan d ard ised  by com puting  the relative (%) a b u n d a n c e / 
b iom ass o f each species w ith in  each estuary .

The average  n u m b er o f taxa (±SD) as w ell as the 
frequency  o f occurrence o f each species w as calcu lated  
for open  an d  closed estuaries w ith in  each biogeographic 
region. In addition , the m ean  (±SD) contribu tion  o f each 
species, both  in te rm s of abundance  an d  biom ass, to  the 
overall fish assem blage o f o pen  an d  closed estuaries 
w ith in  each b iogeographic  region w as determ ined .

A  sim ilarity breakdow n (SIMPER) using the Plym outh 
R outines In M ultivariate Ecological Research (PRIMER) 
w as also p e rfo rm ed  on the  data. In th is  analysis, the 
closed an d  open  estuaries w ere  g ro u p e d  into the th ree 
b io g eo g rap h ic  reg io n s a n d  the  av e rag e  B ray-C urtis  
sim ilarity  coefficient for each g ro u p  calculated  based  on 
p r e s e n c e /a b s e n c e ,  a b u n d a n c e  a n d  b io m a ss . F o r 
abundance  an d  biom ass analyses, the  d a ta  w as first 4th 
roo t transfo rm ed; th is has the effect o f scaling d o w n  the 
im p o rtan ce  o f a b u n d a n t species so th a t th ey  do  no t 
sw a m p  th e  o th e r  d a ta  (F ield  et al., 1982; C lark e  & 
W arw ick, 1994). The con tribu tion  o f each species to  the 
average sim ilarity  w ith in  a g ro u p  o f estuaries (S) w as 
calcu la ted  an d  the m ajor species th a t account for this 
s im ilarity  iden tified  (Clarke, 1993; C larke & W arw ick, 
1994). The m ore ab u n d an t a species (r) is w ith in  a group , 
the m ore it w ill te n d  to  con tribu te  to  the  in tra  g ro u p  
sim ilarity . A  species typifies th a t g ro u p  if it is found  at a 
c o n s is te n t a b u n d a n c e  th ro u g h o u t;  so th e  s ta n d a rd  
deviation  o f its contribu tion  (SD [Si]) is low  an d  the ratio 
o f its average sim ilarity  to  the  s ta n d a rd  d ev ia tion  (S i/  
SD [Si]) h igh  (Clarke, 1993).

The SIMPER analysis w as also u sed  to identify  those 
species tha t account for the differences (or dissimilarities) 
be tw een  the  estuaries from  the vario u s b iogeographic  
regions. In th is analysis, the d issim ilarity  con tribu tion  
of each species (ät) to the average dissim ilarity (ä) betw een 
tw o  g ro u p s  o f estuaries is calculated . If  the  s ta n d a rd  
dev ia tion  o f the con tribu tion  o f a species (SD [äi]) is 
sm all, an d  the ratio  o f its average d issim ilarity  (ät) to the 
s ta n d a rd  d ev ia tion  (ät'/SD [ät]) h igh , th en  th a t species

n o t only  con tribu tes m uch  to the  d issim ilarity  betw een  
tw o  g ro u p s o f estuaries b u t it also does so consisten tly  
(Clarke, 1993; C larke & W arw ick, 1994). C ool-tem perate 
and  w arm -tem perate estuaries, and  w arm -tem perate and  
su b tro p ica l system s w ere  co m p ared  using  the SIMPER 
routine.

RESULTS 

Closed estuaries

Species com position
Eleven species representing eight families w ere recorded 
in closed cool-tem perate estuaries w ith  an  average o f 4.5 
(SD+4.04) taxa being cap tu red  per estuary  (Table 2). Liza 
richardsonii w as the m ost frequen tly  cap tu red  species 
(100%), fo llow ed by M ugil cephalus (75%), Caffrogobius 
nudiceps (50%) and  Heteromycteris capensis (50%). In term s 
o f abundance, L. richardsonii (56.7%), Gilchristella aestuaria 
(19.5%), M . cephalus (18.1%), C. nudiceps (3.0%) an d  
Atherina breviceps (2.2%) w ere  the dom inan t species. Liza 
richardsonii (49.9%), M. cephalus (43.8%) an d  Lichia amia 
(5.4%) d o m in a ted  the overall species m ass com position  
(Table 2).

C lo se d  c o o l- te m p e ra te  e s tu a r ie s  h a d  a v e ra g e  
sim ilarities rang ing  betw een  38.3% an d  54.2% (Table 3). 
Four species accoun ted  for over 90% o f the  sim ilarity  
w ith in  th is g roup , nam ely  C. nudiceps, H. capensis, L. 
richardsonii an d  M . cephalus.

In  the  w a rm -tem p era te  region, 43 species an d  20 
fam ilies  w e re  re p re se n te d  w ith  an  av e rag e  o f  15.5 
(SD+4.85) species being cap tu red  p e r estuary  (Table 4). 
The m ost frequen tly  recorded  taxa inc luded  G. aestuaria 
an d  L. richardsonii (100%), Rhabdosargus holubi (98%), 
Monodactylus falciformis (93%), M . cephalus an d  M yxus  
capensis (90%), A. breviceps and  Glossogobius callidus (88%), 
Liza dumerili (83%), Lithognathus lithognathus an d  Liza 
tricuspidens (76%), Psammogobius knysnaensis (71 %), and  
O. mossambicus an d  Pomadasys commersonnii (61%) (Table
5). In term s of abundance, G. aestuaria (35.8%), A. breviceps 
(18.3%), R. holubi (17.6%), L. richardsonii (6.7%), M.
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capensis (5.6%), G. callidus (3.2%), L. lithognathus (2.9%), 
L. dumerili(2.6%), M. cephalus (1.8%), L. tricuspidens(1.1%) 
an d  P. knysnaensis (1.1%) w ere  the d o m in an t taxa. The 
biom ass com position  w as d o m in a ted  by L. richardsonii 
(28.4% ), M . cephalus (11.5% ), R. holubi (10.3% ), L. 
tricuspidens (7.1%), O. mossambicus (6.6%), Argyrosomus 

japonicus  (6.5%), M . capensis (5.8%), P. commersonnii 
(4.5%), L. dumerili (4.4%), L. lithognathus (3.7%), L. amia 
(3.3%), Elops machnata (1.7%) an d  G. aestuaria (1.6%) 
(Table 4).

A v e ra g e  s im ila r itie s  in  c lo sed  w a rm -te m p e ra te  
estuaries v a ried  betw een  60.6% an d  69.1% (Table 5). 
Fourteen species accounted for over 90% of the sim ilarity 
w ith in  th is  g ro u p  an d  these in c lu d ed  A. breviceps, G. 
aestuaria, G. callidus, L. lithognathus, L. dumerili, L. 
richardsonii, L. tricuspidens, M . falciformis, M . capensis, O. 
mossambicus, P. commersonnii, P. knysnaensis and  R. holubi 
(Table 5).

F o rty -n ine  species re p re se n tin g  22 fam ilies w ere  
rep o rted  in closed su b trop ica l estuaries; an  average of 
15.9 (SD+5.19) species w as cap tu red  p e r e s tu ary  (Table
6). Frequently  recorded  taxa included  M . capensis an d  O. 
m ossam bicus  (100% ), M . cephalus (91%), Valam ugil 
cunnesius (86%), G. callidus and  R. holubi (82%), L. dumerili

and  M. falciformis (77%), G. aestuaria (73%), f iza macrolepis 
and  P. commersonnii (68%), Liza alata (64%), Terapon jarbua 
an d  Valamugil robustus (55%), an d  Ambassis ambassis 
(50%) (Table 6). In te rm s o f ab u n d an ce , G. aestuaria 
(25.8%) w as the d o m inan t species overall follow ed by O. 
mossambicus (18.7%), M . capensis (14.1%), M . cephalus 
(7.8%), R. holubi (6.7%), V. cunnesius (5.2%), L. dumerili 
(3.7% ), G. callidus (3.3% ), M . falciform is  (2.6% ), L. 
macrolepis (2.2%), V. robustus (2.0%) and  A. ambassis (1.9%). 
The overall species m ass com position  w as d o m in a ted  
by Clariasgariepinus (18.1%), O. mossambicus (17.7%), M  
cephalus (15.2%), M . capensis (14.0%), L. alata (6.6%), L. 
macrolepis (5.1%), V. cunnesius (3.9%), P. commersonnii 
(3.1%), L. dumerili (2.9%), V. robustus (2.8%), R. holubi 
(2.6%), A. japonicus (2.2%), G. aestuaria (1.4%) an d  A. 
ambassis (1.0%) (Table 6).

C losed subtropical estuaries had  average sim ilarities 
o f betw een  52.3% an d  58.7% (Table 7). Fifteen species 
accoun ted  for over 90% o f the  s im ila rity  w ith in  th is 
g roup . These taxa inc luded  C. gariepinus, G. aestuaria, G. 
callidus, L. alata, L. dumerili, L. macrolepis, M . falciformis, 
M . cephalus, M . capensis, O. mossambicus, P. commersonnii, 
R. holubi, T. jarbua, V. cunnesius an d  V. robustus (Table 7).
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Figure 4. Map of South Africa indicating the three biogeographic provinces, based on estuarine fish communities.
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In ter-reg ional com parisons
In te rm s o f th e ir  d issim ilarities, the  SIM PER analysis 
revealed  th a t closed cool- an d  w arm -tem p erate  system s 
h ad  average dissim ilarities o f betw een  68.3% an d  75.3% 
(Table 8). Taxa th a t acco u n ted  for over 50% o f th is 
dissim ilarity included A. breviceps, G. aestuaria, G. callidus, 
L. lithognathus, L. dumerili, L. tricuspidens, M . falciformis, 
M . cephalus, M . capensis, O. mossambicus an d  R. holubi.

C losed w arm -tem p era te  an d  su b trop ica l estuaries 
h ad  average dissim ilarities o f betw een  54.7% an d  62.4% 
(Table 9). Taxa th a t  a cco u n ted  for o v e r 50% o f the  
d is s im ila r ity  in c lu d e d  A. ambassis, A . japonicus, A . 
breviceps, C. gariepinus, G. aestuaria, G. callidus, L. 
lithogna thus, L. alata, L. dum erili, L. macrolepis, L. 
richardsonii, L. tricuspidens, M . cephalus, O. mossambicus, 
P. commersonnii, P. knysnaensis, R. holubi, T. jarbua, V. 
cunnesius and  V. robustus.

Open estuaries

Species com position
Tw elve species, rep resen ting  10 fam ilies w ere  recorded  
in open  cool-tem perate  estuaries w ith  an  average of 6.8 
(SD+3.2) species cap tu red  p e r  e stu ary  (Table 10). Liza 
richardsonii an d  P. knysnaensisw ere  the  m ost frequen tly  
reported  taxa (100%), follow ed by A. breviceps, Galeichthys 
feliceps and  M . cephalus (75%) and, G. aestuaria, Pomatomus 
saltatrix an d  Syngnathus temminckii (50%). N um erica lly  
d o m in an t species in c lu d ed  L. richardsonii (85.7%), A. 
breviceps (11.5% ) a n d  G. aestuaria  (1.2%) w ith  L. 
richardsonii (76.1%), A. breviceps (10.1%), Argyrosomus sp. 
(3.9%), P. saltatrix (3.8%), M . cephalus (1.9%), G. feliceps 
(1.8%) an d  Haploblepharus pictus  (1.3%) d o m in a tin g  the 
overall biom ass (Table 10).

O pen  es tu a rie s  in  the  coo l-tem perate  reg ion  h a d  
average sim ilarity  va lues o f betw een  55.8% an d  59.9% 
(Table 11). Species th a t accoun ted  for over 90% o f the 
overa ll s im ila rity  w ith in  these  sy stem s in c lu d e d  A. 
breviceps, G. feliceps, L. richardsonii, M . cephalus an d  P. 
knysnaensis.

S eventy-three species rep resen tin g  35 fam ilies w ere  
c ap tu red  in  o pen  w arm -tem p era te  estuaries w ith  an 
average of 25.3 (SD+6.18) species being cap tu red  p er 
system  (Table 12 ). Argyrosomus japonicus, L. dumerili and  
L. tricuspidens w ere  the m ost frequently  repo rted  species 
(100%), follow ed by Caffrogobius gilchristi, L. richardsonii, 
P. knysnaensis an d  R. holubi (96%), G. aestuaria an d  M . 
cephalus (93%), P. commersonnii (89%), A. breviceps, M . 
falciformis an d  S. bleekeri (86%), L. lithognathus (79%), E. 
machnata (71%), G. feliceps, G. callidus, H. capensis, L. amia 
and  M . capensis (64%), Diplodus capensis (57%), C. nudiceps 
(54%) an d  L. macrolepis (50%) (Table 12). In  te rm s of 
ab undance , G. aestuaria (30.4%), R. holubi (15.1%), L. 
richardsonii (12.0%), L. dumerili (7.8%), M . cephalus (6.4%), 
A. breviceps (4.7%), C. gilchristi (3.1%), P. commersonnii 
(3.0%), G. callidus (2.9%), P. knysnaensis (1.7%), M. capensis 
(1.5%), S. bleekeri (1.4%), D. capensis (1.3%), A. japonicus 
(1.2%) an d  L. tricuspidens (1.1%) w ere the dom inan t taxa. 
The overall biom ass com position  w as d o m in a ted  by L. 
richardsonii (15.5%), E. machnata (14.1%), A. japonicus

(12.7%), P. commersonnii (8.9%), M . cephalus (8.9%), G. 
feliceps (8.7%), L. tricuspidens (7.2%), L. dumerili (4.9%), L. 
amia (4.6%), R. holubi (3.2%), Valamugil buchanani (2.9%), 
L. lithognathus (1.8%) an d  G. aestuaria (1.1%) (Table 12).

O p e n  w a r m - te m p e r a te  e s tu a r ie s  h a d  o v e ra l l  
sim ilarities ranging betw een 57.9% and  63.0% (Table 13). 
T w en ty -o n e  spec ies acco u n ted  fo r o v er 90% o f the 
s im ila rity  w ith in  th is g roup . These taxa in c lu d ed  A. 
japon icus, A . breviceps, C. g ilchristi, D. capensis, E. 
machnata, G. feliceps, G. aestuaria, G. callidus, H. capensis, L. 
amia, L. lithognathus, L. dum erili, L. richardsonii, L. 
tricuspidens, M . falciformis, M . cephalus, M . capensis, P. 
commersonnii, P. knysnaensis, R. holubi and  S. bleekeri (Table 
13).

In open  subtropical estuaries, 76 species represen ting  
31 fam ilies w e re  c a p tu re d  w ith  an  av e rag e  o f 35.8 
(SD+9.96) species being cap tu red  p er estuary  (Table 14). 
T he m o s t f re q u e n tly  re c o rd e d  sp ec ies  in c lu d e d  A. 
japonicus, E. machnata, G. callidus, L. alata, L. dumerili, L. 
macrolepis, M . cephalus, P. commersonnii, R. holubi, T. jarbua 
and  V. cunnesius (100%), followed by Acanthopagrus vagus, 
Caranx sexfasciatus, Hilsa kelee, Leiognathus equula an d  M. 
capensis (90%), Ambassis natalensis, Caranx ignobilis, G. 
aestuaria, Oligolepis acutipennis an d  Oligolepis keiensis 
(80%), L. tricuspidens, Scomberoides lysan, S. bleekeri, V. 
buchanani a n d  V. robustus  (70%), A m blyrhyncho tes  
honckenii (60%), an d  Ambassis dussumieri, C. gilchristi, 
L u tja n u s  argentim acula tus, Thryssa v itr iro str is  a n d  
Valam ugil seheli (50%). The m o st a b u n d a n t sp ec ies  
overall w ere  G. aestuaria (15.7%), L. dumerili (14.7%), A. 
dussumieri (6.9%), R. holubi (6.9%), V. cunnesius (6.8%), L. 
macrolepis (6.0%), G. callidus (4.2%), M. cephalus (3.4%), 
P. commersonnii (3.3%), L. equula (3.2%), A. natalensis 
(2.2%), C. sexfasciatus (1.8%), C. ignobilis (1.6%), S. lysan 
(1.6%), C. gilchristi (1.5%), T. jarbua  (1.5%), S. bleekeri 
(1.3%), M . capensis(1.1%), V. buchanani(1.1%), A. honckenii 
(1.0%), V. robustus (1.0%) and  H. kelee (1.0%). The biom ass 
com position  w as d o m in a ted  by Liza alata (14.9%), E. 
machnata (10.3%), M . cephalus (10.2%), A. japonicus (9.0%), 
V. buchanani (8.7%), H. kelee (4.7%), L. dumerili (4.6%), P. 
commersonnii (4.2%), L. macrolepis (3.9%), M . capensis 
(3.6%), C. sexfasciatus (3.6%), V. cunnesius (3.5%), Megalops 
cyprinoides (3.1%), L. argentimaculatus (2.3%), C.gariepinus 
(2.2%), A. vagus (1.2%), T. vitrirostris (1.1%), L. amia (1.0%), 
L. tricuspidens (1.0%) an d  R. holubi (1.0%) (Table 14).

The average sim ilarities in open  su b tro p ica l reg ion  
estuaries ran g ed  betw een  58.2% an d  61.9% (Table 15). 
T hirty  species accoun ted  for over 90% o f the  sim ilarity  
w ith in  this g roup  and  these w ere represented  by A. vagus, 
A . natalensis, A . honckenii, A . japonicus, C. ignobilis, C. 
sexfasciatus, E. machnata, G. aestuaria, G. callidus, H. kelee, 
L. equula, L. alata, L. dumerili, L. macrolepis, L. tricuspidens, 
L. argentimaculatus, M . cephalus, M . capensis, O. acutipennis, 
O. keiensis, P. commersonnii, R. holubi, S. lysan, S. bleekeri, 
T. jarbua, T. vitrirostris, V. buchanani, V. cunnesius, V. 
robustus an d  V. seheli (Table 15).

In ter reg ional com parisons
O pen cool-tem perate and  w arm -tem perate  estuaries had  
average  d iss im ila rities  o f be tw een  68.6% an d  73.6%
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(Table 16). Argyrosomusjaponicus, A. breviceps, C. gilchristi, 
E. machnata, G. feliceps, G. aestuaria, G. callidus, H. capensis, 
L. amia, L. lithognathus, L. dumerili, L. macrolepis, L. 
richardsonii, L. tricuspidens, M . falciformis, M . cephalus, M . 
capensis, P. commersonnii, R. holubi an d  S. bleekeri w ere  
am ong  the species th a t accoun ted  for over 50% o f the 
d issim ilarity .

A verage  d issim ila rities  b e tw een  w arm -tem p era te  
su b trop ica l system s ran g ed  betw een  61.5% an d  64.3% 
(Table 17). Species a cco u n tin g  for over 50% o f th is 
d issim ilarity  included  A. vagus, A. natalensis, A. breviceps, 
C. gilchristi, C. sexfasciatus, D. capensis, E. machnata, G. 
feliceps, G. aestuaria, G. callidus, H. capensis, H. kelee, L. 
equula, L. amia, L. lithognathus, L. alata, L. macrolepis, L. 
richardsonii, L. tricuspidens, M . falciformis, M . cephalus, M. 
capensis, O. acutipennis, O. keiensis, P. commersonnii, P. 
knysnaensis, R. holubi, S. lysan, T. jarbua, V. buchanani, V. 
cunnesius, V. robustus an d  V. seheli.

DISCUSSION 

Closed estuaries

Cool-tem perate estuaries
M ugilids, L. richardsonii an d  M . cephalus, w ere  the m ost 
frequen tly  reco rd ed  species in closed cool-tem perate  
estuaries an d  w ere  also am ong  the d o m in an t taxa both  
in te rm s abundance  an d  biom ass. O ther im p o rtan t taxa 
included  A. breviceps, C. nudiceps, G. aestuaria and  L. amia, 
w ith  H. capensis also occasionally  reco rded  (Table 2).

S im ilar fish com m unities have  also been rep o rted  
from  closed cool-tem perate estuaries. In the Diep estuary, 
for exam ple, L. richardsonii w as fo u n d  to  be the m ost 
com m on species w ith  M. cephalus also p resen t in low er 
num bers; o ther frequen tly  rep o rted  species inc luded  A. 
breviceps, C. nudiceps, G. aestuaria, H. capensis, L. 
lithognathus, P. knysnaensis an d  R. globiceps (M illard & 
Scott, 1954; G rindley  & D udley, 1988). T im ited sam pling  
in the W ildevoël estuary  revealed the presence o f both L. 
richardsonii an d  M . cephalus (H einecken, 1985). N otable 
sp e c ie s  re p o r te d  in  th e  S an d  e s tu a ry  in c lu d e d  A. 
breviceps, C. nudiceps, G. aestuaria, L. amia, L. lithognathus, 
L. richardsonii, M . cephalus, P. saltatrix, P. knysnaensis and  
R. globiceps (M orant & G rindley , 1982; C lark  etal., 1994; 
Q uick & H ard in g , 1994).

W arm -tem perate estuaries
Im p o rta n t taxa in te rm s o f frequency  o f occurrence, 
num erica l co n tribu tion  an d  biom ass in closed w arm - 
tem perate  estuaries inc luded  G. aestuaria, L. lithognathus, 
L. dumerili, L. richardsonii, L. tricuspidens, M . cephalus, M . 
capensis an d  R. holubi. F requen tly  cap tu red  species th a t 
w ere  also num erica lly  im p o rtan t w ere  A. breviceps, G. 
callidus an d  P. knysnaensis w h ile  O. mossambicus an d  P. 
com m ersonnii w e re  im p o r ta n t in  te rm s  o f  b iom ass. 
Argyrosomus japonicus, E. machnata an d  L. amia, w ere  
am ong the im p o rtan t taxa in te rm s of biom ass, bu t w ere 
no t regu larly  recorded . A lth o u g h  it d id  n o t con tribu te  
sign ifican tly  to w ard  the overall ab u n d an ce  or b iom ass 
in closed w arm -tem p era te  estuaries, M . falciformis w as

frequen tly  cap tu red  in these system s (Table 4).
S tudies in closed w arm -tem perate  estuaries have also 

repo rted  com parable fish assem blages. Bickerton (1982), 
for exam ple, found  th a t L. dumerili, L. richardsonii and  M. 
falciformiswere am ong the m ost ab u n d an t species in the 
H arten b o s  system . Im p o rta n t species in  the  Seekoei 
estuary, in term s o f abundance a n d /o r  biomass, included 
A. breviceps, G. feliceps, G. aestuaria, L. amia, L. lithognathus, 
L. dumerili, L. richardsonii, M . falciformis, M . cephalus and  
R. holub, w h ile  in the K abeljous e stu ary  A. japonicus, A. 
breviceps, G. aestuaria, L. amia, L. lith o g na thus, L. 
richardsonii, L. tricuspidens, M . falciformis, M . cephalus, O. 
mossambicus, P. commersonnii, Pomadasys olivaceum an d  
R. holubi d o m in a te d  th e  ca tch  c o m p o s itio n  e ith e r  
num erica lly  a n d /o r  in  te rm s o f b iom ass (B ickerton & 
P ierce, 1988; D u n d a s , 1994). The d o m in a n t spec ies 
c a p tu re d  in  th e  V an  S ta d e n s  e s tu a ry  in c lu d e d  A. 
breviceps, L. amia, L. lith o g n a th u s , L. dum erili, L. 
richardsonii, M . falciformis, M . cephalus, M yliobatis aquila, 
P. commersonnii an d  R. holubi (D undas, 1994). From  
C ow ley & W hitfie ld  (2001) the num erica lly  d o m in an t 
fishes in  th e  O o s-K le in em o n d  e s tu a ry  in c lu d e d  A. 
breviceps, G. aestuaria, G. callidus, L. lithognathus, L. 
dumerili, L. richardsonii, M . falciformis, M . cephalus, M . 
capensis an d  R. holubi. S im ilarly, V orw erk  et al. (2001) 
found  tha t A. breviceps, G. aestuaria, G. callidus, L. dumerili, 
L. richardsonii, M . falciformis, M . capensis, O. mossambicus 
an d  R. holubi w ere  genera lly  the m ost a b u n d a n t fishes 
in  the O os-K leinem ond, M pekw eni, M tati, M gw alana, 
Bira an d  G qu tyw a estuaries. Taxa such  as E. machnata, 
L. lithognathus, M. cephalus, P. commersonnii and  P. saltatrix 
w ere  also am ong  the d o m in an t species in som e o f these 
system s.

Subtropical estuaries
Taxa th a t  w e re  fre q u e n tly  c a p tu re d  a n d  w ere  also  
im p o rtan t in te rm s o f abundance  an d  biom ass in closed 
su b tro p ica l estuaries in c lu d ed  A. ambassis, G. aestuaria, 
L. dumerili, L. macrolepis, M . cephalus, M . capensis, O. 
mossambicus, R. holubi, V. cunnesius an d  V. robustus. 
S pecies su ch  as G. callidus a n d  M . falciformis w e re  
regularly  recorded  an d  w ere also num erically  im portan t 
w h ile  L. alata an d  P. commersonnii w e re  am o n g  the 
d o m in a n t species in  te rm s o f b iom ass. Argyrosom us 
japonicus an d  C. gariepinus w ere  se ldom  cap tu red  bu t 
w ere  im p o rtan t in term s o f biom ass. A lthough  it d id  no t 
com prise  an  im p o rtan t com ponen t, e ither num erica lly  
or by m ass, T. jarbua  w as frequen tly  rep o rted  in  these 
system s (Table 6).

A  n u m b er o f s tu d ies  have p ro v id e d  in fo rm ation  on 
the  fish com m unities o f closed su b trop ica l estuaries. 
R am m  et al. (1987) fo u n d  th a t the m ost a b u n d a n t fishes 
reco rded  in the  Sezela e s tu ary  in c lu d ed  A. ambassis, O. 
mossambicus, V. cunnesius, M . capensis, M . falciformis and  
G. aestuaria. Im p o rtan t species, e ither num erically  a n d /  
o r in te rm s o f biom ass in the  M hlanga estuary  inc luded  
A. ambassis, A. japonicus, G. aestuaria, G. callidus, L. amia, L. 
alata, L. dumerili, L. macrolepis, M . cephalus, M . capensis, O. 
mossambicus, P. commersonnii, R. holubi, T. jarbua  an d  V. 
cunnesius (W hitfield, 1980a; 1980b; 1980c; H arriso n  &
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W hitfield, 1995). Ambassis ambassis, L. alata, L. macrolepis, 
M . cephalus, M . capensis, O. mossambicus an d  V. cunnesius 
w ere also am ong the m ost frequently  reported  species in 
the  M dlo ti e s tu a ry  (Blaber et al., 1984). Begg (1984a; 
1984b) u sed  a beam  traw l to  sam ple  fishes in no rm ally  
clo sed  K w aZ u lu -N a ta l sy stem s a n d  fo u n d  th a t the  
dom inan t species w ere G. aestuaria, Glossogobius spp. and  
O. mossambicus.

Open estuaries

C ool-tem perate estuaries
In o pen  cool-tem perate  estuaries, A. breviceps an d  L. 
richardsonii w ere im portan t species in term s of frequency 
o f  occurrence , n u m erica l co n trib u tio n  an d  b iom ass. 
Gilchristella aestuaria w as also frequen tly  reco rded  an d  
w as a key species in term s of abundance w hile G. feliceps, 
M . cephalus an d  P. saltatrix w ere  im p o rtan t in te rm s of 
b io m ass . A rgyrosom us  sp . a n d  H. p ic tu s  w e re  a lso  
im p o rtan t in  te rm s o f b iom ass, b u t w ere  uncom m on. 
Argyrosomus sp. w as only recorded in the Olifants estuary 
an d  H. pictus in the  Berg estuary . A lth o u g h  n o t w ell 
rep resen ted  either num erically  or in term s o f biom ass, P. 
knysnaensis and  S. temminckii w ere  recorded  in a num ber 
o f estuaries (Table 10).

D ay (1981) fo u n d  th a t the m ost com m on species in 
the O lifants estuary  w ere  A. breviceps, G. aestuaria an d  L. 
richardsonii w ith  a few  L. lithognathus also repo rted . In 
the Berg estuary , A. breviceps, C. nudiceps, G. aestuaria, L. 
richardsonii an d  P. knysnaensis w ere  found  to  be am ong  
the m ost im p o rtan t species (Day, 1981; Bennett, 1994). 
S urveys o f the  Palm iet e s tu a ry  also revealed  th a t A. 
breviceps, L. lithognathus, L. richardsonii and  P. knysnaensis 
w ere the dom inant taxa, both in term s of abundance a n d /  
o r biom ass (Branch & Day, 1984; Bennett, 1989). L im ited 
sam p lin g  in the U ilkraals estuary  reco rded  taxa such  as
C. nudiceps, L. lithognathus, M ugilidae an d  P. knysnaensis 
in the system  (H eydorn  & Bickerton, 1982).

W arm -tem perate estuaries
In  o p en  w a rm -te m p e ra te  e s tu a rie s , A. japonicus, G. 
aestuaria, L. dumerili, L. richardsonii, L. tricuspidens, M. 
cephalus, P. commersonnii and  R. holubiwere all frequently 
rep o rted  taxa an d  also im p o rtan t in te rm s o f abundance 
an d  biom ass. Frequently  cap tu red  species tha t w ere also 
ab u n d an t, inc luded  A. breviceps, C. gilchristi, D. capensis,
G. callidus, M. capensis, P. knysnaensis and  S. bleekeri, w hile 
E. machnata, G. feliceps, L. amia an d  L. lithognathus m ade 
m ajor con tribu tions to  the  overall biom ass. Valamugil 
buchanani w a s  n o t fre q u e n tly  re c o rd e d , b u t it w as  
im p o rtan t in  te rm s o f biom ass. A lth o u g h  th ey  d id  no t 
co n tr ib u te  to  th e  o v era ll a b u n d a n c e  or b iom ass, C. 
nudiceps, H. capensis, L. macrolepis an d  M . falciformis w ere  
frequently  cap tu red  (Table 12).

O n an  in d iv id u a l e s tu ary  basis, the  d o m in an t fish 
com m unities reported  in open w arm -tem perate estuaries 
w ere  so m ew h at sim ilar to  those reco rded  d u rin g  th is 
s tudy . N um erica lly  im p o rtan t species rep o rted  in  the 
Breë estuary  inc luded  A. japonicus, G. feliceps, L. amia, L. 
lithognathus, L. richardsonii, M . falciformis, M . cephalus and

P. commersonnii (Ratte, 1982; C oetzee & Pool, 1991).
In  th e  K ro m m e e s tu a ry  d o m in a n t tax a , e ith e r  

num erica lly  a n d /o r  in te rm s o f b iom ass, in c lu d ed  A. 
japonicus, A. breviceps, C. gilchristi, G. feliceps, G. aestuaria,
G. callidus, L. amia, L. dum erili, L. richardsonii, L. 
tricuspidens, M . falciformis, P. commersonnii, P. knysnaensis 
an d  R. holubi (M arais, 1983a; H anekom  & Baird, 1984; 
B ickerton & Pierce, 1988).

The d o m inan t taxa recorded  in the  G am toos estuary, 
b o th  n u m erica lly  a n d  in  te rm s o f  b iom ass, w ere  A. 
japonicus, G. feliceps, L. amia an d  M ugilidae (L. dumerili, 
L. richardsonii, L. tricuspidens, M . cephalus and  M . capensis) 
(M arais, 1983b).

The m ost ab u n d an t fishes repo rted  in the  Sw artkops 
e stu ary  in c lu d ed  A. japonicus, A . breviceps, C. gilchristi,
D. capensis, E. machnata, Engraulis japonicus, G. feliceps, G. 
aestuaria, L. amia, L. lithognathus, L. dumerili, L. richardsonii, 
L. tricuspidens, M. cephalus, P. commersonnii, P. saltatrix, P. 
knysnaensis an d  R. holubi (M arais & Baird, 1980; Beckley, 
1983; B aird etal., 1988).

Im portan t species, either num erically a n d /o r  in term s 
o f biom ass, in the Sundays estuary  included  A. japonicus, 
C. gilchristi, G. feliceps, G. aestuaria, H. capensis, L. dumerili, 
L. richardsonii, M . fa lciform is, M . cephalus a n d  P. 
commersonnii P. knysnaensis, R. holubi an d  S. bleekeri 
(M arais, 1981; Beckley, 1984).

N um erica lly  d o m in an t taxa in  the  K ariega estuary  
in c lu d ed  A. breviceps, C. superciliosus, G. aestuaria, G. 
callidus, D. capensis, L. dumerili, M . falciformis, M . cephalus 
a n d  R. holubi (Ter M o rsh u iz e n  & W h itf ie ld , 1994; 
P aterson  & W hitfield , 1996).

In  the  K ow ie es tu a ry  the  m ost a b u n d a n t species 
rep o rted  w ere  A. breviceps, A . japonicus, D. capensis, G. 
feliceps, G. aestuaria, L. amia, L. dumerili, L. richardsonii, L. 
tricuspidens, M . cephalus, M . capensis, P. commersonnii, P. 
olivaceum an d  R. holubi (W hitfield  etal., 1994).

From  vario u s s tu d ies  in the  G reat Fish estu ary  A. 
dussumieri, A. japonicus, C. nudiceps, G. feliceps, G. aestuaria,
H. capensis, L. lithognathus, L. dumerili, L. richardsonii, L. 
tricuspidens, M . cephalus, M . capensis, P. commersonnii, P. 
olivaceum, P. knysnaensis, R. holubi, an d  S. bleekeri w ere  
fo u n d  to  be am ong  the m ost a b u n d a n t species rep o rted  
(W hitfield etal., 1994; Ter M orshuizen etal., 1996a; 1996b; 
V orw erk  etal., 2001).

N um erica lly  im p o rtan t species in the  K eiskam m a 
estu ary  w ere  A. breviceps, A . japonicus, C. gilchristi, C. 
nudiceps, G. feliceps, G. aestuaria, L. dumerili, L. richardsonii, 
L. tricuspidens, M . cephalus, M . capensis, P. commersonnii, 
an d  R. holubi (V orw erk et a i, 2001).

D o m in an t species, b o th  in  te rm s o f  n u m b e r an d  
biom ass, from  gili nets in the G reat Kei estuary  included  
A. japonicus, L. richardsonii, L. tricuspidens, M . cephalus, M. 
capensis an d  P. commersonnii (P lum stead  etal., 1985).

F ishes cap tu red  by gili nets in the M bashe estuary  
w ere  d o m in a ted  by A. japonicus, E. machnata, L. amia, L. 
tricuspidens, M . cephalus, M . capensis, P. commersonnii and  
V. buchanani (P lum stead  etal., 1989a). Species such  as L. 
dumerili, L. richardsonii, R. holubi an d  V. robustus w ere  
also fairly com m on.

The d o m in an t gili ne tted  taxa, both  num erica lly  and
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in te rm s o f biom ass, rep o rted  in the M tata estuary  w ere 
A. japonicus, C. leucas, E. machnata, J. dorsalis, L. equula, L. 
amia, L. alata, M . cephalus, P. commersonnii, P. kaakan, T. 
vitrirostris an d  V. buchanani (P lum stead  etal., 1989b).

Subtropical estuaries
Im p o rtan t taxa in open  sub trop ica l estuaries in te rm s of 
fre q u e n c y  o f o ccu rren ce , a b u n d a n c e  a n d  b io m ass, 
included  C. sexfasciatus, H. kelee, L. dumerili, L. macrolepis, 
M . cephalus, M . capensis, P. commersonnii, R. holubi, V. 
buchanani an d  V. cunnesius. F requently  rep o rted  species 
th a t w ere  also  a b u n d a n t in c lu d e d  A. dussumieri, A . 
natalensis, A . honckenii, C. gilchristi, C. ignobilis, G. 
aestuaria, G. callidus, L. equula, S. lysan, S. bleekeri, T. jarbua 
an d  V. robustus. Species such  as A. vagus, A . japonicus, E. 
machnata, L. alata, L. tricuspidens, L. argentimaculatus and  
T. vitrirostris w ere  also reg u la rly  rep o rted  an d  w ere  
im p o rtan t in  te rm s o f biom ass. A lth o u g h  th ey  d id  no t 
con tribu te  g rea tly  to  the overall ab u n d an ce  or biom ass,
O. acutipennis, O. keiensis an d  V. seheli w ere  frequen tly  
repo rted  in these estuaries. Clarias gariepinus, L. amia and  
M . cyprinoides w ere  in frequen tly  recorded  bu t d id  m ake 
im p o rtan t con tribu tions to  the overall b iom ass in these 
system s (Table 14).

S pec ies th a t  w e re  c o m m o n  to  a b u n d a n t  in  th e  
M ngazana estuary  inc luded  A. natalensis, A. breviceps, C. 
gilchristi, C. nudiceps, Eleotris fusca, G. aestuaria, G. callidus, 
L. dumerili, L. macrolepis, M . argenteus, M . cephalus, O. 
acutipennis, P. knysnaensis, R. holubi, S. salpa and  T. jarbua 
(Branch & G rindley , 1979).

In the M ntafu fu  estuary , A. japonicus, Caranx spp., 
Chanos chanos, E. machnata, H. kelee, L. equula, L. amia, L. 
alata, L. macrolepis, L. tricuspidens, M . falciformis, M . 
cephalus, M . capensis, P. commersonnii, P. saltatrix, R. sarba, 
Sphyraena acutipinnis, T. vitrirostris, V. buchanani an d  V. 
cunnesius  w e re  th e  d o m in a n t g ili n e t te d  tax a  b o th  
num erica lly  a n d /o r  in te rm s o f b iom ass (P lum stead  et 
al„ 1991).

The m ain  species cap tu red  by gili ne t in the  M zam ba 
e stu ary  in c lu d ed  A. japonicus, Caranx spp ., C. chanos, H. 
kelee, L. equula, L. amia, L. alata, L. macrolepis, M . cephalus, 
M . capensis, P. saltatrix, Scomberoides tol, T. vitrirostris and  
V. buchanani (P lum stead  etal., 1991).

Im p o rta n t taxa in  the  M atig u lu  sy stem  in c lu d ed  
A m b ass id ae , A. japonicus, E. machnata, L. equula, L. 
macrolepis an d  Pomadasys spp . (H em ens etal., 1986).

C om m on to a b u n d a n t fishes rep o rted  in  the M lalazi 
estuary  by H ill (1966) com prised  A m bassidae, Arothron  
immaculatus, L. dumerili, M . cephalus, Periopthalmus sp., 
R. holubi, T. jarbua an d  V. seheli.

A ccord ing  to  Begg (1984a; 1984b), open  estuaries on 
the sub trop ica l K w aZ ulu-N ata l coast are do m in a ted  by 
a w id e  v arie ty  o f m arine  teleosts inc lud ing  A. vagus, A. 
japon icus, Pom adasys  s p p .,  Rhabdosargus  sp p . a n d  
M ugilidae.

Inter regional comparisons

T his s tu d y  re v e a le d  th a t  s u b tro p ic a l  sy s te m s  a re  
ch arac terised  by fish  assem blages o f p re d o m in a n tly

tro p ic a l o rig in . T ro p ica l sp ec ie s  th a t  w e re  la rg e ly  
restricted to subtropical estuaries (e.g. A. vagus, Ambassis 
spp ., C. sexfasciatus, C. gariepinus, H. kelee, L. equula, L. 
alata, L. macrolepis, Oligolepis spp ., S. lysan, T. jarbua, V. 
cunnesius, V. robustus, V. seheli) also accoun ted  for som e 
o f th e  d is s im ila r ity  b e tw e e n  w a rm -te m p e ra te  a n d  
su b tro p ica l estuaries (Tables 9 & 17).

T he d isp e rsa l o f tro p ica l Indo-P acific  fishes in to  
so u th e rn  A frican  w a te rs  is fac ilita ted  by the  w arm  
A g u lh as  C u rre n t o ff th e  east coast o f  S o u th  A frica 
(W allace & v an  d e r Eist, 1975; D ay etal., 1981). A s the 
A gulhas C urren t flows south, how ever, it m oves offshore 
an d  consequently  inshore sea tem pera tu res decline; this 
lim its  th e  d isp e rsa l o f  tro p ic a l sp ec ies  in to  w arm - 
tem p era te  estuaries (W allace & v an  d er Eist, 1975; Day 
e ta l., 1981; W hitfield , 1998). M aree e ta l. (2000) have 
s u g g e s te d  th a t  s u m m e r  u p w e ll in g  e v e n ts  o n  th e  
so u th eas t coast also acts as a barrie r to  the so u th w ard  
d istribu tion  o f tropical species, particu larly  in the A lgoa 
Bay region. A n up w ellin g  cell th a t ex tends from  Port 
A lfred n o rth w ard  to the M bashe estuary  an d  even as far 
as P ort St Johns (L utjeharm s etal., 2000) is p ro b ab ly  the 
first therm al barrier encountered  by tropical species. This 
also corresponds w ith  the su b tro p ica l/w arm -tem p era te  
b iogeograph ic  b o u n d a ry  reg ion  described  by H arrison  
(2002 ).

Som e trop ical species (e.g. A . japonicus, E. machnata, 
M . falciformis, O. mossambicus, P. commersonnii), how ever, 
do  ex tend  into w arm -tem p era te  estuaries an d  are often 
an  im p o rtan t p a r t o f the ich thyofauna (M arais & B aird, 
1980; M arais, 1981; M arais, 1983b; W hitfield  etal., 1994; 
V o rw e rk  et al., 2001). B rig g s (1974) n o te d  th a t  a 
c o n s p ic u o u s  fa u n a l  e le m e n t th a t  in h a b its  w a rm - 
tem perate shelf regions is the eurytherm ie tropical group, 
w h ich  consists of species th a t range in bo th  trop ical and  
w arm -tem perate  w aters. A lthough  som e tropical species 
occur in both w arm -tem perate  an d  subtropical estuaries, 
th ey  d id  con tribu te  to w a rd  the d issim ilarity  betw een  
these  estuaries (Tables 9 & 18). This w as m ain ly  d u e  to 
differences in the  relative p ro p o rtio n s  o f these species 
reco rded  in each region.

W arm  tem pera te  estuaries are m ain ly  do m in a ted  by 
endem ic taxa; th is is p ro b ab ly  enhanced  th ro u g h  the 
restric tion  o f trop ica l species to  estuaries fu rth e r no rth , 
thus reducing competition. Endemic taxa (e.g. A. breviceps, 
G. feliceps, H. capensis, L. lithognathus, L. richardsonii, P. 
knysnaensis) also accounted for som e of the dissim ilarity  
b e tw een  w a rm -te m p e ra te  an d  su b tro p ic a l e s tu a rie s  
(Tables 9 & 18). Som e endem ic species (e.g. G. aestuaria, 
G. callidus, L. dumerili, L. tricuspidens, M. capensis, R. holubi) 
also ex tended  into sub trop ica l estuaries, how ever, the ir 
co n tribu tion  to w ard  the d issim ilarity  betw een  w arm - 
tem p era te  an d  su b trop ica l estuaries w as m ain ly  d u e  to 
differences in the  relative p ro p o rtio n s  o f these species 
w ith in  each reg ion  (Table 9 & 17).

C oo l-tem perate  estuaries d id  no t a p p ea r to  contain  
a n y  u n iq u e  ta x a , b u t  r a th e r  c o m p r is e d  a m ix  o f 
w id e sp re a d  (e.g. M . cephalus) an d  endem ic species th a t 
a p p e a r  to  p re fe r  coo ler w a te rs  (e.g. A. breviceps, L. 
richardsonii). T ro p ica l sp ec ies  th a t  o ccu r in  w a rm -



tem p era te  estuaries (e.g. A. japonicus, E. machnata, M . 
falciformis, O. mossambicus, P. commersonnii) as w ell as 
endem ic taxa th a t ex tend  into sub trop ica l estuaries (e.g. 
G. callidus, L. dumerili, L. tricuspidens, M. capensis, R. holubi, 
S. bleekeri) a c c o u n te d  fo r so m e o f th e  d iss im ila rity  
betw een the w arm - and  cool-tem perate estuaries (Tables 
8 & 16). A lth o u g h  the cold, u p w elled  w a te r  associated  
w ith  the Benguela C urren t system  has been identified  as 
a b a rrie r  to  the  d is tr ib u tio n  o f tro p ica l species in to  
so u th w est an d  w est coast estuaries (W hitfield, 1983; 
1996), it m ay  also serve as a barrie r to  m an y  endem ic 
species. R. holubi in w est coast estuaries, for exam ple, is 
only  rep resen ted  by a few  stragg lers (W hitfield, 1999). 
Species th a t w ere  im p o rtan t in  bo th  w arm - an d  cool- 
tem perate system s (e.g. A. breviceps, G. feliceps, G. aestuaria, 
L. lithognathus, L. richardsonii, M . cephalus) also accounted 
for som e of the dissim ilarity betw een these estuaries. This 
w as m ainly  due  to differences in the relative proportions 
of the species collected in the estuaries w ith in  each region 
(Tables 8 & 16).

Because no  tw o  estuaries are iden tical in te rm s of 
e ither biotic or abiotic characteristics, it could  be argued  
th a t the  ich thyo faunas o f each estu ary  w ill also differ. 
W hitfie ld  (1999), how ever, p o s tu la ted  th a t if  the  fishes 
in estuaries re sp o n d  to  the en v iro n m en t in a consisten t 
m anner, th en  the com m unities occupy ing  sim ilar types 
o f estuaries in a p a rticu la r reg ion  w o u ld  be expected  to 
reflect this sim ilarity. M onaco et al. (1992) also no ted  that 
e s tu a r ie s  w ith  s im ila r  h a b ita ts  a n d  e n v iro n m e n ta l 
regim es often su p p o rt sim ilar species assem blages. This 
s tu d y  has d em o n stra ted  th a t the fish com m unities of 
e s tu a rie s  w ith in  each  b io g eo g rap h ic  reg io n  co n ta in  
so m ew h at d istinctive fish com m unities. The d o m in an t 
fish species w ith in  each biogeographic  region w ere  also 
found  to be sim ilar to  those repo rted  from  o ther studies; 
th is  is in  sp ite  o f the  fact th a t each s tu d y  d iffered  in  its 
specific aim s, tim escale an d  sam p lin g  m ethodologies. 
These find ings suggest th a t estuarine  fish com m unities 
a re  r e la tiv e ly  c o n s is ta n t a n d  a re  d o m in a te d  by  a 
characteristic  g ro u p  o f taxa.

ACKNOWLEDGEMENTS

The d a ta  u se d  in  th is  zo o g eo g rap h ic  o v erv iew  w as 
collected d u rin g  a pro ject fu n d ed  by the South  A frican 
D epartm en t o f E nv ironm ental Affairs an d  Tourism  and  
w a s  u n d e r ta k e n  by  th e  CSIR, D iv is io n  o f  W a te r  
E nv ironm en t an d  F orestry  Technology. I w o u ld  like to 
th an k  the  vario u s n a tiona l an d  reg ional conservation  
au tho rities  for p erm ission  to  sam ple  the estuaries an d  
for logistical assistance. I am  also g ra tefu l to  all those 
w ho  helped  w ith  field sam pling and  laboratory analyses. 
Special th an k s are ex ten d ed  to A rjoon Singh, CSIR, for 
genera ting  the m aps.

13



REFERENCES

Baird, D., M arais, J. F. K. & M artin , A. P. 1988. The 
Sw artkops Estuary. Proceedings of a sym posium  held  
on 14 & 15 S ep tem ber 1987 at the  U niversity  o f Port 
Elizabeth. South African National Scientific Programmes 
Report 156: 107pp.

Beckley, L. E. 1983. The ich thyofauna associated  w ith  
Zostera capensis Setchell in the  S w artkops estuary , 
South Africa. South African Journal ofZoology 18:1524.

Beckley, T. E. 1984. The ich thyofauna o f the S undays 
estuary, South Africa, w ith  particu lar reference to the 
juven ile  m arine  com ponent. Estuaries 7: 248-258.

Begg, G. W. 1978. The estuaries o f N atal. Natal Town and 
Regional Planning Report 41: 657pp.

Begg, G. W. 1984a. The com parative  ecology o f N atals 
sm aller estuaries. Natal Town and Regional Planning  
Report 62: 182pp.

Begg, G. W. 1984b. The estuaries o f N atal. P art 2. Natal 
Town and Regional Planning Report 55: 631pp.

Bennett, B. A. 1989. A  com parison of the fish com m unities 
in n earb y  p e rm an en tly  open, seasonally  open  an d  
norm ally  closed estuaries in the sou th -w estern  Cape, 
South Africa. South African Journal of Marine Science 8: 
43-55.

Bennett, B. A. 1994. The fish com m unity  of the Berg River 
e s tu ary  an d  an  assessm en t o f the  likely effects of 
red u ced  fresh w ater inflow s. South African Journal of 
Zoology 18: 89-95.

B ickerton, I. B. 1982. E stu aries  o f  the  C ape, P a rt II: 
S ynopses o f  availab le  in fo rm a tio n  on in d iv id u a l 
s y s te m s . R e p o r t  N o . 11: H a r te n b o s  (CM S 1). 
Stellenbosch. CSIR Research Report 410: 54pp.

Bickerton, I. B. & Pierce, S. M. 1988. Estuaries o f the Cape, 
P a r t  II: S y n o p se s  o f  a v a ila b le  in fo rm a tio n  on  
in d iv id u a l system s. R eport No. 33: K rom  (CMS 45), 
S e e k o e i (CM S 46) a n d  K a b e ljo u s  (CM S 47). 
S tellenbosch. CSIR Research Report 432: 109pp.

Blaber, S. J. M. 1985. The ecology o f fishes o f estuaries 
a n d  lag o o n s  o f  th e  In d o -P ac ific  w ith  p a r tic u la r  
reference to  S o u th east A frica. In  Fish C om m unity  
Ecology in Estuaries and Coastal Tagoons: Towards an 
Ecosystem Integration. Y áñ ez-A ran c ib ia , A. (ed.). 
U N A M  Press, Mexico, pp . 247-266.

Blaber, S. J. M., H ay, D. G., C yrus, D. P. & M artin , T. J. 
1984. The ecology o f tw o  d eg rad ed  estuaries on the 
n o rth  coast o f N ata l, S ou th  A frica. South African  
Journal o f Zoology 19: 224-240.

Branch, G. M. & Day, J. A. 1984. Ecology o f so u th e rn  
African estuaries. Part XIII. The Palm iet River estuary  
in the  so u th -w este rn  C ape. South African Journal of 
Zoology 19: 63-77.

Branch, G. M. & G rindley, J. R. 1979. Ecology of sou thern  
A frican estuaries. P art XI. M ngazana: a m angrove 
estu ary  in Transkei. South African Journal o f Zoology 
14: 149-170.

Briggs, J. C. 1974. O pera tion  o f zoogeograph ic  barriers. 
Systematic Zoology 23: 248-256.

C lark, B. M., Bennett, B. A. & T am berth , S. J. 1994. A 
com parison  of the ich thyofauna o f tw o  estuaries and

th e ir ad jacent su rf  zones, w ith  an  assessm ent o f the 
effects o f beach-sein ing  on the n u rse ry  function  of 
estuaries for fish. South African Journal of Marine Science 
14: 121-131.

Clarke, K. R. 1993. N on-param etric  m ultivariate analyses 
o f changes in com m unity  structure. Australian Journal 
o f Ecology 18: 117-143.

C larke, K. R. & W arw ick, R. M. 1994. Change in  marine 
communities: A n  approach to statistical analysis and 
in te rp re ta tio n .  P ly m o u th  M a r in e  T a b o ra to ry , 
P lym outh . 144pp.

Coetzee, D. J. & Pool, R. C. 1991. D iet o f the  la rger fish 
species in the Breede R iver estuary , w ith  em phasis  
on the p rey  species. Bontebok 7: 27-35.

C ooper, J. A. G. 2001. G eom orpho log ica l variab ility  
am ong m icrotidal estuaries from  the w ave-dom inated 
S outh  A frican coast. Geomorphology A0: 99-122.

Cow ley, P. D. & W hitfield , A. K. 2001. Ich thyofaunal 
characteristics o f a typ ical tem p o rarily  o p e n /c lo se d  
e s tu a ry  on th e  s o u th e a s t co ast o f  S o u th  A frica. 
Ichthyological Bulletin of the J.T.B. Sm ith Institu te of 
Ichthyology 71: 119pp.

Day, J. H. 1981. Sum m aries o f cu rren t kno w led g e  o f 43 
e s tu a rie s  in  s o u th e rn  A frica. In  D ay, J. H. (Ed.) 
Estuarine ecology with particular reference to southern 
Africa. A.A. Balkem a, C ape Tow n. p p .251-329.

Day, J. H., Blaber, S. J. M. & W allace, J. H. 1981. Estuarine 
fishes. In Estuarine ecology with particular reference to 
southern Africa. Day, J. H. (ed.). A.A. Balkem a, Cape 
Tow n. pp . 197-221.

D u n d a s , A. 1994. A  c o m p a ra tiv e  a n a ly s is  o f  fish  
a b u n d a n c e  a n d  d iv e r s i ty  in  th re e  se m i-c lo se d  
estuaries in the Eastern Cape. MSc. thesis, U niversity  
o f Port Elizabeth.

E llio tt, M. & D ew ailly , F. 1995. The s tru c tu re  a n d  
c o m p o n e n ts  o f  E u r o p e a n  f ish  a s s e m b la g e s .  
Netherlands Journal of Aquatic Ecology 29: 397-417.

Field, J. G., C larke, K. R. & W arw ick, R. M. 1982. A 
p r a c t ic a l  s t r a te g y  fo r  a n a ly s in g  m u l t i s p e c ie s  
d is trib u tio n  p a tte rn s. Marine Ecology Progress Series 
8: 37-52.

G rindley , J. R. & D udley , S. 1988. E stuaries o f the C ape, 
P a r t  II: S y n o p se s  o f  a v a ila b le  in fo rm a tio n  on  
in d iv id u a l system s. R eport No. 28: R ietvlei (CW 24) 
a n d  D iep  E s tu a ry  (CW  25). S te llen b o sch . CSIR  
Research Report 427: 90pp.

H a n e k o m , N . & B a ird , D. 1984. F ish  c o m m u n ity  
s tru c tu res  in  Zostera an d  n o n -Zostera reg ions of the 
K rom m e estuary, St Francis Bay. South African Journal 
of Zoology 19: 295-301.

H arrison , T. D. 2001. T eng th -w eigh t re la tio n sh ip s  of 
fishes from  South A frican estuaries. Journal o f Applied 
Ichthyology 17: 46-48.

H arriso n , T. D. 2002. P re lim in ary  assessm en t o f the 
b iogeography  o f fishes in S outh  A frican estuaries. 
M arine and Freshwater Research 53: 479-490.

H arrison , T. D. & W hitfield, A. K. 1995. Fish com m unity  
struc tu re  in three tem porarily  o p en /c lo se d  estuaries 
on the  N ata l coast. Ichthyological Bulletin o f the J.T.B. 
Sm ith Institu te o f Ichthyology 64: 180pp.

14



H arrison , T. D., C ooper, J. A. G. & R am m , A. E. L. 2000. 
State o f S ou th  A frican estuaries. G eom orphology , 
ic h th y o f a u n a ,  w a te r  q u a l i ty  a n d  a e s th e t ic s .  
Department o f Environmental Affairs and Tourism State 
o f the Environm ent Series Report 2: 127pp.

H einecken, T. J. E. 1985. E stuaries o f the C ape, P art II: 
S ynopses o f availab le  in fo rm a tio n  on in d iv id u a l 
system s. R eport No. 27: W ild e v o ë lv le i/N o o rd h o ek  
(CW 28). Stellenbosch. CSIR Research Report 426:58pp.

H em ens, J., S im pson, D. E. & W arw ick, R. J. 1986. The 
chem istry  an d  biology o f som e N atal estuaries, 197 0 
1972. CSIR National Institute for Water Research, Durban.

H eydorn , A. E. F. & Bickerton, I. B. 1982. Estuaries of the 
C ape, P art II: Synopses o f available in fo rm ation  on 
ind iv idual system s. R eport No. 9: Uilkraals (CSW 17). 
Stellenbosch. CSIR Research Report 408: 37pp.

H eydorn , A. E. F. & Tinley, K. L. 1980. E stuaries o f the 
C ape. P art 1. Synopsis o f the C ape coast - N a tu ra l 
fea tu res, dynam ics an d  u tiliza tion . CSIR Research 
Report. 380: 197pp.

H ill, B. J. 1966. A  co n trib u tio n  to  the  ecology o f the 
U m lalazi estuary . Zoologica Africana 2: 124.

L u tjeharm s, J. R. E., C ooper, J. & R oberts, M. 2000. 
U pw elling at the inshore edge of the A gulhas Current. 
Continental Shelf Research 20: 737-761.

M arais, J. F. K. 1981. Seasonal abundance , d is trib u tio n  
an d  catch p e r u n it effort using  gill-nets, o f fishes in 
the S undays estuary . South African Journal o f Zoology 
16: 144-150.

M arais, J. F. K. 1983a. Seasonal abundance , d is trib u tio n  
and  catch p er un it effort o f fishes in the Krom  estuary, 
South  A frica. South African Journal o f Zoology 18: 96- 
102 .

M arais, J. F. K. 1983b. Fish ab u n d an ce  an d  d is trib u tio n  
in the G am toos estu ary  w ith  no tes on the effect of 
floods. South African Journal of Zoology 18: 103-109.

M arais, J. F. K. & Baird, D. 1980. Seasonal abundance , 
d is trib u tio n  an d  catch p e r u n it effort o f fishes in  the 
S w artkops estuary . South African Journal of Zoology 
15: 66-71.

M aree, R. C., W hitfield, A. K. & Booth, A. J. 2000. Effect of 
w a te r  tem p era tu re  on the b iogeography  o f S outh  
A f r ic a n  e s tu a r in e  f is h e s  a s s o c ia te d  w i th  th e  
su b tro p ica l/w arm  tem perate  subtraction  zone. South 
African Journal of Science 96: 184-188.

M illard , N. A. H. & Scott, K. M. F. 1954. The ecology of 
South  A frican estuaries, P art VI: M ilnerton  estuary  
an d  the  D iep River, Cape. Transactions o f the Royal 
Society o f South Africa 34: 279-324.

M onaco, M. E., Low ery, T. A. & E m m ett, R. L. 1992. 
A ssem blages o f U.S. w est coast estuaries based  on 
the d is trib u tio n  o f fishes. Journal o f Biogeography 19: 
251-267.

M orant, P. D. & Grindley, J. R. 1982. Estuaries of the Cape, 
P a r t  II: S y n o p se s  o f  a v a ila b le  in fo rm a tio n  on  
in d iv id u a l system s. R eport No. 14: Sand  (CSW 4). 
Stellenbosch. CSIR Research Report 413: 70 pp.

P aterson , A. W. & W hitfield , A. W. 1996. The fishes 
associated  w ith  an  in te rtid a l sa lt m arsh  creek in the 
Kariega estuary, South Africa. Transactions of the Royal

Society o f South Africa 51: 195-218.
Pease, B. C. 1999. A  sp a tia lly  o rien ta ted  analy sis  o f 

estuaries an d  th e ir associated  com m ercial fisheries 
in  N ew  South  W ales, A ustralia . Fisheries research 42: 
67-86.

P lum stead , E. E., P rinsloo, J. F. & Schoonbee, H. J. 1985. 
A  su rv ey  o f the  fish fauna o f T ranskei estuaries. P art
1. The Kei R iver e s tuary . South African Journal of 
Zoology 20: 213-220.

P lum stead , E. E., Prinsloo, J. F. & Schoonbee, H. J. 1989a. 
A  su rv ey  o f the  fish fauna o f T ranskei estuaries. P art 
Two: The M bashe estuary . South African Journal of 
Zoology 24: 273-281.

Plum stead , E. E., Prinsloo, J. F. & Schoonbee, H. J. 1989b. 
A  su rv ey  o f the  fish fauna o f T ranskei estuaries. P art 
Three: The M tata River estuary . South African Journal 
of Zoology 24: 282-289.

P lum stead , E. E., P rinsloo, J. F. & Schoonbee, H. J. 1991. 
A  su rv ey  o f the  fish fauna o f T ranskei estuaries. P art 
Four: The M ntafufu  an d  M zam ba R iver estuaries. 
South African Journal o f Zoology 26: 153-163.

Q uick, A. J. R. & H ard ing , W. R. 1994. M anagem ent o f a 
shallow  estuarine  lake for recreation  an d  as a fish 
nursery : Z andv le i, C ape Tow n, South  Africa. Water 
SA  20: 289-297.

Ram m , A. E. L., Cerff, E. C. & H arrison , T. D. 1987. 
D ocum enting  the recovery  o f a severely  d eg rad ed  
coastal lagoon. Journal of Shoreline Management 3:159- 
167.

Ratte, T. W. 1982. n  O pnam e v an  die v isbevolk ings van  
die B reëriv ierm ond. Bontebok 2:13-18.

Skelton, P. H. 1993. A Complete Guide to the Freshwater 
Fishes of Southern Africa. S ou thern  Book Publishers, 
H alfw ay  H ouse. 388pp.

Sm ith, M. M. & H eem stra , P. C. 1995. S m ith s’ Sea Fishes. 
S ou thern  Book Publishers, Johannesburg . 1048pp.

T er M orshu izen , L. D. & W hitfie ld , A. K. 1994. The 
d is trib u tio n  o f litto ral fish associated  w ith  eelgrass 
Zostera capensis b ed s  in  th e  K a rieg a  e s tu a ry , a 
so u th e rn  A frican system  w ith  a rev e rsed  salin ity  
g rad ien t. South African Journal of Marine Science 14: 
95-105.

Ter M orshuizen, L. D., W hitfield, A. K. & Paterson, A. W. 
1996a. D istribu tion  p a tte rn s  o f fishes in an  eastern  
C ape estu ary  an d  river w ith  p a rticu la r em phasis  on 
the  ebb an d  flow  region. Transactions o f the Royal 
Society o f South Africa 51: 257-280.

Ter M orshuizen, L. D., W hitfield, A. K. & Paterson, A. W. 
1996b. Influence o f fre sh w ate r flow  reg im e on fish 
assem blages in  the  G reat Fish R iver an d  estuary . 
Southern African Journal of Aquatic Science 22: 52-61.

V ieira, J. P. & M usick, J. A. 1993. L atitu d in a l pa tte rn s  in 
d iv ersity  o f fishes in  w a rm -tem p era te  an d  trop ical 
e stuarine  w a te rs  o f the  w este rn  A tlantic. Atlantica, 
Rio Grande 15: 115-133.

Vieira, J. P. & M usick, J. A. 1994. Fish faunal com position 
in w arm -tem perate  an d  trop ical estuaries o f w estern  
A tlantic. Atlantica, Rio Grande 16: 31-53.

Vorwerk, P. D., W hitfield, A. K., Cowley, P. D. & Paterson, 
A. W. 2001. A  su rv e y  o f se le c te d  E as te rn  C ape

15



e s tu a r ie s  w i th  p a r t i c u l a r  r e fe re n c e  to  th e  
ichthyofauna. Ichthyological Bulletin o f the J.L.B. Smith  
Institu te of Ichthyology 7 2: 152pp.

W allace, J. H. & v an  d er Eist, R. P. 1975. The estuarine  
fishes o f the east coast o f South Africa, iv. O ccurrence 
o f juven iles in estuaries an d  v. Ecology, estuarine  
d ep en d en ce  an d  sta tus. Investigational Report o f the 
Oceanographic Research Institute 42: 162pp.

W hitfie ld , A. K. 1980a. D is trib u tio n  o f fishes in  the 
M hlanga estu ary  in re la tion  to  food resources. South 
African Journal o f Zoology 15: 159-165.

W h itf ie ld ,  A. K. 1980b. F a c to rs  in f lu e n c in g  th e  
re c ru itm e n t o f  ju v e n ile  fishes in to  th e  M h lan g a  
estuary . South African Journal o f Zoology 15: 166-169.

W hitfield, A. K. 1980c. A  quantitative study  of the trophic 
re la tio n sh ip s  w ith in  th e  fish  c o m m u n ity  o f  the  
M hlanga estuary , S outh  Africa. Estuarine and Coastal 
M arine Science 10: 417-435.

W hitfield , A. K. 1983. Factors influencing the u tilization  
o f so u th e rn  A frican estuaries by fishes. South African 
Journal o f Science 79: 362-365.

W hitfield , A. K. 1992. A  characteriza tion  o f so u th e rn  
A frican estuarine  system s. Southern African Journal of 
Aquatic Sciences 18: 89-103.

W h itf ie ld ,  A. K. 1994. A n  e s tu a r y - a s s o c ia t io n  
classification for the fishes o f so u th e rn  Africa. South  
African Journal o f Science 90: 411-417.

W hitfield , A. K. 1995. A vailable scientific in fo rm ation  
on in d iv id u a l so u th e rn  A frican estuarine  system s. 
Water Research Commission Report 577 1 95: 204pp.

W hitfield , A. K. 1996. A  rev iew  o f factors in fluencing  
fish utilization of South African estuaries. Transactions 
o f the Royal Society o f South Africa 51: 115-137.

W hitfield , A. K. 1998. Biology an d  ecology o f fishes in 
sou thern  A frican estuaries. Ichthyological Monographs 
o f the J.L.B. Sm ith Institu te of Ichthyology 2: 223 pp.

W hitfie ld , A. K. 1999. Ich th y o fau n a l assem blages in 
estuaries: A  South  A frican case study . Reviews in Fish 
Biology and Fisheries 9: 151-186.

W hitfield , A. K. 2000. A vailable scientific in fo rm ation  
on in d iv id u a l so u th e rn  A frican estuarine  system s. 
Water Research Commission Report 577 3 00: 217pp.

W hitfield, A. K., Beckley, L. E., Bennett, B. A., Branch, G. 
M., Kok, H. M., Potter, I. C. & van  d er Eist, R. P. 1989. 
C om p o sitio n s, species richness a n d  s im ila rity  of 
ich thyofaunas in  eelgrass Zostera capensis beds of 
sou thern  Africa. South African Journal of Marine Science 
8: 251-259.

W hitfield, A. K„ Paterson, A. W„ Bok, A. H. & Kok, H. M. 
1994. A  co m p ariso n  o f the  ich th y o fau n as  in tw o 
p e rm a n e n tly  o p en  ea s te rn  C ape estu aries . South  
African Journal o f Zoology 29: 175-185.

16



Table 1. C om p arison  of c lassif ication of S ou th  African e s tu a r ie s  after Harrison e t al. (2000) and  
Whitfield (2000).

Whitfield (2000)

Harrison et al. 

(2000)

Non-

estuaiy

Permanently

open

Temporarily

open/closed

River

mouth

Estuarine

lake

Estuarine

bay
Total

Non-estuary 42 - 2 - - - 44

Open, non-barred - 3 2 6 - - 11

Open, small 2 - 31 - 1 - 34

Open, large - 42 11 5 3 1 62

Closed, small 5 - 21 1 - - 27

Closed, medium 2 - 67 - 2 - 71

Closed, large - - - - 2 - 2

Total 51 45 134 12 8 1 251

Table 2. P e rc e n t  freq u en cy  of o ccu r ren ce ,  m e a n  p e rc en t  a b u n d a n c e  and  m e an  pe rcen t  
b iom ass  composition of f ishes in c losed  coo l- tem pera te  e s tua r ie s  (n = n um ber  of 
es tuar ie s ,  SD = s ta n d a rd  deviation).

Fam ily Species
Frequency Abundance Biomass
% n % SD % SD

Atherinidae Atherina breviceps 25 1 2.21 4.41 0.11 0.23
Carangidae Lichia amia 25 1 0.08 0.16 5.43 10.86
Clupeidae Gilchristella aestuaria 25 1 19.50 39.00 0.54 1.07
Gobiidae Caffrogobius nudiceps 50 2 3.01 5.94 0.14 0.28

Psam mogobius knysnaensis 25 1 0.02 0.03 0.00 0.01
M ugilidae Liza dumerili 25 1 0.06 0.13 0.05 0.11

Liza richardsonii 100 4 56.69 43.60 49.85 39.84
M ugil cephalus 75 3 18.09 33.60 43.83 33.03

Soleidae H eterom ycteris capensis 50 2 0.24 0.37 0.01 0.01
Sparidae Rhabdosargus globiceps 25 1 0.05 0.10 0.00 0.00
Syngnathidae Syngnathus temminckii 25 1 0.05 0.10 0.03 0.06

Table 3. Major sp e c ie s  accounting for the  similarity within closed  coo l- tem pera te  e s tuarie s ;  S i  is 
the  a v e ra g e  similarity contribution of e a ch  sp ec ies ;  % S i is the  pe rcen t  contribution to the 
overall similarity (S); SD (Si) is the  s tan d a rd  deviation of e a c h  sp e c ie s  to the  total similarity. 
Similarities a re  b a s e d  on p re s e n c e /a b s e n c e ,  a b u n d a n c e  and  b iom ass .

Presence/absence Abundance Biomass
Species Si %  Si S i /

SD(Si)
Si % Si S i /

SD(Si)
Si %  Si S i /  

SD (Si)
C. nudiceps 1.4 3.69 0.41
H. capensis 2.2 5.09 0.41
L. richardsonii 29.5 67.47 1.49 26.4 69.06 1.84 35.8 66.15 2.26
M. cephalus 9.8 22.36 0.82 9.2 24.15 0.85 17.3 31.92 0.89
Total S 43.67 38.26 54.19
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Table 4. Percent frequency of occurrence, mean percent abundance and mean percent
biomass composition of fishes in closed warm-temperate estuaries (n = number
of estuaries; SD = standard deviation).

Family Species Frequency Abundance Biomass
% n % SD % SD

Ambassidae Ambassis dussumieri 2 1 0.00 0.01 0.00 0.00
Ariidae Galeichthys feliceps 20 8 0.02 0.05 0.36 1.31
Atherinidae Atherina breviceps 88 36 18.33 18.61 0.84 1.17
Blenniidae Parablennius lodosus 2 1 0.00 0.01 0.00 0.00
Carangidae Caranx sexfasciatus 5 2 0.02 0.15 0.34 1.96

Lichia amia 41 17 0.05 0.10 3.26 4.60
Cichlidae Oreochromis mossambicus 61 25 0.79 1.83 6.56 10.47
Clupeidae Gilchristella aestuaria too 41 35.78 22.29 1.62 1.63
Elopidae Elops machnata 17 7 0.04 0.14 1.73 6.71
Gerreidae Gerres methueni 2 1 0.00 0.01 0.01 0.05
Gobiidae Caffrogobius gilchristi 27 11 0.13 0.26 0.02 0.05

Caffrogobius natalensis 5 2 0.00 0.02 0.00 0.00
Caffrogobius nudiceps 5 2 0.06 0.37 0.01 0.04
Glossogobius callidus 88 36 3.24 3.91 0.41 0.67
Oligolepis keiensis 5 2 0.01 0.03 0.00 0.00
Psammogobius knysnaensis 71 29 1.12 3.91 0.05 0.07

Haemulidae Pomadasys commersonnii 61 25 0.24 0.48 4.52 5.73
Pomadasys olivaceus 7 3 0.01 0.03 0.00 0.01

Lutjanidae Lutianus argentimaculatus 2 1 0.00 0.01 0.14 0.89
Monodactylidae Monodactylus falciformis 93 38 0.71 0.82 0.94 1.11
Mugilidae Liza alata 2 1 0.01 0.04 0.08 0.50

Liza dumerili S3 34 2.58 3.55 4.41 5.48
Liza macrolepis 27 11 0.12 0.33 0.35 0.96
Liza richardsonii 100 41 6.65 8.68 28.36 22.99
Liza tricuspidens 76 31 1.13 1.76 7.11 10.31
M ugil cephalus 90 37 1.80 3.67 11.46 13.36
M yxus capensis 90 37 5.58 12.27 5.80 6.28
Valamugil buchanani 5 2 0.01 0.02 0.16 0.75
Valamugil cunnesius 5 2 0.03 0.17 0.02 0.11
Valamugil robustus 7 3 0.04 0.19 0.04 0.19

Pomatomidae Pomatomus saltatrix 15 6 0.09 0.48 0.72 2.92
Sciaenidae Argyrosomus japonicus 44 18 0.14 0.29 6.45 9.92
Soleidae Heteromycteris capensis 29 12 0.23 0.77 0.01 0.03

Solea bleekeri 37 15 0.09 0.18 0.03 0.13
Sparidae Acanthopagrus vagus 2 1 0.00 0.01 0.02 0.11

D iplodus capensis 29 12 0.34 1.74 0.02 0.05
Lithognathus lithognathus 76 31 2.91 7.56 3.70 5.13
Rhabdosargus globiceps 5 2 0.00 0.01 0.00 0.01
Rhabdosargus holubi 98 40 17.64 15.72 10.28 8.55
Rhabdosargus sarba 5 2 0.00 0.02 0.18 0.94
Sarpa salpa 17 7 0.04 0.11 0.00 0.01

Teraponidae Terapon ¡árhua 7 3 0.03 0.13 0.01 0.05
Tetraodontidae Amblyrhynchotes honckenii 2 1 0.00 0.01 0.00 0.02
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Table 5. Major sp e c i e s  accounting  for th e  similarity within c losed  w arm - tem p e ra te  es tua r ie s ;  S i  is the 
a v e ra g e  similarity contribution of e a ch  sp ec ie s ;  % S i  is the  p e rcen t  contribution to the  overall 
similarity (S); SD (Si) is the s tand ard  deviation of e a ch  sp e c ie s  to the  total similarity. Similarities 
a re  b a s e d  on p re s e n c e /a b s e n c e ,  a b u n d a n c e  and  b iom ass .

Presence/absence Abundance Biomass
Species Si % Si S i /  

SD (Si)
Si % Si S i /  

SD (Si)
Si % Si S i /  

SD (Si)
A. breviceps 5.2 7.48 1.71 6.9 11.13 1.41 3.0 4.99 1.55
G. aestuaria 6.8 9.78 4.05 9.8 15.90 2.84 4.4 7.32 2.72
G. callidus 4.6 6.65 1.52 4.1 6.67 1.41 2.2 3.68 1.48
L. lithognathus 3.5 5.10 1.01 2.2 3.54 0.99 3.3 5.45 0.92
L. dumerili 4.5 6.56 1.39 3.7 5.98 1.30 3.9 6.43 1.29
L. richardsonii 6.9 10.00 4.23 6.4 10.37 3.25 10.7 17.68 2.88
L. tricuspidens 3.7 5.36 1.11 2.5 4.06 1.06 3.3 5.53 0.94
M. falciformis 5.4 7.86 1.97 3.5 5.61 1.84 3.2 5.32 1.75
M. cephalus 5.7 8.22 1.87 3.9 6.37 1.63 5.6 9.25 1.40
M. capensis 5.5 7.90 1.86 4.4 7.18 1.65 4.8 7.95 1.55
O. mossambicus 2.0 2.89 0.70 2.2 3.58 0.66
P. commersonnii 2.3 3.72 0.72
P. knysnaensis 2.7 3.90 0.80 1.8 2.95 0.81
R. holubi 6.7 9.77 3.10 7.6 12.29 2.79 6.8 11.15 2.37
Total S 69.05 61.84 60.61
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Table 6. Percent frequency of occurrence, mean percent abundance and mean percent
biomass composition of fishes in closed subtropical estuaries (n = number
of estuaries, SD = standard deviation).

Family Species
Frequency Abundance Biomass
% n % SD % SD

Ambassidae Ambassis dussumieri 9 2 0.18 0.60 0.00 0.01
Ambassis natalensis 23 5 0.37 1.14 0.01 0.02
Ambassis ambassis 50 11 1.86 5.29 1.04 1.49

Carangidae Caranx ignobilis 5 1 0.05 0.22 0.19 0.88
Caranx papuensis 5 1 0.02 0.11 0.01 0.03
Caranx sexfasciatus 36 8 0.17 0.39 0.51 0.99

Chanidae Chanos chanos 5 1 0.03 0.14 0.17 0.80
Cichlidae Oreochromis mossambicus 100 22 18.72 22.79 17.67 13.75

Tilapia rendalli 9 2 0.18 0.73 0.15 0.63
Clariidae Clarias gariepinus 41 9 0.88 1.85 18.13 28.02
Clupeidae Gilchristella aestuaria 73 16 25.82 32.52 1.37 3.89
Cyprinidae Barbus natalensis 5 1 0.01 0.03 0.00 0.00
Eleotridae Eleotris fusca 9 2 0.01 0.03 0.00 0.00
Elopidae Elops machnata 5 1 0.01 0.03 0.03 0.15
Gerreidae Gerres methueni 18 4 0.35 1.14 0.09 0.34
Gobiidae Awaous aeneofuscus 14 3 0.01 0.04 0.01 0.03

Caffrogobius natalensis 18 4 0.07 0.21 0.00 0.00
Glossogobius callidus 82 18 3.27 4.72 0.14 0.16
Glossogobius giuris 27 6 0.18 0.57 0.01 0.02
Mugillogobius merleni 5 1 0.00 0.02 0.00 0.00
Oligolepis acutipennis 14 3 0.09 0.25 0.01 0.03
Oligolepis keiensis 9 2 0.05 0.19 0.00 0.00
Oxyurichthys opthalmonema 5 1 0.01 0.03 0.00 0.00
Psammogobius knysnaensis 14 3 0.24 0.70 0.01 0.02
Redigobius dewaali 5 1 0.01 0.03 0.00 0.00

Haemulidae Pomadasys commersonnii 68 15 0.64 1.35 3.10 4.17
Pomadasys kaakan 5 1 0.02 0.09 0.02 0.07

Leiognathidae Leiognathus equula 9 2 0.06 0.28 0.02 0.09
Lui) ariidae Lutjanus argentimaculatus 14 3 0.02 0.05 0.05 0.14

Lutjanus fulviflamma 5 1 0.00 0.02 0.00 0.00
Megalopidae Megalops cyprinoides 9 2 0.12 0.42 0.39 1.26
Monodactylidae Monodactylus argenteus 5 1 0.02 0.09 0.01 0.03

Monodactylus falciformis 77 17 2.64 8.06 0.94 1.72
Mugilidae Liza alata 64 14 0.48 0.68 6.57 11.53

Liza dumerili 77 17 3.70 5.54 2.92 3.84
Liza macrolepis 68 15 2.21 4.26 5.09 10.20
Liza tricuspidens 14 3 0.04 0.13 0.01 0.03
M ugil cephalus 91 20 7.80 8.49 15.17 11.09
Myxus capensis 100 22 14.08 12.71 13.97 13.34
Valamugil buchanani 18 4 0.08 0.25 0.37 1.27
Valamugil cunnesius 86 19 5.19 8.74 3.91 8.05
Valamugil robustus 55 12 1.97 3.24 2.78 5.64
Valamugil seheli 14 3 0.18 0.56 0.04 0.14

Sciaenidae Argyrosomus japonicus 36 8 0.14 0.23 2.23 4.28
Sillaginidae Sillago sihama 5 1 0.01 0.03 0.00 0.01
Soleidae Solea bleekeri 27 6 0.29 0.83 0.02 0.06
Sparidae Acanthopagrus spp. 14 3 0.07 0.23 0.13 0.55

Rhabdosargus holubi 82 18 6.67 10.98 2.55 5.82
Rhabdosargus sarba 9 2 0.11 0.45 0.01 0.02

Teraponidae Terapon jarbua 55 12 0.86 1.65 0.16 0.38
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Table 7. Major s p e c i e s  accoun t ing  for the  similarity within c lo sed  sub trop ica l  e s tu a r ie s ;  S i  is the  
a v e ra g e  similarity contribution of e a ch  spec ies ;  % S i  is the  p ercen t  contribution to the overall 
similarity (S); SD (Si) is the  s tandard  deviation of each  sp e c ie s  to the total similarity. Similarities 
a re  b a s e d  on p re s e n c e /a b s e n c e ,  a b u n d a n c e  and  b iom ass .

Presence/absence Abundance Biomass
Species Si %  Si S i /  

SD (Si)
Si %  Si S i !

SD(Si)
Si %  Si S i !

SD(Si)
C. gariepinus 2.0 3.56 0.40
G. aestuaria 3.7 6.35 0.97 5.0 9.56 0.81 1.6 2.93 0.80
G. callidus 4.5 7.60 1.32 3.6 6.82 1.19 1.8 3.29 1.19
L. alata 1.2 2.37 0.74 2.7 4.93 0.78
L. dumerili 4.0 6.77 1.14 3.2 6.18 1.10 3.1 5.60 1.10
L. m acrolepis 2.1 3.51 0.75 1.8 3.48 0.79 2.1 3.78 0.76
Ad. falciform is 3.0 5.10 0.98 2.3 4.37 1.11 2.2 4.02 1.02
Ad. cephalus 6.1 10.42 1.87 5.1 9.79 1.67 8.0 14.56 1.84
Ad. capensis 7.3 12.44 4.37 7.8 14.89 2.92 7.7 14.00 2.30
O. mossambicus 6.8 11.59 2.70 7.1 13.65 2.27 9.4 17.02 2.86
P. commersonnii 3.0 5.20 0.88 1.8 3.47 0.88 2.3 4.17 0.77
R. holubi 4.1 6.92 1.18 3.5 6.64 1.10 2.8 5.15 1.17
T. jarbua 1.6 2.80 0.61
V. cunnesius 5.1 8.72 1.56 4.0 7.71 1.48 3.9 7.13 1.50
V. robustus 1.6 2.73 0.60 1.2 2.29 0.60
Total S 58.67 52.34 54.93

Table 8. Major sp e c ie s  accounting  for the  dissimilarity be tw een  closed  coo l- tem pera te  and  closed 
w arm -tem pera te  es tuaries ;  äi is the a v e ra g e  dissimilarity contribution of e ach  sp ec ies ;  % 
äi is the  p e rcen t  contribution to the  overall dissimilarity (ä); SD (äi) is the  s tan d a rd  deviation 
of e a c h  sp e c ie s  to the  total dissimilarity. Dissimilarities a re  b a se d  on p re s e n c e /a b se n c e ,  
a b u n d a n c e  and  b iom ass .

Presence/absence Abundance Biomass
Species Si %  Si 5 H  

SD(Si)
Si %  Si 5 i / 

SD(ûi)
Si % 01 5 H  

SD(Sl)
A. breviceps 4.03 5.52 1.36 7.45 9.89 1.43
G. aestuaria 4.58 6.28 1.51 9.11 12.10 1.81 3.51 5.14 1.72
G. callidus 4.44 6.09 1.96 5.02 6.67 1.69
L. lithognathus 4.06 5.57 1.38 4.24 6.21 1.21
L. dumerili 4.13 5.48 1.49 4.03 5.91 1.56
L. tricuspidens 3.99 5.47 1.55 4.41 6.45 1.31
Aí. falciformis 4.89 6.71 2.28
Ad. cephalus 5.62 8.22 1.40
Aí. capensis 4.95 6.79 2.10 4.87 6.47 1.99 5.07 7.42 1.90
O. mossambicus 3.64 5.32 1.00
R. holubi 5.57 7.64 2.61 7.78 10.33 2.75 6.37 9.32 2.63
Total ô 72.90 75.30 68.31
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Table 9. Major sp e c ie s  accounting  for the  dissimilarity be tw een  closed  w arm -tem p era te  and  closed 
subtropical es tuaries ;  äi is the  a v e ra g e  dissimilarity contribution of e ac h  sp ec ies ;  % äi is 
the p e rcen t  contribution to the overall dissimilarity (ä); SD (äi) is the  s ta n d a rd  deviation of 
e a ch  sp e c ie s  to the  total dissimilarity. Dissimilarities a re  b a s e d  on p r e s e n c e /a b s e n c e ,  
a b u n d a n c e  and  b io m a ss .

Presence/absence Abundance Biomass
Species Si %  Si S il

SD(ÖJ)
Si %  Si S il

SD(ÖJ)
Si %  Si S il

SD(öj)
A. ambassis 1.49 2.72 0.89
A. japonicus 2.38 3.82 1.06
A. breviceps 3.08 5.62 2.31 5.63 9.30 1.77
C. gariepinus 2.87 4.59 0.77
G. aestuaria 4.61 7.61 1.47
G. callidus 2.33 3.84 1.25
L. lithognathus 2.55 4.66 1.50 1.90 3.13 1.34 2.78 4.46 1.30
L. alata 1.61 2.95 1.08 2.69 4.31 1.20
L. dumerili 2.16 3.56 1.28
L. macrolepis 1.87 3.42 1.13
L. richardsonii 3.56 6.50 4.19 4.03 6.65 3.45 6.17 9.89 2.84
L. tricuspidens 2.41 4.40 1.39 2.22 3.66 1.42 2.96 4.74 1.34
M. cephalus 2.30 3.68 1.13
O. mossambicus 1.71 3.13 0.88 3.22 5.32 1.28 3.38 5.42 1.30
P. commersonnii 1.85 3.38 1.01 2.36 3.79 1.23
P. knysnaensis 2.13 3.89 1.16
R. holubi 3.07 5.07 1.40 2.57 4.12 1.47
T. jarbua 1.75 3.20 1.03
V  cunnesius 2.95 5.38 1.93 2.91 4.80 1.62 2.80 4.48 1.84
V  robustus 1.74 3.18 1.02
Total ö 54.72 60.58 62.42

Table 10. P e rcen t  f requency  of occurrence ,  m ean  p ercen t  a b u n d a n c e  and  m ean  percen t 
b iom ass  composition of f ishes in open  coo l- tem pera te  e s tu a r ie s  (n = n um ber  of 
es tuar ie s ,  SD = s tan d a rd  deviation).

Pa in Hy Species l'renucncv Abundance Biomass
% n % SJï % Si)

Ariidae Galeichthys feliceps 75 3 0.05 0.03 ISO 1.55
Atherinidae Atherina breviceps 75 3 11.52 16.22 10.10 17.15
Clupeidae Gilchristella aestuaria 50 j 1.20 1.76 0.90 1J5
Gobiidae Caffrogobius nudiceps 25 1 OJO 0.59 "21 0.43

Psammogobius knysnaensis 100 4 O.SE 0.97 0.07 0.05
Mugilidae Liza richardsonii 100 4 85.72 18.01 76.0® 23.80

.1 lugil cephalus 75 3 0.15 0.25 1.S6 2.25
Pomatomidae Pomatomus Saltatrix 50 2 0.07 0.10 3.79 5.08
Sciauklae Argyrosomus sp. 25 1 0.01 0.02 3.S9 7.79
Scyliorhinidae Haploblepharus pictus 25 ] 0.01 0.02 1.29 2.57
Syngnathidae i'vrtgnathus temmincki i 50 2 0.03 0.04 0.01 0.02
Triclidae Chelidonichthys capensis 25 1 coi 0.0? 0-00 0.00

Table 11. Major sp e c ie s  accounting  for the  similarity within op en  coo l- tem pera te  e s tuarie s ;  S i  is the 
a v e ra g e  similarity contribution of e ach  sp ec ies ;  % S i  is the  p e rcen t  contribution to the  overall 
similarity (S); SD (Si) is the  s tan dard  deviation of e a c h  sp e c ie s  to the  total similarity. Similarities 
a re  b a s e d  on p re s e n c e /a b s e n c e ,  a b u n d a n c e  and  b iom ass .

Presence/absence Abundance Biomass
Species Si % Si Si i 

SD(Si)
Si % Si SU  

SD (Si)
Si % Si SU  

SD (Si)
A. breviceps 6.9 11.51 0.S9 4.4 7.65 0.7 5 3.8 6.86 0.62
G. feliceps 6.9 11.51 0.89 2.8 4.89 0.86 5.5 9.93 0.91
L. richardsonii 16.1 26.95 3.40 34.4 59.84 3.73 33.2 59.44 2.95
M. cephalus 9.6 15.97 0.87 4.2 7.25 0.90 4.6 8.17 0.76
P. knysnaensis 16.1 26.95 3.40 8.5 14.79 2.55 5.1 9.09 2.61
Total S 59.92 57.50 55.78
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Table 12. Percent frequency of occurrence, mean percent abundance and mean percent
biomass composition of fishes in open warm-temperate estuaries (n = number
of estuaries, SD = standard deviation).

Fam ily Species Frequency Abundance Biomass
% n % SD % SD

Ambassidae Ambassis dussumieri 14 4 0.21 0.83 0.01 0.02
Ambassis natalensis 4 1 0.00 0.02 0.00 0.00
Ambassis ambassis 7 2 0.00 0.02 0.00 0.01

Anguillidae Anguilla mossambica 7 2 0.01 0.05 0.01 0.05
Antennariidae Antennarius striatus 4 1 0.00 0.00 0.00 0.00
Ariidae Galeichthys feliceps 64 18 0.58 1.03 S.74 13.08
Atherinidae Atherina breviceps 86 24 4.68 9.53 0.17 0.37
Blenniidae Omobranchus woodi 4 1 0.00 0.00 0.00 0.00
Carangidae Caranx ignobilis 4 1 0.00 0.01 0.00 0.00

Caranx, sexfasciatus 11 3 0.01 0.04 0.28 1.35
Lichia amia 64 18 0.11 0.14 4.60 5.96
Trachinotus spp. 4 1 0.00 0.02 0.00 0.00
Trachurus trachurus 4 1 0.00 0.00 0.00 0.00

Cichlidae Oreochromis mossambicus 7 2 0.02 0.09 0.02 0.12
Clinidae Clinus superciliosus 36 10 0.36 1.25 0.03 0.11
Clupeidae Etrumeus whiteheadi 4 1 0.00 0.01 0.00 0.00

Gilchristella aestuaria 93 26 30.42 21.82 1.07 1.55
Sardinops sagax 18 5 0.03 0.07 0.00 0.02

Dasyatidae D asyatis kuhlii 4 1 0.00 0.00 0.14 0.75
Elopidae Elops machnata 71 20 0.27 0.34 14.14 14.56
Engraulidae Stolephorus holodon 18 5 0.03 0.07 0.00 0.01
Gobiidae Caffrogobius gilchristi 96 27 3.10 4.45 0.13 0.16

Caffrogobius natalensis 36 10 0.17 0.41 0.01 0.01
Caffrogobius nudiceps 54 15 0.60 1.18 0.03 0.06
Glossogobius callidus 64 18 2.86 4.64 0.17 0.31
Oligolepis acutipennis 11 3 0.02 0.11 0.00 0.00
Oligolepis keiensis 21 6 0.08 0.18 0.00 0.00
Psammogobius knysnaensis 96 27 1.73 1.65 0.04 0.04

Haemulidae Pomadasys commersonnii 89 25 3.02 4.85 S.92 11.62
Pomadasys kaakan 7 2 0.01 0.02 0.00 0.01
Pomadasys olivaceus 29 8 0.31 0.91 0.04 0.13

Hemiramphidae Hemiramphus far 11 3 0.03 0.15 0.00 0.01
Leiognathidae Leiognathus equula 7 2 0.01 0.05 0.03 0.16

Secutor ruconius 4 1 0.00 0.02 0.00 0.00
Lutjanidae Lutjanus argentimaculatus 4 1 0.00 0.02 0.05 0.25
Monodactylidae M onodactylus falciformis 86 24 0.44 0.45 0.72 1.07
Mugilidae Liza dumerili 100 28 7.76 S.46 4.86 3.38

Liza macrolepis 50 14 0.23 0.80 0.42 0.68
Liza richardsonii 96 27 12.03 17.94 15.46 15.38
Liza tricuspidens 100 28 1.09 1.61 7.21 6.49
M ugil cephalus 93 26 6.38 9.73 8.89 16.88
M yxus capensis 64 18 1.54 4.52 0.88 1.37
Valamugil buchanani 39 11 0.08 0.21 2.89 6.43
Valamugil cunnesius 18 5 0.04 0.11 0.01 0.03
Valamugil robustus 32 9 0.10 0.30 0.15 0.56

23



Myliobatidae Myliobatis aquila 4 1 0.01 0.05 0.05 0.26
Odontaspididae Carcharias taurus 7 2 0.00 0.01 0.72 2.88
Platycephalidae Platycephalus indicus 21 6 0.09 0.41 0.11 0.27
Pomatomidae Pomatomus saltatrix 46 13 0.10 0.29 0.47 1.68
Rajidae Rafa miraletes 4 1 0.00 0.00 0.00 0.00
Sciaenidae Argyrosomus japonicus too 28 1.15 1.88 12.69 9.01

Johnius dorsalis 4 1 0.00 0.02 0.01 0.05
Siganidae Siganus sutor 4 1 0.00 0.01 0.00 0.00
Sillaginidae Sillago sihama 4 1 0.00 0.00 0.00 0.00
Soleidae Heteromycteris capensis 64 18 0.46 0.77 0.01 0.01

Solea bleekeri 86 24 1.39 3.28 0.04 0.05
Sparidae Acanthopagrus vagus 21 6 0.39 1.92 0.20 0.64

Diplodus hottentotus 21 6 0.02 0.06 0.00 0.02
Diplodus capensis 57 16 1.29 3.75 0.03 0.08
Gymnocrotaphus curvidens 4 1 0.00 0.01 0.00 0.00
Lithognathus lithognathus 79 22 0.73 1.17 1.81 3.74
Rhabdosargus globiceps 39 11 0.30 0.72 0.03 0.10
Rhabdosargus holubi 96 27 15.06 13.39 3.24 2.49
Rhabdosargus sarba 4 1 0.00 0.01 0.06 0.29
Sarpa salpa 32 9 0.52 1.97 0.08 0.26

Sphyraenidae Sphyraena jello 4 1 0.01 0.03 0.09 0.47
Syngnathidae Hippichthys spicifer 4 1 0.00 0.01 0.00 0.00

Syngnathus temminckii 32 9 0.04 0.09 0.00 0.01
Syngnathus watermeyeri 4 1 0.00 0.01 0.00 0.00

Teraponidae Terapon jarbua 11 3 0.02 0.06 0.01 0.06
Tetraodontidae Amblyrhynchotes honckenii 21 6 0.02 0.04 0.01 0.03
Torpedinidae Torpedo fuscamaculata 14 4 0.01 0.02 0.11 0.31

Torpedo sinusperci 14 4 0.01 0.01 0.08 0.23

Table 13. Major sp e c ie s  accounting for the  similarity within open  w arm - tem p era te  e s tuarie s ;  S i is the 
a v e ra g e  similarity contribution of e ach  sp ec ies ;  % S i  is the  percen t  contribution to the  overall 
similarity (S); SD (Si) is the  s tan dard  deviation of e a ch  sp e c ie s  to the  total similarity. Similarities 
a re  b a s e d  on p re s e n c e /a b s e n c e ,  a b u n d a n c e  and  b iom ass .

Presence/absence Abundance Biomass
Species Si %  Si S il  

SD (Sí)
Si % Si S il  

SD (Si)
Si %  Si S il  

SD (Si)
A. japonicus 1.4 2.15 0.97 1.5 2.52 2.47 7.0 11.46 4.39
A. breviceps 2.7 4.35 1.38 2.9 4.97 1.24 1.0 1.71 1.13
C. gilchristi 2.8 4.39 1.47 2.4 4.15 1.63 1.7 2.72 2.20
D. capensis 1.3 2.02 0.67 0.9 1.60 0.64
E. machnata 1.9 3.04 0.98 1.3 2.27 0.92 3.4 5.58 0.96
G. feliceps 1.8 2.82 0.80 1.2 2.11 0.77 2.5 4.03 0.76
G. aestuaria 3.8 5.99 2.19 4.7 8.13 2.04 2.7 4.39 2.07
G. callidus 1.6 2.49 0.82 1.7 2.94 0.75
H. capensis 1.6 2.52 0.80 1.1 1.98 0.77
L. amia 1.6 2.62 0.81 0.9 1.60 0.81 2.1 3.37 0.79
L. lithognathus 2.7 4.22 1.20 1.7 2.93 1.13 1.7 2.72 0.90
L. dumerili 4.5 7.07 5.13 5.3 9.19 3.53 5.2 8.49 4.29
L. richardsonii 4.1 6.58 2.89 5.1 8.79 1.85 6.3 10.29 2.19
L. tricuspidens 3.2 5.00 1.83 2.1 3.71 2.62 5.4 8.91 3.57
M. falciformis 3.1 4.87 1.58 2.1 3.56 1.48 1.7 2.78 1.21
M. cephalus 3.6 5.79 2.15 3.4 5.83 1.81 4.1 6.79 1.71
M. capensis 1.6 2.54 0.79 1.1 1.91 0.74
P. commersonnii 2.3 3.68 1.19 1.8 3.10 1.36 4.2 6.93 1.42
P. knysnaensis 4.1 6.56 2.89 3.9 6.68 2.73 1.4 2.21 2.37
R. holubi 4.1 6.46 2.94 6.3 10.82 2.48 4.0 6.55 2.47
S. bleekeri 3.0 4.82 1.58 2.3 4.03 1.42 1.0 1.64 1.42
Total S 62.97 57.86 61.07
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Table 14. Percent frequency of occurrence, mean percent abundance and mean percent
b iomass composition of fishes in open subtropical es tuaries (n = number of
estuaries, SD = standard deviation).

Fam ily Species
Frequency Abundance Biomass
% n % SD % SD

Ambassidae Ambassis dussumieri 50 5 6.94 11.72 0.35 0.56
Ambassis natalensis 80 8 2.17 2.70 0.05 0.06
Ambassis ambassis 40 4 0.20 0.27 0.21 0.43

Atherinidae Atherina breviceps 20 2 0.61 1.30 0.02 0.04
Bothidae Pseudorhombus arsius 10 1 0.05 0.16 0.01 0.04
Carangidae Caranx heberi 10 1 0.00 0.01 0.00 0.00

Caranx ignobilis 80 8 1.62 1.56 0.94 1.84
Caranx papuensis 30 3 0.03 0.06 0.19 0.39
Car a m  sexfasciatus 90 9 1.77 1.92 3.59 5.21
Lichia amia 20 2 0.02 0.04 1.03 2.40
Scomberoides lysan 70 7 1.55 3.81 0.03 0.06

Cichlidae Oreochromis mossambicus 30 3 0.16 0.35 0.26 0.64
Tilapia rendalli 10 1 0.01 0.04 0.00 0.00

Clariidae Clarias gariepinus 30 3 0.07 0.11 2.17 3.81
Clupeidae Gilchristella aestuaria 80 8 15.70 22.85 0.52 1.00

Hilsa kelee 90 9 0.95 0.95 4.67 4.52
Eleotridae Eleotris fu sca 10 1 0.01 0.02 0.00 0.00
Elopidae Elops machnata 100 10 0.41 0.31 10.34 8.17
Engraulidae Engraulis japonicus 20 2 0.16 0.44 0.00 0.00

Stolephorus holodon 40 4 0.77 1.91 0.01 0.02
Thryssa setirostris 20 2 0.02 0.04 0.00 0.00
Thryssa vitrirostris 50 5 0.93 1.33 1.14 1.91

Gerreidae Gerres longirostris 10 1 0.07 0.23 0.00 0.01
Gerres macracanthus 10 1 0.01 0.04 0.00 0.00
Gerres methueni 30 3 0.88 1.67 0.07 0.18

Gobiidae Caffrogobius gilchristi 50 5 1.54 3.27 0.03 0.07
Caffrogobius natalensis 20 2 0.05 0.10 0.00 0.00
Favonigobius reichei 20 2 0.07 0.17 0.00 0.00
Glossogobius callidus 100 10 4.19 5.57 0.07 0.11
Glossogobius giuris 40 4 0.24 0.54 0.01 0.02
Oligolepis acutipennis 80 8 0.69 0.92 0.01 0.01
Oligolepis keiensis 80 8 0.61 0.73 0.01 0.01
Periopthalmus koelreuteri 20 2 0.01 0.03 0.00 0.00
Psammogobius biocellatus 10 1 0.02 0.06 0.00 0.00
Psammogobius knysnaensis 30 3 0.10 0.27 0.00 0.00
Silhouettea sibayi 10 1 0.04 0.14 0.00 0.00

Haemulidae Pomadasys commersonnii 100 10 3.33 3.01 4.15 5.03
Pomadasys kaakan 30 3 0.23 0.50 0.23 0.48
Pomadasys olivaceus 10 1 0.90 2.86 0.02 0.06

Leiognathidae Leiognathus equula 90 9 3.21 4.64 0.64 0.79
Lutjanidae Lutjanus argentimaculatus 50 5 0.06 0.08 2.33 5.24

Lutjanus fulviflam ma 10 1 0.01 0.02 0.00 0.00
Megalopidae M egalops cyprinoides 40 4 0.12 0.20 3.14 6.71
Monodactylidae M onodactylus argenteus 20 2 0.03 0.06 0.02 0.03

M onodactylus falciform is 40 4 0.05 0.12 0.05 0.11
Mugilidae Liza alata 100 10 0.92 0.94 14.86 14.31

Liza dumerili 100 10 14.73 11.57 4.57 3.08
Liza macrolepis 100 10 6.04 6.95 3.88 2.74
Liza melinoptera 20 2 0.01 0.03 0.06 0.13
Liza tricuspidens 70 7 0.34 0.63 1.03 2.82
M ugil cephalus 100 10 3.36 3.06 10.16 6.19
M yxus capensis 90 9 1.13 1.29 3.63 4.51
Valamugil buchanani 70 7 1.06 1.52 8.69 11.57
Valamugil cunnesius 100 10 6.77 9.73 3.50 4.70
Valamugil robustus 70 7 0.96 1.83 0.78 0.87
Valamugil seheli 50 5 0.85 2.43 0.04 0.07
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Mullidae Upeneus vittatus 20 2 0.09 0.20 0.01 0.01
Platycephalidae Platycephalus indicus 30 3 0.13 0.24 0.24 0.49
Polynemidae Polydactylus plebeius 10 1 0.00 0.01 0.03 0.08
Pomatomidae Pomatomus saltatrix 30 3 0.06 0.09 0.10 0.31
Scianidae Argyrosomus japonicus 100 10 0.72 0.71 8.97 11.40
Serranidae Epinephelus malabaricus 30 3 0.04 0.07 0.01 0.03
Silliaginidae Sillago sihama 20 2 0.07 0.19 0.01 0.03
Soleidae Solea bleekeri 70 7 1.26 1.76 0.03 0.04
Sparidae Acanthopagrus spp. 90 9 0.88 0.74 1.21 1.54

Diplodus capensis 10 1 0.02 0.06 0.05 0.15
Lithognathus lithognathus 10 1 0.00 0.01 0.06 0.19
Rhabdosargus holubi 100 10 6.91 6.12 0.99 1.02
Rhabdosargus sarba 40 4 0.35 0.82 0.24 0.48

Sphyraenidae Sphyraena jello 30 3 0.05 0.08 0.30 0.66
Syngnathidae Hippichthys heptagonus 10 1 0.01 0.02 0.00 0.00

Hippichthys spicifer 10 1 0.01 0.02 0.00 0.00
Teraponidae Terapon jarbua 100 10 1.46 1.31 0.13 0.08
Tetraodontidae Amblyrhynchotes honckenii 60 6 0.99 1.70 0.07 0.10

Arothron immaculatus 20 2 0.03 0.05 0.01 0.03
Chelonodon laticeps 40 4 0.12 0.27 0.04 0.13

Table 15. Major s p e c ie s  accounting  for the  similarity within op en  subtropical e s tua r ie s ;  S i  is the  
a v e ra g e  similarity contribution of e a c h  sp e c ie s ;  % S i  is th e  p e rcen t  contribution to the  
overall similarity (S); SD (Si) is the  s tand ard  deviation of e ach  sp e c ie s  to the  total similarity. 
Similarities a re  b a s e d  on p re s e n c e /a b s e n c e ,  a b u n d a n c e  and  b iom ass .

Species S i %  S i S i /
SDf.S'i)

S i % Si S i i 
SD(6ï)

S i % Si S i /
SD(iS/j

Acanthopagrus spp. 2.5 3.97 1.87 1.9 3.23 1.75 1.8 2.90 1.74
A  natalensis 1.8 2.93 1.17 1.6 2.71 1.16 0.7 1.10 1.05
A  honckenii 0.6 0.92 0.44 0.7 1.14 0.54
A  japonicus 1.3 2.07 1.11 1.4 2.40 2.71 3.9 6.48 3.70
C. ignobilis 0.7 1.21 1.03 1.1 1.85 1.10
C. sexfasciatus 1.3 2.17 1.29 1.2 2.13 1.74 2.1 3.39 1.25
E. machnata 3.2 5.22 5.65 2.2 3.76 4.95 4.2 7.01 2.58
G. aestuaria 1.9 3.01 1.23 2.0 3.48 1.00 0.9 1.55 1.00
G. callidus 3.2 5.22 5.65 3.2 5.42 2.79 1.1 1.90 3.24
H. kelee 2.5 3.97 1.87 1.9 3.32 1.83 3.0 5.02 1.90
L. equula 2.5 3.97 1.87 2.1 3.68 1.64 1.6 2.72 1.69
L. alata 3.2 5.22 5.65 2.4 4.20 4.02 4.9 8.09 2.67
L. dumerili 3.2 5.22 5.65 5.5 9.43 3.84 4.0 6.55 4.09
L. macrolepis 3.2 5.22 5.65 3.6 6.26 4.44 3.6 5.97 3.82
L. tricuspidens 0.9 1.41 0.67 0.7 1.26 0.84 0.6 1.05 0.80
L. argentimaculatus 0.6 0.96 0.52 0.6 0.97 0.49
M. cephalus 2.2 3.60 2.07 1.8 3.14 3.11 5.0 8.20 3.30
M. capensis 0.8 1.30 0.86 1.0 1.73 1.54 2.1 3.46 1.23
O. acutipennis 1.9 3.10 1.23 1.4 2.43 1.18 0.6 0.97 1.16
O. keiensis 1.9 3.01 1.23 1.3 2.30 1.18
P. commersonnii 3.2 5.22 5.65 3.0 5.12 4.83 3.0 5.03 3.39
R. holubi 3.2 5.22 5.65 3.8 6.51 2.51 2.3 3.77 2.65
S. lysan 1.0 1.55 0.71 0.8 1.34 0.84
S. bleekeri 1.4 2.26 0.90 1.3 2.15 0.84
T. jarbua 2.5 4.05 2.40 2.2 3.86 2.46 1.7 2.83 7.27
T. vitrirostris 0.6 1.00 0.52
V. buchanani 0.9 1.40 0.77 0.9 1.47 0.82 1.9 3.20 0.79
V. cunnesius 3.2 5.22 5.65 3.2 5.45 3.94 2.7 4.49 2.87
V. robustus 1.5 2.36 0.91 1.2 1.99 0.88 1.1 1.84 0.80
V. seheli 0.8 1.37 0.53
Total S 61.85 58.21 60.51
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Table 16. Major s p e c i e s  accoun t ing  for the  dissimilarity b e tw ee n  o p en  c o o l- te m p e ra te  and  o pen  
w arm - tem p era te  e s tuarie s ;  ä / is the  a v e ra g e  dissimilarity contribution of e a c h  sp ec ies ;  % ä / 
is the  p ercen t  contribution to the  overall dissimilarity (ä); SD (ä/) is the s t an d a rd  deviation of 
e a c h  sp e c ie s  to the  total dissimilarity.

Presence/absence Abundance Biomass
Species b i % ÖI b i l

SD(öx)
Oí % ôi b i l

SD(öx)
öx %  bi b i l

SD(öij
A . ja p o n icu s 5.75 7.82 3.66
A . b reviceps 3.71 5.18 1.37 2.91 3.95 1.26
C. g ilch ris ti 2.SO 4.08 1.85 2.69 3.75 1.58
E. m achnata 2.23 3.25 1.51 4.16 5.66 1.45
G. fe licep s 2.89 3.93 1.23
G. aestuaria 1.91 2.78 0.94 3.31 4.62 1.31
G. ca llidus 2.01 2.92 1.30 2.72 3.80 1.15
H. capensis 2.10 3.06 1.26
L. am ia 2.11 3.08 1.25 2.86 3.89 1.24
L. lithogna thus 2.73 3.98 1.66 2.14 2.99 1.45
L. dum erili 3.54 5.16 3.88 5.01 6.99 3.30 4.37 5.94 4.08
L. m acro lep is
L . r ichardson ii 4.98 6.96 1.92 3.69 5.01 1.83
L. tr icu sp id en s 2.98 4.34 2.17 4.74 6.44 3.26
A4, fa lc ifo rm is 2.SS 4.19 2.15 2.19 3.06 1.94
A4, cephalus 2.31 3.22 1.62
A4, capensis 2.09 3.05 1.24
P. com m erso n n ii 2.49 3.63 1.74 4.42 6.00 1.68
R. ho lub i 3.37 4.91 3.09 5.94 8.29 2.95 3.65 4.96 3.05
S. b leekeri 2.85 4.16 2.16 2.51 3.51 1.65
Total ô 68.59 71.61 73.56

Table 17. Major s p e c i e s  accoun ting  for the  dissimilarity b e tw een  op en  w a rm - te m p e ra te  and  open  
subtropical e s tuarie s ;  a / i s  the  a v e ra g e  dissimilarity contribution of e ach  sp ec ies ;  % a / i s  the 
p e rcen t  contribution to the  overall dissimilarity (ä); SD (ä/) is the  s tan d a rd  deviation of e ach  
sp e c i e s  to the total dissimilarity.

Species bi % bi b i l
SD(öxj

öx °/o bi b i l
SD(öi)

öx °/o bi b i l
SD(öi)

A canthopagrus vagus 1.36 2.18 1.56 1.26 1.96 1.88 1.35 2.20 1.92
A . nata lensis 1.40 2.25 1.67 1.33 2.07 1.62
A . breviceps 1.26 2.04 1.42 2.00 3.12 1.44
C. g ilchristi 1.33 2.14 1.83 1.36 2.11 1.44
C. sexfascia tus 1.14 1.84 1.73 1.82 2.97 1.41
D. capensis 1.01 1.62 1.08 1.10 1.71 0.99
E. m achnata 1.71 2.77 1.22
G. feliceps 1.20 1.93 1.28 1.10 1.71 1.16 2.06 3.35 1.14
G. aestuaria 1.43 2.22 1.06
G. callidus 1.64 2.55 1.50
H. capensis 1.14 1.83 1.27
H. kelee 1.64 2.64 2.64 1.45 2.26 2.44 2.28 3.71 2.66
L. equula 1.54 2.49 2.12 1.74 2.71 1.91 1.27 2.07 2.05
L. am ia 1.07 1.73 1.14 1.67 2.71 1.21
L. lithognathus 1.36 2.19 1.53 1.28 1.98 1.40 1.31 2.13 1.16
L. alata 1.88 3.02 5.27 1.59 2.47 3.11 3.39 5.52 2.65
L. m acrolepis 1.43 2.31 1.82 1.72 2.68 2.22 1.73 2.82 1.81
L. richardsonii 1.81 2.92 3.65 3.07 4.78 2.09 3.31 5.38 2.43
L. tricuspidens 1.98 3.21 1.82
AI. falciform is 1.09 1.76 1.12 1.10 1.71 1.51
AI. cephalus 1.22 1.90 1.48 1.25 2.03 1.20
Al. capensis 1.49 2.43 1.38
O. acutipennis 1.35 2.18 1.57 1.09 1.70 1.52
O. keiensis 1.22 1.97 1.36
P. com m ersonnii 1.30 2.12 1.20
P. knysnaensis 1.28 2.07 1.38 1.74 2.70 2.06
R. holubi 1.71 2.66 1.61
S. lysan 1.06 1.71 1.16
T. jarbua 1.59 2.56 2.62 1.46 2.02 2.27
V. buchanani 1.98 3.23 1.18
V. cunnesius 1.63 2.62 2.36 2.10 3.27 2.26 1.93 3.13 2.58
V. robustus 1.07 1.73 1.11
V. seheli 1.03 1.65 0.98
Total ö 62.09 64.31 61.48
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