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The ichthyofaunal composition of the Mngazi and 
Mngazana estuaries: a comparative study

Sekiwe Mbande1, Alan Whitfield2* & Paul Cowley2

ABSTRACT

The fish com m unity  stru c tu res  o f tw o con trasting  estuaries, one w ith  a w ell dev e lo p ed  m angrove 
forest (M ngazana) an d  the o ther w ith o u t m angroves (M ngazi) w ere  com pared . M em bers o f the 
M ugilidae an d  G obiidae fam ilies d o m in a ted  the catch com position  in  bo th  estuaries. In te rm s of 
es tu ary -d ep en d en ce  categories, eu ryha line  m arin e -sp aw n in g  taxa d o m in a ted  in bo th  estuaries, 
em phasising  the im portance o f estuarine  hab ita ts as n u rse ry  areas. The M ngazi E stuary  con tained  
18% m ore estuarine-spaw ning  fishes in te rm s o f abundance  th an  the M ngazana E stuary, p robab ly  
d u e  to  the  red u ced  tida l influence caused  by a n a rro w  m o u th  opening . C onversely , the  h ig h er 
d iversity  o f species in the M ngazana E stuary  (66 versus 49) w as a ttr ib u ted  to the g rea te r influence 
o f the  m arine  en v iro n m en t d u e  to the  w id e  p e rm an en tly  open  m o u th  as w ell as the  p resence o f a 
w id e r v arie ty  o f h ab ita ts  in  th is  system . S im ilarity  analysis revealed  no  sign ifican t correlations 
betw een  the fish co m m unity  s tru c tu re  an d  the physica l p ro p ertie s  (salinity, tem p era tu re  and  
tu rb id ity ) th a t w ere  investiga ted  in bo th  estuaries. A  geograph ic  d iv ision  o f the estuaries into 
low er, m id d le  an d  u p p e r  reaches revealed  g rea test ab u n d an ce  (CPUE) in  the  m id d le  reaches and  
h ighest d iversity  in the low er an d  m idd le  reaches o f both  estuaries. Tropical an d  tem pera te  species 
w ere  reco rded  in bo th  estuaries, th u s  confirm ing  the b iogeograph ica l transitio n a l n a tu re  o f these 
system s (i.e. s itua ted  close to the b o undary  betw een the subtropical an d  w arm  tem perate  regions of 
the so u th e rn  A frican coastline). H ow ever, con tra ry  to p rev io u s stud ies, w h ich  reco rded  seasonal 
changes in the p roportions o f tropical and  tem perate  species, the p roportions o f tro p ica l/tem p era te  
species rem ain ed  u n ch an g ed  at 71% d u rin g  the Jan u ary  an d  June sam p lin g  occasions. G lobal 
w arm in g  as a possible reason  for the increased dom inance o f trop ical species irrespective of season 
is d iscussed.
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The ichthyofaunal composition of the Mngazi and 
Mngazana estuaries: a comparative study

Sekiwe Mbande, Alan Whitfield & Paul Cowley

INTRODUCTION

Ichthyological research in the E astern  C ape Province of 
S outh  A frica has been conducted  largely  on system s 
betw een  the K rom m e an d  G reat Fish estuaries, w h ich  
excluded  the fo rm er Ciskei an d  Transkei regions of this 
p rovince. The availab ility  o f p u b lish ed  in fo rm ation  on 
m ost estuaries in the Transkei region ranges from  lim ited 
to none at all (W hitfield 2000). Branch & G rindley  (1979) 
co n d u cted  a p re lim in ary  investiga tion  in to  the overall 
ecology, inc lud ing  th a t o f the fish com m unity , o f the 
M ngazana Estuary . O ther m ore  focused  s tu d ies  on the 
b io ta  o f  th e  M n g a z a n a  in c lu d e d  th e  Z o o p la n k to n  
(W ooldridge 1977), m eiofauna (Dye 1979, Dye 1983a,b 
& c) and  m angrove crabs (Em m erson 1990, Em m erson & 
M cG w ynne 1992).

T he c o m p o s itio n  a n d  d is t r ib u t io n  o f f ish es  in  
e s tu a r ie s  is d e te rm in e d  by p h y s ic a l a n d  ch em ica l 
conditions, as w ell as biological in terac tions (W hitfield 
1996). In E astern  C ape estuaries, the  fish com m unity  
com position  is d e te rm ined  p rim arily  by the response of 
in d iv id u a l species to  physico-chem ical conditions such  
as sa lin ity , tem p era tu re , tu rb id ity  an d  m o u th  phase  
(V orw erk et al. 2003). The lo n g itu d in a l d is trib u tio n  of 
species w ith in  an  estu ary  is ind icative o f the  hab ita t 
o ccup ied  a n d  d iffe ring  physico -chem ical co n d itions 
a long  the system . H anekom  & B aird (1984) fo u n d  th a t 
juven iles o f som e m arine  m ig ran ts  h a d  a preference for 
eelgrass h ab ita ts  in the  K rom m e E stuary. It has been 
su g g e s te d  th a t su b m e rg e d  m ac ro p h y te s  offer these  
juven iles p ro tec tion  from  p red a to rs  as w ell as a reliable 
source o f food (Russell 1996, Paterson & W hitfield 2000). 
W hitfield  (1986) reco rded  a decline in  the catch p e r un it 
effort o f these species in the  Sw artv lei E stuary  an d  this 
w a s  a ttr ib u te d  to  th e  loss o f  ex ten siv e  su b m e rg e d  
m acrophy te  hab ita ts. T hus altera tions in the physical 
cond itions such  as h ab ita t s tru c tu re  w o u ld  be expected  
to  resu lt in changes in  the  fish com m unity  s tru c tu re  
o w ing  to  the  effect th a t th is  change w o u ld  have on the 
ab u n d an ce  an d  com position  o f species associated  w ith  
it. The in te ra c tio n s  b e tw e e n  th e  v a r io u s  p h y s ica l, 
chemical and  biological properties therefore explain w hy  
the ecology o f estuaries d isp lay  changes in tim e an d  
space. A  go o d  u n d e rs ta n d in g  o f these in terac tions is 
im p o rtan t if estuarine  function ing  an d  the conservation  
o f estuarine  b iod iversity  are to  be ensured .

The d is trib u tio n  o f fish in estuaries is often  linked  to 
the  sa lin ity  reg im e p rev a ilin g  in  d iffe ren t p a rts  o f a 
sy s te m  (W h itfie ld  1998). T h ere  is u su a lly  a d ire c t 
re la tionsh ip  betw een  salin ity  an d  fish species richness 
an d  d iversity , w ith  bo th  species richness an d  d iversity  
decreasing w ith  declining salinity from  the m ou th  region 
to  the e stu ary  h ead  (M arais 1988). W ater tem p era tu re  
also  affects fish  c o m m u n itie s  w ith in  e s tu a rie s . For 
ex am p le , a s u d d e n  d ec lin e  in  te m p e ra tu re  cau sed

extensive fish m ortalities in the  St Lucia E stuary  (Cyrus 
& M clean 1996), w hile  a p rev io u s fish kill in the sam e 
system  w as attribu ted  to  a com bination of extrem ely low  
salin ities an d  tem p era tu res  (Blaber & W hitfield  1976). 
Conversely, salin ity  w as no t an  over-rid ing  factor in the 
K ariega  E s tu a ry  w h e re  no  s ig n ific a n t lo n g itu d in a l 
c h a n g e s  w e re  a p p a r e n t  in  th e  f ish  c o m m u n it ie s  
associated w ith  eelgrass beds, despite a reversed  salinity 
g ra d ie n t be ing  p re se n t in  the  sy stem  a t th e  tim e  of 
sa m p lin g  (Ter M o rsh u iz e n  & W h itfie ld  1994). In  a 
su b seq u en t K ariega s tu d y , w h en  a rev e rsed  sa lin ity  
g rad ien t w as absent, W hitfield  & Paterson  (2003) found  
th a t  a c o m b in a tio n  o f  s a l in i ty ,  t e m p e r a tu r e  a n d  
p e rc e n ta g e  v e g e ta t io n  c o v e r  in f lu e n c e d  th e  f ish  
com m unity  structure . Therefore, w hile  som e ind iv idual 
factors do no t have a significant effect on the structu ring  
o f fish com m unities in certain  system s, a com bination  of 
s u c h  fa c to r s  m a y  d e te r m in e  th e  s t r u c tu r e  o f  
ich thyofaunal assem blages w ith in  these  estuaries.

Juveniles o f estuary -assoc ia ted  m arine  species are 
a ttrac ted  to  shallow  tu rb id  w a te rs  an d  a long  the east 
coast o f A frica such  areas are only  fo u n d  in  estuaries 
(B laber & B laber 1980). It h a s  been  su g g e s te d  th a t 
tu rb id ity  p ro v id es  juven ile  fish w ith  p ro tec tion  from  
v isu a l p red a to rs  such  as certa in  p isc ivorous fish an d  
birds, as w ell as increased  feed ing  success (Blaber & 
B laber 1980, P a te rso n  & W hitfie ld  2000a, 2000b). In 
estuaries, v isual p redato rs are adversely  affected by high 
tu rb id ity  w h ile  n o n -v isu a l p re d a to rs  are  re la tiv e ly  
unaffec ted  (C yrus & Blaber 1987a). This reduces in te r­
specific com petition  in th a t d ifferen t types o f p red a to rs  
en d  u p  forag ing  in d iffe ren t p a rts  o f the estuary , as 
tu rb id ity  g rad ien ts  u sua lly  exist be tw een  the estuary  
m o u th  an d  the head. In the St Lucia system , juven iles of 
m arine species show ed preferences for different turbid ity  
levels a n d  th is  re su lte d  in  d iffe re n tia l d is tr ib u tio n  
p a tte rn s  (C yrus & Blaber 1987a, 1987b). In the  case of 
ce rta in  p isc iv o ro u s  species (e.g. Caranx sexfasciatus) 
juveniles an d  adu lts have different tu rb id ity  preferences 
and  therefore forage in different parts of the estuary, thus 
reducing  intra-specific p red a tio n  (Blaber & C yrus 1983).

E stuarine fish com m unities also d isp lay  seasonal 
changes. Seasonal varia tions in species com position  are 
p r im a r i ly  d u e  to  th e  b re e d in g  cycles o f  e s tu a r in e  
residents and  the m ovem ents o f m arine m igran t species, 
w ith  bo th  fish  g ro u p s  being  s tro n g ly  in flu en ced  by 
s e a s o n a l  c h a n g e s  in  e n v i r o n m e n ta l  c o n d i t io n s .  
In fo rm ation  on fish species com position , d is trib u tio n  
an d  seasonal changes is im p o rtan t in  o rd e r to  better 
u n d e rs ta n d  the  dynam ics o f these com m unities. This 
also  has an  im p o rta n t b earin g  on th e  m an ag em en t, 
co n se rv a tio n  an d  u tiliza tio n  o f n a tu ra l resou rces in 
estuaries.

The p rim ary  objective o f th is s tu d y  w as to  com pare 
th e  fish  a ssem blages o f  tw o  ad jacen t es tu a rie s , one
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Table 1. Physical characteristics of the M ngazi and M ngazana estuaries (after C o llo ty e t al. 1999).

Mngazi M ngazana

Catchm ent size (km2) 591 365

Mean annual run-off (m3) 87 62

Estuary length (km) 6.5 6 0

Surface area  (ha) < 100 105 (excl mangrove swamp)

Average depth (m) 1.99 1.31

Mouth condition Mostly open Permanently open

con ta in ing  an  extensive m angrove  forest (M ngazana) 
an d  the o ther dev o id  o f any  m an g ro v e  trees (M ngazi). 
The s tu d y  also a im ed  to  (i) investigate  the  tem p o ra l 
changes in species com position w ith in  the tw o estuaries, 
(ii) com pare the  d is trib u tio n  an d  h ab ita t p references of 
the  ich th y o fau n a  w ith in  the  tw o  estu a rie s , a n d  (iii) 
com pare the fish assem blages in term s of their geographic 
origins.

STUDY SITE

The M ngazana an d  M ngazi estuaries are s itu a ted  to  the 
so u th  east o f Port St Johns w ith in  the sub trop ica l region 
o f the E astern  C ape P rovince (South Africa) an d  reach 
the sea on the co -ord inates 31° 41’ S, 29° 25’ E an d  31° 
40’ S, 29° 27’ E, respectively.

The M ngazana R iver is ab o u t 150 km  long b u t the 
e stuarine  p o rtio n  is only  6 km  (Day 1981). A  w e ir bu ilt 
u n d e r  the bridge th a t crosses the river (Figure 1) m arks 
the u p p e r lim it o f the estuary  as w a te r above this w eir is 
fresh. Tw o m in o r trib u ta ries  jo in  the  e stu ary  directly , 
one in the m outh  region and  the other in the low er reaches 
(Figure 1). Both tributaries are shallow  and  do no t exceed 
2 m  in dep th  for m ost o f the ir length  (Branch & G rindley  
1979). The m outh  of the estuary opens into a broad lagoon 
w ith  c e n tra l  in te r t id a l  s a n d  b a n k s  a ro u n d  w h ic h  
channels have form ed. The w este rn  channel is deep  and  
ranges betw een  3.5 m  and  4 m  for m ost of its course. The 
low  tide  d e p th  is ab o u t 2.5 m  in the  low er reaches, 
increasing  to  3 - 4 m  in the m id d le  reaches, p a rticu la rly  
on the o u te r bends. The estu ary  shallow s to  a low  tide 
d ep th  of abou t 0.25 m  in the u p p e r reaches bu t increases 
again  to about 1 m  at the head  region (W ooldridge 1977). 
The M ngazana E stuary  has extensive san d  banks in  the 
low er reaches and  m o u th  region, bu t because of the large 
tid a l p rism  the m o u th  is k ep t p e rm an en tly  open. The 
w est bank  o f the  e stu ary  has a rocky p ro m o n to ry  th a t 
p rev en ts  fu rth e r m o v em en t o f the m o u th  in  a w esterly  
d irec tio n  an d  p ro tec ts  th e  en tran ce  from  long sh o re  
cu rren t san d  deposition . The san d  d u n es  on the east 
bank  o f the  m o u th  are w ell veg e ta ted  an d  stable. The 
M n g a z a n a  E s tu a ry  is w e ll k n o w n  fo r its co m p lex  
m angrove  system  w ith  an  ex ten t o f app rox im ate ly  145 
ha  (Colloty et a í 1999).

T he M n g az i E s tu a ry  is a b o u t 6.5 k m  in  le n g th  
(H arrison  et al. 1998), w ith  the m ain  channel rang ing  
b etw een  50 m  an d  170 m  in w id th  (Day 1981). D ep th  at 
m ean  sea level (MST), m easu red  at va rious po in ts  from

the m ou th  to the u p p er reaches, revealed tha t the M ngazi 
E stuary  is genera lly  shallow  (<2 m) w ith  som e deep er 
sections (up to  9 m) in  the  m id d le  reaches. The m o u th  
reg ion  is u sua lly  shallow  (about 0.5 m) b u t there  are 
deep e r sections (about 1.2 m) d ep en d in g  on the  sta te  of 
the m ou th  (H arrison et al. 1998). The p redom inantly  open 
m o u th  is sep a ra ted  from  the sea by a w id e  san d  b arrier 
an d  n a rro w  m o u th  th a t lim its the  influence of the sea on 
the estuary. In addition , u n d er low  river flow conditions, 
the estuary  flows over a rocky sill on the east bank before 
en te ring  the sea. This sill is p erch ed  an d  as a resu lt tida l 
a m p l i tu d e  is r e d u c e d .  D u r in g  m a x im u m  b e rm  
developm ent, tidal flows m igh t occasionally fail to reach 
the  estuary  even th o u g h  an ou tflow  channel is p resen t 
(H arrison  et al. 1998). The sta te  o f the m o u th  an d  hence 
tid a l exchange w ith in  the e stu ary  is m ain ly  d ep en d en t 
u p o n  river flow. The m o u th  som etim es closes for sh o rt 
p e r io d s  w h e n  r iv e r  flo w  is re d u c e d , w ith  fu r th e r  
freshw ater abstraction in the catchm ent likely to increase 
the  frequency  an d  d u ra tio n  o f closed m o u th  conditions 
(H arrison  etal. 1998).

A  su rvey  conducted  by H arrison  etal. (1998) revealed 
th a t the w a te r  q u a lity  o f the  M ngazi an d  M ngazana 
estuaries is good. The su itab ility  o f the  w a te r  in both  
estuaries for aquatic life w as slightly  im paired  prim arily  
du e  to  h igh  oxygen abso rbed  levels an d  low  bottom  
d isso lved  oxygen concentrations. A  su m m ary  o f the 
m ain  physica l characteristics o f the  s tu d y  estuaries is 
g iven  in Table 1.

MATERIALS AND METHODS 

Physico-chemical environment during fish sampling

W ater tem p era tu re  w as m easu red  approx im ate ly  0.5 m  
below  the surface using  a m ercu ry  therm om eter. W ater 
sam ples w ere also collected at the sam e sites (and depth) 
for su b seq u en t analysis o f salin ity  an d  tu rb id ity  in  the 
laborato ry . Salin ity  (%o) w as assessed  using  a Reichert 
optical refractom eter and  turb id ity  (NTU) w as m easured  
w ith  a H ach 2100A tu rb id im eter.

Ichthyofaunal sampling

Fish w ere sam pled during  sum m er 0anuary) 2001, w in ter 
(June) 2001 an d  su m m er (January) 2002. Sam pling  w as 
con d u cted  over th ree  to  four consecutive days at each 
e s tu a ry  d u rin g  each  fie ld  trip . S am p lin g  sites w ere
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located th ro u g h o u t the estuary  (including upper, m iddle 
an d  low er reaches) an d  w ere  selected  d e p en d in g  on 
accessibility , w ith  a bias to w ard s  sam p lin g  as m any  
d if fe re n t h a b ita ts  as p o ss ib le . C a p tu re d  fish  w ere  
identified, coun ted  an d  w henever possible re tu rn ed  live 
to  the  w ater. Specim ens th a t could  no t be iden tified  in 
the field w ere  p rese rv ed  for la ter iden tification  using  
Sm ith  & H eem stra  (1986). In ad d ition , rep resen ta tive  
sam ples w ere  k ep t as voucher specim ens.

M onofilam ent gili nets w ere used  du ring  the sum m er 
an d  w in te r o f 2001. These nets, ta rg e tin g  adu lts  o r large 
ind iv iduals o f m arine-spaw ning  and  freshw ater species, 
w ere set in the evening (18h00 - 19h00) and  lifted at daw n  
(05h00 - 06h00) on the  fo llow ing day. A  to tal of n ine gili 
n e ts  w e re  u se d  in  each  e s tu a ry  on  each  sa m p lin g  
occasion, w ith  th ree  nets set in the low er, m id d le  an d  
u p p e r reaches respectively. Each net w as 10 m  long, 2 m  
in d ep th  an d  com prised  th ree equal panels o f 45 m m , 75 
m m  an d  100 m m  stre tch  m esh. C atch p e r u n it effort 
(CPUE), as a m easure of relative abundance, w as defined 
as the  n u m b er o f fish cap tu red  p e r tw o  nets p e r night.

A  large m esh  seine ne t (50 m  long, 2 m  deep, w ith  a 3 
cm stre tch  m esh  in the  w in g s an d  a 1 cm stre tch  m esh  
bag) w as u sed  to ta rg e t juven ile  m arine  an d  freshw ater 
fishes (>40 m m  SL). N ettin g  w as conducted  in gently  
slop in g  u n o b stru c ted  areas over a range o f hab ita ts. 
Sam pling  w as carried  betw een  09h00 an d  17h00 w ith  
22 sites sam p led  at each estu ary  d u rin g  Jan u ary  an d  
June 2001. The ne t w as laid in a sem icircle from  the bank 
using a m otorised boat and  hau led  ashore by four people. 
CPUE w as defined  as the  n u m b e r o f fish cap tu red  p e r 
seine n e t haul.

A  sm all m esh  seine ne t (30 m  long, 2 m  deep, w ith  a 1 
cm stretch m esh in the w ings and  bag) w as used  to target 
m a in ly  e s tu a r in e - s p a w n in g  sp e c ie s . T he g e n e ra l  
sam pling  p ro ced u re  an d  site selection w ere  the sam e as 
w ith  the  large m esh  seine net. A  to ta l o f 11 sites in each 
estu ary  w ere  sam p led  d u rin g  Jan u ary  an d  June 2001. 
Because o f the large n u m b er o f fish cap tu red  in  th is net, 
m o s t s p e c im e n s  w e re  p re s e rv e d  on  s ite  fo r la te r  
iden tification  in the  laboratory . CPUE w as defined  as 
the n u m b er of fish cap tu red  p e r  seine n e t haul.

A  fry seine n e t (15 m  long, 2 m  deep  w ith  a stre tch  
m esh  o f 0.5 cm) w as u sed  to  sam ple  m ain ly  juven iles of 
estuarine  residents, post-flexion larvae an d  0+juveniles 
o f m arin e -sp aw n in g  an d  fresh w ater species. A  to ta l of 
th ree  hau ls  w ere  conducted  at each o f e igh t sites (low er 
reaches = 3 sites, m idd le  reaches = 2 sites, u p p e r reaches 
= 3 sites) in  each estu ary  d u rin g  Jan u ary  2002. The ne t 
w as  la id  in  a sem icirc le  from  the  b an k  an d  h a u le d  
onshore by tw o  people. All cap tu red  fish w ere p reserved  
in 10% form alin  for la ter iden tification  an d  coun ting  in 
the laboratory . CPUE w as defined  as the n u m b er o f fish 
cap tu red  p e r  seine n e t haul.

Tw o cast (throw) nets w ere  used  to target juveniles of 
m arin e -sp aw n in g  an d  fresh w ater species, p a rticu la rly  
in areas no t covered by the seine nets. These nets included 
one m ultifilam ent ne t w ith  a rad ius of 1.8 m  and  a stretch 
m esh  o f 2.5 cm, an d  one m onofilam en t cast n e t w ith  a 
rad iu s  o f 1.3 m  an d  stre tch  m esh  of 2.5 cm. A  to ta l o f 400 
th ro w s w ere  con d u c ted  in e igh t zones (25 th ro w s p e r 
zone p e r  cast net) w ith in  each estuary  d u rin g  Jan u ary

2002. The sam p lin g  zones w ere  selected  to  cover the 
leng th  o f the estuary  as w ell as the full range o f hab ita ts  
w ith in  each system . Fish caught w ere identified, counted 
an d  re tu rn ed  live to  the w ater. CPUE w as defined  as the 
n u m b e r o f fish cap tu red  p e r 50 (25 + 25) cast n e t hauls.

Data analysis

A ll sam pled  fish w ere  allocated an estuary -dependency  
c a te g o ry  u s in g  th e  d e s c r ip tio n s  g iv e n  in  T ab le  2. 
L o n g itud ina l d is trib u tio n  an d  seasonal changes in  the 
fish assem blages o f M ngazi an d  M ngazana estuaries 
w ere  in vestiga ted  u sing  no n -p aram etric  m u ltiv aria te  
analyses from  the PRIM ER version  5.0 package (Clarke 
& Gorley 2001). A  cluster analysis of the fish assem blages 
in each estuary  w as created, first on a site basis an d  then  
each  es tu a ry  w as  g eo g rap h ica lly  d iv id e d  in to  th ree  
regions, viz. upper, m idd le  an d  low er reaches. The seine 
n e t d a ta  consisted  o f n u m b ers  o f each species cap tu red  
at each sam pling  site. All da ta  w ere converted  into catch 
p er un it effort (CPUE) and  root transform ed to w eigh  out 
th e  c o n tr ib u tio n  o f  c o m m o n  a n d  ra re  spec ies . A n 
association  m atrix  w as p ro d u ced  using  the B ray-C urtis 
s im ila r ity  m e a su re , fro m  w h ic h  c la ss if ic a tio n  a n d  
o rd in a tio n  p ro ced u res  w ere  conducted . The sim ilarity  
m atrix  w as p ro d u ced  using  h ierarch ical agg lom eration  
w ith  g ro u p  average linkages (Clarke & W arw ick 1994).

The long itud inal com position  re lationsh ips betw een 
th e  e s tu a r in e  reg io n s, b a sed  on  th e ir  s a m p le d  fish  
a s s e m b la g e s ,  w e re  e x a m in e d  u s in g  h ie r a r c h ic a l  
classification an d  m u lti d im ensional scaling (MDS) in 
tw o  d im ensions. H ierarchical clustering  an d  MDS w ere 
based  on Bray-Curtis sim ilarities o f the  abundance  data. 
The goodness o f fit for the  d a ta  po in ts  in the MDS w as 
m easu red  by the stress coefficient, w here  stress ten d s to 
zero  w h e n  da ta  are perfectly  rep resen ted . Stress va lues 
<0.2 give a po ten tia lly  usefu l 2 -d im ensional p ic tu re , 
s tress <0.1 co rresponds to  a good  o rd in a tio n  an d  stress 
< 0.05 g ives an  excellent rep resen ta tion .

A  one-w ay  layou t A N O SIM  (analysis o f sim ilarity) 
w as carried  ou t to  com pare sim ilarities o f fish species 
com position  betw een  sam ples an d  to  determ ine  if there 
w ere  significant differences betw een  sam ples. ANOSIM  
determ ines the global value R, w hich indicates the degree 
of sim ilarity betw een the tested groups. Values of R range 
b etw een  1 an d  1, e.g. if all rep licates w ith in  a site are 
m ore  s im ila r to  each o th e r th a n  any  rep lica tes from  
different sites, then  the value o f R is 1. W here significant 
differences (P < 0.05) w ere  found , SIM PER (from  the 
P rim er package) w as u sed  to  iden tify  the  species th a t 
w ere  p rim arily  responsible for those differences.

BIOENV, also from  the P rim er package, w as u sed  to 
in v es tig a te  the  linkage o f d r iv in g  physico -chem ical 
v a r ia b le s  w ith  f ish  a s se m b la g e s . T h is  p ro c e d u re  
calculates rank  correlations betw een  a sim ilarity  m atrix  
d e riv e d  from  the  species co m p o sitio n  an d  m atrices 
deriv ed  from  v arious subse ts  o f the  physico-chem ical 
variables m easured  from  the sam e sites, thereby defining 
su ites o f variab les th a t best exp lain  the fish com m unity  
structure.

S easo n a l c o m p a riso n s  b e tw e e n  th e  o v e ra ll fish  
assem blages w ere carried ou t by com bining catches from



Table 2. The estuary-associa tion category tha t u tilise southern A frican estuaries (after W hitfie ld 1998). 

Category Description of categories

I Estuarine species which breed in southern African estuaries. Further subdivided into:
I a. Resident species which have not been recorded spawning in marine or freshwater environments.
I b. Resident species which also have marine or freshwater breeding populations.

II Euryhaline marine species which usually breed at sea with juveniles showing varying degrees of 
dependence on southern African estuaries. Further divided into:
II a. Juveniles dependent on estuaries as nursery areas.
II b. Juveniles occur mainly in estuaries, but are also found at sea.
II c. Juveniles occur in estuaries but are usually more abundant at sea.

III Marine species which occur in estuaries in small numbers but are not dependent on these systems.

IV Freshwater species, whose penetration into estuaries is determined primarily by salinity tolerance. 
This category includes some species which may breed in both freshwater and estuarine systems.

V Catadromous species which use estuaries as transit routes between the marine and freshwater 
environments but may also occupy estuaries in certain regions. Further divided into:
V a. Obligate catadromous species which require a freshwater phase in their development.
V b. Facultative catadromous species which do not require a freshwater phase in their development.

each g ear ty p e  for each estu ary  d u rin g  su m m er an d  
w in te r ,  a n d  th e n  c o m p a r in g  b e tw e e n  s e a s o n s  as 
described above.

RESULTS

Physico-chemical properties during fish sampling

Salinity
Salinity  increased  from  the u p p e r  reaches to w ard s  the 
low er reaches d u rin g  bo th  su m m er an d  w in te r  in the 
M n g azan a  E stuary . The su m m e r m ean  sa lin ity  w as 
20.9%o, 29.2%o an d  36.7%o w hile  in w in te r m ean  salin ity  
w as 31.4%o, 33.2%o an d  35.3%o in  the u p p e r  m id d le  an d  
lo w er reaches, re sp ec tiv e ly . T here  w ere  s ig n ifican t 
differences b e tw een  the  m ean  sa lin ity  in the  u p p er, 
m id d le  an d  low er reaches d u rin g  su m m er an d  w in te r 
(ANOVA, p  < 0.05 in bo th  cases). The difference in the 
m ean  salin ity  betw een  ad jacent e stuarine  reg ions w as 
no t m ore th an  2%o d u rin g  w in te r  w hile  th is difference 
w as 8%o d u rin g  su m m er (Figure 2).

In the M ngazi E stuary  salin ity  also increased  from  
the u p p e r to the low er reaches d u rin g  both  su m m er and  
w inter. The m ean  salinity  w as 12.2%o, 23.9%o an d  29.4%o 
d u rin g  sum m er; an d  15.9%o, 17.9%o an d  19.7%o d u rin g  
w in te r  in  th e  u p p e r ,  m id d le  a n d  lo w e r  re a c h e s , 
respectively. There w ere significant differences in salinity 
betw een the estuarine regions during  sum m er (p < 0.002) 
b u t n o t d u rin g  w in te r (p > 0.05). The differences in  the 
m ean  salin ity  betw een  ad jacen t estuarine  reg ions w ere  
g rea te r  in  su m m e r (>6%o) th a n  d u rin g  w in te r  (2%o) 
(Figure 3).

Temperature
The m ean  su m m er w a te r tem p era tu re  in the M ngazana 
E stuary  w as 28.7°C, 27.2°C an d  27.8°C in  the  u p p er, 
m id d le  an d  low er reaches, respectively . D uring  w in te r 
the m ean  su m m er tem p era tu re  w as 21.2°C, 20.7°C and
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Figure 2. Mean (± S.E.) sum m er (b lack shaded bars) and 
w inter (open bars) turbidity, tem perature and 
sa lin ity va lues recorded at the sites in the 
upper (U), m iddle (M) and lower (L) reaches of 
the M ngazana Estuary.
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Figure 3. Mean (± S.E.) sum m er (b lack shaded bars) and 
w in ter (open bars) turbidity, tem perature and 
sa lin ity  va lues recorded at the s ites in the 
upper (U), m iddle (M) and lower (L) reaches of 
the M ngazi Estuary.

20.3°C  in  th e  u p p e r ,  m id d le  a n d  lo w e r  re a c h e s , 
re sp e c tiv e ly  (F ig u re  2). T he m e a n  su m m e r  w a te r  
tem p era tu re  in the  M ngazi E stuary  w as 27.8°C, 27.3°C 
a n d  24.6°C th e  u p p e r , m id d le  a n d  lo w e r reach es , 
respectively. D uring  w in ter, the m ean  tem p era tu re  w as 
21.8°C, 20.8°Cand 18.6°C in the upper, m iddle and  low er 
reaches, respectively  (Figure 3). As expected  the m ean  
w a te r  te m p e ra tu re s  w e re  lo w er d u r in g  w in te r  an d  
h ig h er in sum m er.

Turbidity
In the M ngazana E stuary , tu rb id ity  decreased  from  the 
u p p e r  reaches to  the  low er reaches d u rin g  su m m er an d  
w in ter. D uring  su m m er the low er reaches experienced  
the low est m ean  tu rb id ity  (9.6 NTU), w hile  the  m ean  
tu rb id ity  w as 14.3 NTU in the  m id d le  reaches an d  14.1 
NTU  in the low er reaches. D uring  w in te r  tu rb id ity  w as 
14 NTU, 13.7 NTU an d  9.7 N TU  in the u p p er, m idd le  
an d  low er reaches, respectively  (Figure 2).

T u rb id ity  w as 14.9 NTU, 15.9 NTU an d  15.8 NTU 
d u rin g  su m m er w hile  itw a s9 .7 N T U , 12.7 NTU an d  7.7 
N TU  d u r in g  w in te r  in  the  u p p e r  m id d le  an d  low er 
reaches, respectively  (Figure 3). There w ere  sign ifican t 
d ifferences in the  m ean  tu rb id ity  in the th ree  estuarine  
reg ions d u rin g  w in te r (p < 0.04), bu t th is w as no t the 
case in  sum m er.

Species composition

A  to ta l o f 3 832 fishes rep resen tin g  31 fam ilies an d  66 
species w ere captured from  the M ngazana Estuary (Table 
3). The fam ilies G obiidae (14 species) an d  M ugilidae (11 
species) w ere represented by the m ost num ber of species, 
fo llo w ed  by C a ran g id ae  (4 species), A m b ass id ae  (3 
species) an d  Sparidae (3 species). The rest o f the fam ilies 
w ere represented by either single or tw o species. In term s 
o f the estuary-dependency categories, euryhaline m arine 
species (C ategory II) d o m in a ted  the  catch com position  
an d  constitu ted  48% (31 species) o f the  to ta l n u m b er of 
taxa. C ategories Ila, lib  a n d  Ile co n stitu ted  17% (11 
s p e c ie s ) ,  19% (12 s p e c ie s )  a n d  12% (8 s p e c ie s ) , 
respectively. The estuarine-spaw ning  species (Category 
I) constitu ted  28% (18 species) an d  m arine  species th a t 
are no t dep en d en t on estuaries (Category III) com prised  
17% (12 species). The fresh w ater species (C ategory IV) 
constitu ted  5% (3 species) o f the to tal catch com position, 
w h ile  c a ta d r o m o u s  s p e c ie s  (C a te g o ry  V) w e re  
rep resen ted  by a single (2%) facu lta tive ca tad ro m o u s 
species (Vb) (Figure 4). The m ost ab u n d an t species w ere 
Gilchristella aestuaria (27%), Atherina breviceps (19%), 
Ambassis dussumieri (12%), Leiognathus equulus (5%), 
Glossogobius callidus (4%), Rhabdosargus holubi (4%), 
Valamugil cunnesius (4%) an d  Liza dumerili (3%).

A  to ta l of 14 157 ind iv iduals rep resen ting  24 fam ilies 
an d  49 species w ere  cap tu red  from  the M ngazi E stuary  
(T ab le  4). T he fa m ilie s  th a t  d o m in a te d  th e  ca tch  
com position  w ere  M ugilidae (11 species), G obiidae (8 
species), C arangidae (4 species) and  Sparidae (4 species). 
Some families (e.g. A m bassidae and  Sphyraenidae) w ere 
r e p r e s e n te d  by  tw o  sp e c ie s  w h ile  th e  r e s t  w e re  
represen ted  by single species. Euryhaline m arine species 
(C ategory  II) constitu ted  57% (28 species) o f the catch 
com position . M arine species th a t are d e p e n d e n t on 
es tu a rie s  as n u rse ry  areas (Ila) c o n s titu ted  24% (12 
species), fo llow ed by categories lib  (22%) an d  Ile (10%). 
E stuarine  species th a t sp a w n  in estuaries (C ategory I) 
co n stitu ted  24% (12 species), w h ile  m arine  species th a t 
are no t dep en d en t on estuaries (Category III) constitu ted  
10% (5 species) an d  fresh w ate r species 4% (2 species) 
(Figure 4). Both obligate an d  facu lta tive ca tad rom ous 
species constitu ted  2% (1 species) each to  the to tal catch

la  lb  Ila  lib  Ile  III IV V a V b 

Estuary-dependence category

Figure 4. The percentage com position o f each estuary-
dependence category for fishes collected in the 
M ngazi (open bars) and M ngazana (b lack 
shaded bars) estuaries.
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Figure 5. Dendrogram  of the longitudina l distribution 
(CPUE) of the large mesh seine net fish 
assem blages. The first two letters refer to 
estuarine region (UR = upper reaches, M R = 
m iddle reaches and LR = lower reaches) and 
the last le tter refers to the estuary (A = 
M ngazana and I = M ngazi).

com position. The estuarine resident Gilchristella aestuaria 
w as the m ost d o m in an t species an d  com prised  77 %; 
o th e r im p o rtan t species in c lu d ed  G. callidus (5%), V. 
cunnesius (4%), L. dumerili (3%), A. breviceps (3%), Thryssa 
vitrirostris (2%) an d  L. equulus (1%).

Longitudinal distribution

The resu lts  o f the  sim ilarity  analysis on a p e r  site basis 
ind ica ted  no lo n g itud ina l g ro u p in g  o f fish assem blages 
in e ither estuary , a lth o u g h  the large seine n e t su m m er 
data from  both system s and  the M ngazi in w in ter show ed 
w eak  clustering . A  geograph ic  d iv ision  o f the estuaries 
into upper, m iddle and  low er reaches w as therefore used  
in the  analysis o f data.

In b o th  the M ngazi an d  M ngazana estuaries, the  
h ig h e s t CPU E w as  re c o rd e d  in  th e  m id d le  reaches 
fo llow ed by the  low er reaches, w ith  the u p p e r  reaches 
h av in g  the low est CPUE (Tables 3 an d  4). Sim ilarly, in 
te rm s o f the n u m b e r o f species, the m id d le  an d  low er 
reaches w ere  m ore  d iverse  th an  the  u p p e r  reaches in 
bo th  estuaries. A  to ta l of 29 species w ere  reco rded  from  
the M ngazana u p p e r  reaches, w hile  47 species w ere  
recorded  in each o f the m idd le  an d  low er reaches (Table
3). A  to ta l of 27 species w ere  reco rded  from  the M ngazi 
u p p e r  reaches w h ile  the  m id d le  a n d  lo w er reaches 
y ie ld ed  32 an d  35 species, respectively  (Table 4).

Gili nets
The gili ne ts  sam p led  a to ta l o f  15 species from  the 
M n g azan a  e s tu a ry  a n d  16 species from  the  M ngazi 
estu ary  (Tables 3 an d  4). The d o m in an t species in  the 
M ngazana w ere  H. kelee, L. macrolepis, M . cephalus and  V. 
buchanani. H ilsa kelee a n d  V. buchanani o c c u r re d  
th ro u g h o u t the estuary , w ith  h ighest CPUE values from  
the m idd le  reaches. The gili nets cap tu red  M ugil cephalus 
in the m id d le  an d  low er reaches w hile  L. macrolepis w as 
only  sam p led  in the  low er reaches o f the  M ngazana 
(Table 3). The d o m in an t species in the  M ngazi estuary  
w ere C. sexfasciatus, P. commersonnii, L. alata, L. macrolepis, 
M . cephalus, M . capensis, V. cunnesius an d  A. japonicus 
(Table 4). Caranx sexfasciatus, L. alata and  M . capensiswere

cau g h t in the  u p p e r  an d  m id d le  reaches, w ith  the first 
tw o taxa dom inan t in the u p p er reaches w hile M . capensis 
w a s  d o m in a n t  in  th e  m id d le  re a c h e s . P om adasys  
commersonnii, M . cephalus, L. macrolepis an d  V. cunnesius 
w ere  cau g h t in all th ree  M ngazi e s tu ary  reg ions w ith  
h ig h e s t C PU E re c o rd e d  fro m  th e  m id d le  reach es. 
Argyrosom us japonicus w as  also sam p led  in  all th ree  
e stuarine  reg ions bu t w as m ost d o m in an t in the  low er 
reaches (Tables 3 an d  4).

Large seine
A  to ta l o f 38 species w ere  cap tu red  w ith  the  large seine 
ne t in the  M ngazana estuary . The follow ing species h ad  
the h ig h est CPUE values an d  w ere  p re sen t in  all th ree 
estuarine regions: L. equulus, M . argenteus, L. dumerili, V. 
cunnesius an d  R. holubi. Monodactylus argenteus an d  V. 
cunnesius w ere  m ost a b u n d a n t in the  m id d le  reaches 
w hile  CPUE values for L. dumerili an d  R. holubi w ere  
h ig h est in the  low er reaches. Leiognathus equulus w ere  
cap tu red  th ro u g h o u t the e stu ary  b u t the  u p p e r  reaches 
y ie ld ed  h ig h er CPUE values th an  the o ther tw o  regions 
(Table 3).

A  to ta l o f 27 species w ere  cap tu red  from  the M ngazi 
e s tu ary  w ith  the large seine net. The m ost ab u n d a n t 
species w ere  T. vitrirostris, L. equulus, L. dumerili, M . 
capensis, V. cunnesius an d  R. holubi. Thryssa vitrirostris 
h a d  a h igh  CPUE in the m id d le  reaches an d  w as also 
c a u g h t in  th e  lo w e r  re a c h e s . V alam ugil cunnesius  
occurred th ro u g h o u t the estuary  w ith  a h ighest CPUE in 
the m id d le  reaches. Leiognathus equulus an d  M . capensis 
w ere  also caugh t in all the  e stuarine  reg ions b u t the 
h ig h est CPUE w as reco rded  in  the u p p e r  reaches. Liza 
dumerili an d  R. holubi occurred  th ro u g h o u t the  estuary  
w ith  h ighest catches recorded in the low er reaches (Table
4).

Small seine
The sm all seine n e t c ap tu red  a to ta l o f 15 species from  
the M ngazana E stuary  an d  the fo llow ing species h ad  
the h ighest CPUE: A. dussumieri, A . breviceps, G. callidus 
and  O. keiensis. Ambassis dussumieri w as w ell represen ted  
in all the estuarine  regions an d  h ad  the h ighest CPUE in

Stress: 0.06
URA

LRA
URI

MRA LRI

MRI

Figure 6. MDS (m ultid im ensiona l scaling) plot of the 
longitudina l distribution (CPUE) of the large 
mesh seine net fish assem blages. The first 
two letters refer to estuarine region (UR = 
upper reaches, MR = m iddle reaches and LR 
= lower reaches) and the last le tter refers to 
the estuary (A = M ngazana and I = M ngazi).
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Table 3. C atch per unit effort, using five different g ea r  types, of fish s p e c ie s  sa m p le d  from the  upper  (UR), middle (MR and
lower (LR) r e a c h e s  of the  M n gazan a  Estuary.

Family Species Gili net Large seine Cast net Small seine Fry seine

UR MR LR UR MR LR UR MR LR UR MR LR UR MR LR

Ambassis ambassis 0.7 0.3
A m bassidae Ambassis dussumieri 

Ambassis natalensis
0 7 0 5 11.3

0.7
157 593 6 3 140 10 8

Atherinidae Atherina breviceps 0 3 171.8 0 2 4 8
Bothidae Bothus pantherinus 0 1 0 3
C arang idae Caranx ignobilis 

Caranx sexfasciatus 
Scomberoides commersonianus 
Scomberoides tol

0.7 0.3
0 4
0 8

0 8

0.4
0.2

0 2  
0 1

0 4

0.3
0 8

1.0
0.3

0 3
Cichlidae Oreochromis mossambicus 0 8
C lupeidae GUchhstetla aestuana 

Hilsa kelee 1.3 2 5 0 4
1136 136 5 0 3 368 2.7 8 2

Elopidae Elops machnatha 0 5 0.7 2 3 0 5
E ngrualidae Thryssa vitrirostris 3 3 5.0 1.8
Fistulariidae Fistulana petimba 0 2
G erreidae Gerres filamentosus 

Gerres metheum
0 2
0 4

G obiidae Caffrogobius gilchristi 
Caffrogobius natalensis 
Caffropgobius nudiceps 
Favonigobius melanobranchus 
Favonigobius reichei 
Glossogobius biocellatus 
Glossogobius callidus 
Glossogobius giuris 
Oligolepis acutipennis 
Oligolepis keiensis 
Oxyurichthys ophthalmonema 
Psammogobius knysnaensis 
Fibriophthalmus argentilineatus 
Stenogobius polyzona

1.7

0.7
0 3

1.0

1.3
0 3

0 3

8 2

8 3
0 3

0.5

0 5

0 5
0 3

2 3
0 3

173

0.2

0.3
15.0
1 0

0 3

3 0

1.7
5 3

0.7

0 2
3.3

1.3 

2 7

H aem ulidae Pomadasys commersonnii 
Pomadasys kaakan

0 3 0.2 0 8
0 3 0,1

0 3 3 5 3.7 1 7

Labridae Labrid sp 0 3
L eiognathidae Leognathus equulus 0.2 9 2 7.8 7.3 3 0 1.7 0 2
Lutjanidae Lutfanus fulviflamma 2.7
M onacanthidae Cantherhines dumerilii 0.1
M onodactylidae Monodactylus argenteus 

Monodactylus falciformis
0 5 12.6 0.7

0 3 0 7 0.7 0 2
Mugilidae Liza alata 

Liza dumerili 
Liza macrolepis 
Liza richardsonii 
Laa tricuspidens 
Liza subviridis 
Mugil cephalus 
Myxus capensis 
Valamugil buchanani

0 3

0.2

1 2

0.5

0 5

1.2

2 3

0 2

15

3 6
2 0

1 3
0 4

0.4
3 8
0.3

1.0

0.1

0.1 
7.8 
2 3  
0 3 
0 2  
0 1 
1.0 
3 5 
0 1

1 0

3 0

0.5

0.5

4.3

0 2
11.3

Valamugil cunnesius 0 3 0 6 178 0 3 3.7 1.0 0 3 0 3
Valamugil robustus 0 2 0.5 0.2

Paralichthyidae Pseudorhombus arsius 0 4
Platycephalidae Platycephalus indicus 0 8 0.3
Sciaen idae Argyrosomus japonicus 0.2 0.2 0 3 0.2
S erran idae Epinephelus marginatus 0.7
Siganidae Siganus sutor 0 3
Soleidae Solea bleekeri 0 3 0 5 0 2 2.7
S p a rr ia e Acanthopagrus berda 0.2 0 2 1 .7 0.6 2 3

Rhabdosargus holubi 4.7 2 4 8 7 0 3 3 0 0.3 0 5 11.7

the  low er reaches. A lth o u g h  A. breviceps w as p re sen t in 
the u p p e r  reaches, it w as m ore  ab u n d a n t in the low er 
reaches. Gilchristella aestuaria w as p resen t th ro u g h o u t 
the e stu ary  b u t h a d  a h igh  CPUE in the m id d le  reaches. 
Glossogobius callidus w as  co n cen tra ted  in the  m id d le  
reaches, w ith  som e represen tatives in the u p p e r reaches. 
Oligolepis keiensis w as cau g h t in  bo th  the m id d le  an d  
low er reaches w ith  h ighest catches in the m idd le  reaches 
(Table 3).

A  to ta l o f 11 fish species w ere  cap tu red  from  the 
M ngazi E stuary  w ith  the sm all seine net. The fo llow ing 
species h a d  a h igh  CPUE: A. breviceps, G. aestuaria, G. 
callidus a n d  S. bleekeri. A therina breviceps w a s  w e ll 
p re sen ted  in the  m id d le  reaches b u t the h ig h est catch 
w as reco rded  in the low er reaches. Gilchristella aestuaria 
w as caught in the u p p er reaches bu t highest catches w ere 
m ad e  in  the m id d le  reaches. Glossogobius callidus w as 
c au g h t in all the  e stu arin e  reg ions, w ith  the h ighest 
densities reco rded  in the  m id d le  reaches. Solea bleekeri 
w as only  fo u n d  in the m id d le  reaches (Table 4).

Fry seine
The fry seine net sam pled  32 species from  the M ngazana 
E stu a ry  a n d  these  in c lu d ed  m arine , fre sh w a te r  an d  
estuarine  resid en t species (Table 3). The CPUE o f the  
follow ing species w as high: A. dussumieri, G. aestuaria, C. 
natalensis, G. callidus, M . capensis an d  R. holubi. Ambassis 
dussumieri w as cau g h t th ro u g h o u t the  estuary  an d  h ad  
a h ig h  C P U E  in  th e  m id d le  a n d  lo w e r  re a c h e s . 
Gilchristella aestuaria h ad  the highest CPUE and  although  
sam p led  in the  m id d le  an d  low er reaches it w as m ost 
ab u n d an t in the  u p p e r reaches. Glossogobius callidus also 
w as caugh t th ro u g h o u t the estuary  w ith  h ighest catches 
reco rded  from  the  u p p e r  reaches. Caffrogobius gilchristi 
an d  M . capensis w ere  only  fo u n d  in  the m id d le  reaches. 
Rhabdosargus holubi h ad  the h ighest CPUE in the m idd le  
reaches bu t w as also sam pled  in the u p p er reaches (Table 
3).

A  to tal of 18 species w ere  cap tu red  w ith  the fry seine 
n e t from  the M ngazi E stuary  an d  the fo llow ing species 
d o m in a ted  the CPUE: A. dussumieri, G. aestuaria an d  G.



Table 4. C atch per unit effort, using five different g ea r  types , of fish sp e c ie s  sa m p le d  from the  upper  (UR), middle (MR and
lower (LR) re a c h e s  of the Mngazi Estuary.

Family Species Gili net Large seine Cast net Small sem e Fry seine

UR MR LR UR MR LR UR MR LR UR MR LR UR MR LR

Sthenmdae Atherina breviceps 28 7 52 1 4.0
Bothidae Bothus pantherinus 0  1
Carangidae Caranx ignobilis 

Caranx sexfasciatus 
Lichia amia 
Scomberoides tol

1 0
3.3
1.0

0.5
0 2
1 7

0.3
0.7

0.5
Chanidae Chanos Chanos 0 2
Cichlidae Oreochromis mossambicus 0 3 2 0 0 8
Clupeidae Gilchnsteila aestuaria 14 3 1572 2 1123 2 1.3 9 8 3 6 7
Elopidae Elops machnatha 0 7 0 3 0 3 3 6 0 3 0  1
Engraulidae Thryssa vithrostns 3 40 1.1
Gerreidae Gerres filamentosus 0 3
Gobiidae Caffrogobius gilchnsb 

Favonigobius reichei 
Glossogobius callidus 
Glossogobius giuns 
Oligolepis acutipennis 
Oligolepis keiensis 
Oxyunchthys ophthalmonema 
Psammogobius knysnaensis

0 5

0.3
2 7 4 5

1 0
3.1
0.3

0.5

1.9

0.3

3 4 9

0 5

4 4 2

3 2

0  1 
0  1
3.3

0 3
0 2

Haemulidae Pomadasys commersonnii 0 3 1.7 1.3 0 8 3 3 0 7 0  1
Leiognathidae Leignathus equulus 0.7 0 3 8 2 7 4 3 2 1.0
Mugilidae liza  alata 

b za  dumenh
3 3 1.0 1 7

0 2 0 4 41 3
0.7

3 0
Liza macrolepis 0 3 3 6 1 6 0 2 2 9 1 6 0 5 0 7
Liza richardsonii 0 5
Uza tricuspidens 1 0 1.1 1.1
Liza subviridis 1.0
klugii cephalus 2 8 3.0 2 3 1.0 0.1 1 6 0.5 0 3
Myxus capensis 0 7 1.3 8 1 2 2 0 8 1,0 0.1 0 2
Valamugil buchanani 0 8 1 0 0 4
Valamugil cunnesius 0 3 1,3 0 6 44 7 7 3 2 4 0.7
Valamugil robustus 0 3 1 0 0 4 1.2 14 5 1 0

Parabchthyidae Pseudorhombus arsius 0 9 0  1
Sciaenidae Argyrosomus japonicus 0 8 1.1 2 3 0.7 0 2
Soleidae Solea bteeken 8 9 0 3 0 5 0 1
Sparidae Acanthopagrus berda 

Diplodus sargus 
Rhabdosargus holubi 
Rhabdosargus sarba

0 3

1.0

2 4

0 8
01
8 9
1 0

1 3

0 8 0  1

Sphyraenidae Sphyraena baraccuda 
Sphyraena jello

0.3
0 2

Syngnathidae Hippichthys spicifer 0 1
Teraporwdae Terapon jarbua 

Arothron hispidus
0.1 1.0

0 2
0 1 0 5 0 4

Zanclidae Zanclus canescens 01

callidus. A . dussumieri w ere  cau g h t in the m id d le  an d  
lo w er reaches, h a d  th e  h ig h e s t CPU E in th e  lo w er 
reaches. Gilchristella aestuaria w ere  cau g h t th ro u g h o u t 
the estu ary  w ith  h ig h est CPUE in the low er reaches. 
Glossogobius callidus also occurred  in all th ree  estuarine  
reg ions bu t h a d  a h igh  CPUE in the  m id d le  an d  u p p e r 
reaches (Table 4).

Cast nets
The cast ne ts  cap tu red  a to ta l o f 13 fish species from  the 
M n g azan a  E stu a ry , one o f w h ic h  (G. giuris) w a s  a 
f re sh w a te r  sp ec ies. T he d o m in a n t sp ec ies  w e re  V. 
cunnesius, L. dumerili, L. equulus, R. holubi an d  A. berda. V. 
cunnesius and  R. holubi w ere  caught in all three estuarine 
reaches w ith  the fo rm er hav ing  the h ighest CPUE in the 
u p p e r  reaches w hile  the la tte r h a d  the h ighest CPUE in 
the m id d le  reaches. Leiognathus equulus an d  L. dumerili 
w ere caught in the m iddle and  low er reaches. The highest 
CPUE for L. equulus w as reco rded  in  the u p p e r  reaches 
w hile  L. dumerili h a d  the h ig h est CPUE in the m idd le  
reaches. Acanthopagrus berda w as  only  cau g h t in  the 
u p p e r reaches (Table 3).

A  to ta l o f 15 species w ere  cap tu red  w ith  cast ne ts  in 
the M ngazi Estuary, w ith  V. robustus hav ing  the h ighest 
CPUE in th is system . A ltho u g h  th is  taxon  w as sam p led  
in the low er reaches it w as m ore ab u n d an t in the m idd le  
reaches (Tables 4). O ther d o m in an t species in c lu d ed  L.

dumerili, L. macrolepis an d  A. berda. Liza dumerili w as only 
cau g h t in the  low er reaches w h ereas  A. berda w as only 
cau g h t in the u p p e r  reaches. Liza macrolepis w as caugh t 
in the m idd le  an d  low er reaches o f the M ngazi Estuary.

Temporal changes

D ata from  the  fry  se ine  n e t an d  cast n e ts  w e re  n o t 
in c lu d ed  in the analysis o f tem p o ra l changes in the fish 
co m m u n ity  s tru c tu re  as these  gears w ere  only  u sed  
d u rin g  the  Jan u ary  2002 sam pling .

The contributions of the various estuary-dependency  
categories to the to tal catch com position  an d  the percent 
co n tribu tion  o f each species to  the to ta l n u m b e r o f fish 
cap tu red  from  the tw o estuaries du ring  January  and  June 
are p re sen ted  in Tables 5, 6 an d  7.

A  to tal 1 775 specim ens com prising  21 fam ilies an d  
41 species w ere  cau g h t (gili, large seine an d  sm all seine 
com bined ) from  th e  M n g azan a  E s tu a ry  d u r in g  the 
Jan u ary  sam p lin g  occasion. The fish assem blage w as 
d o m in a ted  by eu ryha line  m arine  species (C ategory II), 
w h ich  con trib u ted  56% to the to ta l n u m b er o f species 
co llec ted . E s tu a rin e  sp ec ies  th a t  b re e d  in  e s tu a rie s  
(C ategory  I) c o n stitu ted  23% o f the to ta l n u m b e r of 
species, w hile  m arine species th a t are no t d ep en d en t on 
estuaries (Category III) constitu ted  13.5%. The follow ing 
species w ere  num erica lly  a b u n d a n t d u rin g  su m m er in
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Table 5. The percent com position of M ngazi and M ngazana fishes in each estuary-dependence category (see Table 2 
for details).

M ngazi M nagazana

E s tu a ry -a sso c ia tio n
ca teg o ry

Ja n u a ry  
(% con trib u tio n )

J u n e  
(% co n tribu tion )

Ja n u a ry  
(% co n tribu tion )

J u n e  
(% con trib u tio n )

la 8 6 9 6
lb 16 15 14 17

Ila 30 32 22 26
lib 27 23 22 17
Ile 11 12 18 13
III 5 9 14 19

Vb 3 3 2 2

the  M ngazana Estuary: A. breviceps (39%), G. aestuaria 
(17%), A. dussumieri (13%), V. cunnesius (7%) and  L. equulus

The to ta l n u m b e r o f fish caugh t, u s in g  the  sam e 
com bination of gears, from  the M ngazana Estuary during  
the June sam p lin g  occasion w as 1 106, rep resen tin g  20 
fa m ilie s  a n d  45 sp e c ie s . In  te rm s  o f  th e  e s tu a ry -  
depen d en cy  categories, the  assem blage w as dom in a ted  
by m arin e  m ig ra n t species th a t co n s titu ted  56% (26 
species) o f the to ta l n u m b er o f species, w hile  estuarine  
taxa th a t breed  in estuaries constitu ted  23% (11 species). 
M arine  species th a t are  n o t d e p e n d e n t on estu a rie s  
constitu ted  14% (6 species) o f the to tal n um ber of species 
cap tu red  d u rin g  w in te r  in the M ngazana Estuary . The 
m o s t a b u n d a n t sp ec ie s  w e re  G. aestuaria (43%), A 
dussumieri (7%), M onodactylus argenteus (7%), L. equulus 
(6%), an d  L. dumerili (5%).

A  to tal o f 10 977 fish, rep resen ting  17 fam ilies an d  31 
species w ere  cau g h t (gili, large seine an d  sm all seine 
com bined) from  the M ngazi E stuary  d u rin g  the January  
sam pling  occasion. E uryhaline m arine  species w ere  the 
m ost do m in an t species and  constitu ted  68% (25 species) 
o f the  species sam p led  d u rin g  th is season. E stuarine 
species tha t breed in estuaries constitu ted  24% (9 species) 
o f the  species cap tu red . Gilchristella aestuaria (88%) an d  
V. cunnesius (5%) w ere  the m ost num erica lly  a b u n d a n t 
taxa.

A  to ta l o f 1 863 fish, rep resen tin g  17 fam ilies an d  35 
species w ere  sam p led  w ith  the  sam e com bination  of 
gears from  the M ngazi Estuary du ring  the June sam pling 
occasio n . T he fish  a sse m b la g e  w a s  d o m in a te d  by 
eu ryha line  m arine  species, w h ich  constitu ted  67% (23 
species) o f the catch com position, fo llow ed by estuarine 
species th a t b reed  in  estuaries, w h ich  constitu ted  21 % 
(7 species). The m ost num erically  ab u n d an t species w ere 
G. aestuaria (44%), T. vitrirostris (13%), L. dumerili (13%), 
R. holubi (5%) an d  V. cunnesius (4%).

Similarity analysis

T he B IO E N V  p ro c e d u re  in d ic a te d  n o  s ig n if ic a n t  
correla tions betw een  the fish com m unity  s tru c tu re  an d  
th e  p h y s ic a l  a n d  c h e m ic a l p r o p e r t ie s  th a t  w e re  
in vestiga ted  (Table 8). The h ighest co rrela tions w ere  
fo u n d  in the M ngazi E stuary  w h ere  e stuarine  resid en t 
species h ad  a correlation  (R) o f 0.31 w ith  salin ity , R = 
0.27 for salinity  an d  tem pera tu re  com bined, an d  R = 0.22 
fo r sa lin ity  a n d  tu rb id ity . H o w ev e r, n o n e  o f  th ese

correlations w ere  sign ifican t (p > 0.05).

Longitudinal distribution
A nalysis o f d a ta  from  the sm all an d  large seine nets 
p o rtray ed  d ifferen t fish co m m unity  s tru c tu ra l tren d s  
w ith in  an d  betw een  the tw o  estuarine  system s.

(a) Large seine net
The large seine n e t d a ta  ind ica ted  a degree of sim ilarity  
betw een  the fish com m unities in co rrespond ing  regions 
o f the tw o estuaries (Figures 5 and  6). The cluster analysis 
ind icated  a 61% sim ilarity  betw een  the fish assem blages 
in the low er reaches of M ngazi an d  M ngazana estuaries. 
The m idd le  reaches o f the tw o system s w ere 54% sim ilar 
an d  the tw o u p p e r  reaches less th an  50% sim ilar. The 
ANOSIM  procedure  ind icated  no significant differences 
b e tw e e n  th e  fish  a sse m b la g e s  in  th e  M n g a z i a n d  
M ngazana estuaries (P > 0.05 in  all cases) (Table 9).

(b) Sm all seine net
Similarities betw een fish assem blages in different regions 
w ith in  the sam e estuary  w ere  strong , w ith  both  M ngazi 
an d  M ngazana sh o w in g  reg ional sim ilarities g rea te r 
th an  70% except for the M ngazana low er reaches w hich  
w a s  an  o u tlie r  (F ig u res  7 a n d  8). In  a d d itio n , th e  
equivalent estuarine regions of both estuaries w ere m ore 
th a n  60% sim ilar, except the  M ngazana low er reaches, 
w h ich  w as d issim ilar.

A N O SIM  confirm ed these resu lts  w ith  sign ifican t 
d ifferences (P < 0.05) be tw een  the  M n g azan a  low er

0

30

I 40
1
Ë M

05

m

im

Figure 7. Sim ilarity  dendrogram  of the longitudina l
d istribu tion (CPUE) of the sm all mesh seine 
fish assem blages. The first two letters refer to 
estuarine region (UR  = upper reaches, M R = 
m iddle reaches and LR = lower reaches) and 
the last le tter refers to the estuary (A = 
M ngazana and I = M ngazi).
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Table 6. T he p ercen t  marine and  es tua r ine  sp e c ie s  composition per g e a r  type sam p led  during Ja n u a ry  and  J u n e  in the
M n g a zan a  Estuary, with an indication of the  geograph ic  affinity for e ach  sp ec ies .

Family Species Origin Gili net Large seine Small seine

January June January June January June

A m bassidae Ambassis ambassis Tropical 0.5

Ambassis dussumieri Tropical 19.2 1 2 5

Ambassis natalensis Tropical 0.3
Atherinidae Atherina breviceps Endem ic 55.3

Bothidae Bothus pantherinus Tropical 0.3 0 .2
C arangidae Caranx ignobilis Tropical 0 4 0.5

Caranx sexfasciatus Tropical 5.0 3.6 0 .2 1.6

Scomberoides commersonnianus Tropical 0.5

Scomberoides tol Tropical 0 8 1.1
C lupeidae Gilchristella aestuaria Endem ic 2 4 4 7 3 8

Hilsa kelee Tropical 2 5 0 9.5 0.6
Elopidae Elops machnatha Tropical 5.0 4 8

Engraulidae Thryssa vitrirostris Tropical 13.3 50 0 1 7 1.1
Fistulairidae Fistulana petimba Tropical 0.5

G erreidae Gerres filamentosus Tropical 0.4

Gerres metheuni Endem ic 0 8

Gobiidae Caffrogobius gilchhsti Endem ic 0 6

Caffrogobius natalensis Endem ic 0.2

Caffropgobius nudiceps Endem ic 0.2

Favonigobius reichei Tropical 0.1 0.5

Glossogobius biocellatus Tropical 0 1

Glossogobius callidus Endem ic 0.2 3.9

Oligolepis keiensis Tropical 3.9

Oxyurichthys ophthalmonema Tropical 0.3

Penophthalmus argentilineatus Tropical 0 .2
Psammogobius knysnaensis Endem ic 1.4

H aem ulidae Pomadasys commersonii Tropical 1 7 2.4 1.6

Pomadasys kaakan Tropical 0.2 0.3
Leiognathidae Leiognathus equulus Tropical 1 7 23 3 16.1
M onacanthidae Canthirhines dumerilii Tropical 0 .2
M onodactylidae Monodactylus argenteus Tropical 1.7 2 0 3

Mugilidae Liza alata Tropical 2.4 0.6 0.3
Liza dumerili Endem ic 12 3 1 5 6

Liza macrolepis Tropical 11.7 13.1 6.6 11
Liza richardsonii Endem ic 0.2 0.5

Liza tncuspidens Endem ic 1 7 0.4

Liza subviridis Tropical 0.3

Mugil cephalus Cosm opolitan 11.7 6.0 2 .5 2 .6

Myxus capensis Endem ic 0.6 7 .3

Valamugil buchanani Tropical 15.0 6.0 0.4
Platycephalidae Valamugil cunnesius Tropical 1.7 1.2 27.1 0.5

Valamugil robustus Endem ic 1.2 0.4 7.4

Paralichthyidae Pseudorhombus arsius Tropical 0 2 0.8 0.1

Platycephalidae Platycephalus indicus Tropical 0.4 0.8
S ciaen idae Argyrosomus japonicus Tropical 3.3 0.5

Siganidae Siganus sutor Tropical 0 8

S oleidae Solea bleekeri Endem ic 0.3 0.2 2.0

S paridae Acanthopagrus berda Tropical 3.3 1.5 1.6

Rhabdosargus holubi Endem ic 13.1 1 2 4

Rhabdosargus sarba Tropical 0.4 0 .3
S phyraenidae Sphyraena jello Tropical 0.6 2 1
Synodontidae Saurida gracilis Tropical 0.1 0 6
Teraponidae Terapon jarbua Tropical 0 4 0.3
Tetraodontidae Arothron hispidus Tropical 1.5

Arothron immaculatus Tropical 0.5

Torpedinidae Torpedo fuscomaculata Tropical 0.2

reaches an d  any  o ther reg ion  from  either estuary  (Table 
9).

The SIM PER ro u tin e  for the  sm all seine ne t catches 
sh o w ed  th a t the fo llow ing  species w ere  responsib le  for 
a p p ro x im a te ly  60% o f th e  d iffe ren ces  b e tw een  the  
M ngazana low er an d  m idd le  reaches: G. aestuaria (27%),

S. bleekeri (10%), G. callidus (10%) an d  A. breviceps (9%). 
The differences betw een the M ngazana u p p er and  low er 
reaches w ere  accoun ted  for by G. aestuaria (38%), A. 
dussumieri (14%) an d  A. breviceps (10%). SIM PER also 
sh o w ed  th a t app ro x im ate ly  60% o f the  d issim ilarities 
be tw een  the low er reaches o f M ngazi an d  M ngazana
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Table 7. The percen t  marine and  es tuarine  sp e c ie s  composit ion per g e a r  type sam p led  during Ja n u a ry  and  J u n e  in the
Mngazi Estuary, with an  indication of the  geograph ic  affinity for e a c h  spec ies .

Family Species Origin Gili net Large seine Small seine

January June January June January June

A m bassidae Ambassis dussumieri Tropical

Ambassis natalensis Tropical 0.0 0.1

Atherinidae Atherina breviceps Endemic 2.5 8.1

C arangidae Caranx ignobilis Tropical 1.5 2 7 0.4

Caranx sexfasciatus Tropical 1 0 4 8.2 0.2 1.4

Lichia amia Tem perate 4.1

Chanidae Chanos chanos Tropical 0.1

Clupeidae Gilchristella aestuaria Endemic 97 0 86 7

D asyatidae Gymnura natalensis Endemic 0.1

Elopidae Elops machnatha Tropical 1.5 4.1

Engraulidae Thryssa vitrirostris Tropical 2 9 3 0.2

G erreidae Gerres filamentosus Tropical 0.3

Gobiidae Caffrogobius gilchristi Endemic 0.2

Favonigobius reichei Tropical 0.1

Glossogobius callidus Endemic 0.1 2.9

Oligolepis acutipennis Tropical 0.0

Oligolepis keiensis Tropical 0.0 0.7

Oxhyurichthys ophthalmonema Tropical 0.1

Psammogobius knysnaensis Endemic 0.1

Haem ulidae Pomadasys commersonii Tropical 9.0 6.8 3.0 1.2

Leiognathidae Leignathus equulus Tropical 3.0 1.4 8 4 7 0

Mugilidae Liza alata Tropical 9.0 10 9 1.2

Liza dumerili Endemic 0.0 16.5 27.8

Liza macrolepis Tropical 3.0 20 6 2.0 2.0

Liza richardsonii Endemic 0.0 0.5

Liza tricuspidens Endemic 1.4 2.7 0.9 1.2

Mugil cephalus Cosmopolitan 23.9 16 4 0.8 2.7

Myxus capensis Endemic 1.5 6.8 4.0 5.7

Valamugil buchanani Tropical 9.0 1.4 0.1 0.1

Valamugil cunnesius Tropical 3.0 6.8 5 4 6 7.9

Valamugil robustus Endemic 6.0 1.4 1.7 0.7

Paralichthyidae Pseudorhombus arsius Tropical 0.5 0.5

Sciaenidae Argyrosomus japonicus Tropical 16.4 5.5 0.2

Soleidae Solea bleeken Endemic 0.2 0  8

S pandae Acanthopagrus berda T ropical 1.5 0.1

Diplodus sargus Tem perate 0.1

Rhabdosargus holubi Endemic 3.4 9.8

Rhabdosargus sarba Tropical 0.2

Sphyraenidae Sphyraena barracuda Tropical 1.5

Sphyraena jello Tropical 0.1

Terapom dae Terapon jarbua Tropical 0 8 0.4

Tetraodontidae Arothron hispidus Tropical 0.2

Zanclidae Zanclus canescens Tropical 0 1

estuaries w ere  accoun ted  for by G. aestuaria (34%), A. 
breviceps (17%) an d  G. callidus (7%).

Temporal changes
The sm all an d  large seine ne t da ta  from  M ngazi an d  
M ngazana estuaries ind ica ted  no  sign ifican t tem p o ra l 
changes in the  fish assem blages w ith in  each system  
(ANOSIM, P > 0.05). The large seine net data  ind icated  a 
clear area effect, w ith  the January  and  June sam ples m ore 
sim ilar w ith in  an  estu ary  th an  betw een  the  sam ples 
co llec ted  d u r in g  th e  sam e tim e  p e r io d  in  d iffe ren t 
estuaries. The M ngazi Jan u ary  an d  June sam ples w ere

67% sim ilar an d  those o f M ngazana w ere  70% sim ilar 
(Figures 9 an d  10). The sm all seine ne t da ta  ind ica ted  an 
80% sim ilarity  be tw een  the M ngazi Jan u ary  an d  June 
sam ples w hile  those o f M ngazana w ere  less th an  50% 
sim ilar (Figures 11 an d  12).

Biogeography
For the pu rp o ses  of th is s tudy , endem ic species together 
w ith  o ther species of tem pera te  origin w ill be referred  to 
as tem perate species, as the centre o f d istribution of South 
African endem ics lies w ith in  the tem perate region. In both 
the  M ngazi an d  M ngazana estuaries trop ica l species
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Table 8. S um m ary sta tistics for Spearm an corre la tions between environm enta l variab les and the fish com m unity 
com position (data com bined for January and June).

Variable M ngazana Estuary Mngazi Estuary

Marine sp e c ie s  E stuarine  sp e c ie s  Marine sp e c ie s  E stuarine sp e c ie s

R P R P R P R P

Temperature 0.02 >0.05 0.08 >0.05 0.12 > 0 .05  -0.03 >0.05
Salinity 0.12 >0.05 -0.09 >0.05 0.08 > 0 .05  0.31 > 0 .05

Turbidity 0 > 0 .05  0.03 > 0 .05  0 > 0 .05  -0.1 >0.05
Temperature/Salinity 0.1 >0.05 0.01 >0.05  0.15 > 0 .05  0.27 >0.05

Salinity/Turbidity 0.05 > 0.05 -0.01 > 0.05 0.07 > 0.05 0.22 > 0.05
Temperature/Turbidity -0.02 > 0 .05  0 >0.05 0.08 > 0 .05  -0.05 > 0 .05

do m in a ted  the fish fauna d u rin g  su m m er an d  w in te r, 
w h ile  the con tribu tion  o f tem p era te  an d  cosm opolitan  
species a tta in e d  a m ax im u m  o f 38% in th e  M ngazi 
E stuary d u rin g  w in te r bu t w as less th an  30% on all other 
sam p lin g  occasions (Figure 13). There w as an  increase 
in the  co n tribu tion  o f tem p era te  species d u rin g  June in 
bo th  system s, b u t these  tem p o ra l changes w ere  no t 
sta tistically  sign ifican t in both  the M ngazi (ANOVA, P 
> 0.06) an d  M ngazana (ANOVA, P > 0.95). The increase 
in the  d iv ersity  o f tem p era te  species d u rin g  June w as 
coup led  w ith  a decline in  the co n tribu tion  o f trop ical 
species in the  M ngazi E stuary  bu t n o t in the  M ngazana 
E stuary . W hen  the  Jan u a ry  a n d  June  d a ta  from  the 
M n g a z a n a  E s tu a ry  w e re  p o o le d , t ro p ic a l  sp e c ie s  
contributed  71% w hile tem perate species com prised 26% 
an d  cosm opolitan  species 3%. The overall con tribu tion  
o f trop ical species in the M ngazi E stuary  w as 63% w hile 
tem p era te  an d  cosm opolitan  species co n trib u ted  34% 
an d  3% respectively.

DISCUSSION
M arine taxa (Categories II and  III) com prised  the bulk of 
the fish species reco rded  in bo th  the M ngazana (66%) 
a n d  M n g a z i (67%) e s tu a r ie s , th u s  in d ic a t in g  th e  
considerable influence exerted  by the sea, as o p posed  to 
the river, on these system s. S im ilar find ings have been 
recorded by several authors. For exam ple, m arine species 
w e re  th e  m o s t  im p o r ta n t  c o m p o n e n t o f  th e  f ish  
com m unity  in the p e rm an en tly  open  Palm iet (Bennett 
1989), Kowie an d  G reat Fish estuaries (W hitfield et al. 
1994) in  S outh  A frica. M arine species also do m in a ted  
th e  fish  tax a  in  th e  Elbe E stu a ry  (G erm any) in  the

N o rth e rn  H em isphere  (Thiel & P o tter 2001). The sam e 
g ro u p  w as less im p o rtan t an d  only  com prised  36% of 
the to ta l n u m b er o f species in the p red o m in an tly  closed 
Bot E stuary  (Bennett 1989). The low  rep resen ta tio n  of 
m arine  taxa in  the  Bot E stuary  w as a ttrib u ted  to  the 
in freq u en t open ing  o f the  e stu ary  m o u th , w h ich  blocks 
the recru itm ent o f m arine fishes into the estuary. Sim ilar 
re su lts  w e re  o b ta in e d  from  C iskei e s tu a rie s  w h e re  
perm anently  open system s h ad  m ore m arine species than  
those th a t o p en ed  in te rm itten tly  (V orw erk et al. 2001). 
The degree o f connection  betw een  the estuary  an d  the 
ad jacen t m arine  en v iro n m en t is k n o w n  to affect the 
s tru c tu re  o f  fish  co m m u n itie s  in  e s tu a r ie s  (Kok & 
W hitfield  1986, Bennett 1989, W hitfield  etal. 1994). Since 
m arine  species m ake an  im p o rtan t con tribu tion  to  the 
fish  c o m m u n itie s  in  e s tu a r ie s  (D ay et al. 1981), a 
p e rm an en tly  o pen  m o u th  allow s con tin u o u s access to 
an  estuary , resu ltin g  in  a h ig h er species d iv ersity  of 
m arin e  taxa w h e n  c o m p ared  to  in te rm itte n tly  o pen  
estuaries.

Beckley (1984) also fo u n d  m arine  species to  be the 
d o m in a n t  ta x a  in  th e  S u n d a y s  E s tu a ry  (SA) a n d  
concluded  th a t the  dom inance o f juven ile  m arine  fishes 
in  estuaries, to g e th e r w ith  th e ir  absence from  o th e r 
coasta l e n v iro n m e n ts , illu s tra te s  th e  im p o rtan ce  of 
e s tu a r ie s  as n u rs e ry  a rea s . P re v io u s  s tu d ie s  h av e  
exp lained  the u tilisation  o f estuaries by juven ile  m arine 
fish w ith  respect to the availability of calm w aters, shelter, 
su itable food and  p ro tection  from  piscivorous p reda to rs 
(Blaber & Blaber 1980, C yrus & Blaber 1987a, 1987b, 
P aterson  & W hitfie ld  2000a, 2000b). The dom inance  of 
m arine  species in  the  M ngazi an d  M ngazana estuaries

Table 9. Regional analysis of s im ilarities (ANOSIM ) between the M ngazi and M ngazana sm all and large mesh seine net 
fish assem blages. The firs t two letters refer to the estuarine region (UR  = upper reaches, M R = m iddle reaches 
and LR = lower reaches) and the last le tter refers to the estuary (A = M ngazana and I = M ngazi).

Small se in e  net Large se in e  net

E stuarine region R sta tis tic  Sign, level P R sta tis tic  Sign, level P

LRA, MRA 0.21 0.025 0 09 9
LRA, URA 0.25 0.018 0 18 1 8
MRA. URA -0.12 0.879 -0.01 50.5
LRI. MRI -0 04 0.633 0.2 0.1
LRI. URI 0 23 0 127 0 53 0.1
MRI. URI 0 3 9 0.067 0 14 1.5
LRA, LRI 0 3 8 0001 0.05 6.9

MRA, MRI -0.02 0.541 0 2 3 0.1
URA, URI 0.24 0.125 0 16 2.9
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Figure 8. MDS plot of the longitudina l d istribu tion (CPUE) 
of the sm all mesh seine net fish assem blages. 
The firs t two letters re fer to estuarine region 
(UR = upper reaches, M R = m iddle reaches 
and LR = lower reaches) and the last letter 
refers to the estuary (A = M ngazana and I = 
Mngazi).
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Figure 10. MDS plot of the large mesh seine net fish
assem blages co llected in sum m er (January) 
and w in ter (June) (S = Sum m er, W  = W inter, ZA 
= M ngazana and Zl = M ngazi).
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Figure 12. MDS plot of the sm all mesh seine net fish
assem blages co llected in sum m er (January) 
and w in ter (June) (S = Sum m er, W  = W inter, ZA 
= M ngazana and Zl = M ngazi).

Figure 9. Sim ilarity  dendrogram  o f the large mesh seine 
fish assem blages co llected in sum m er 
(January) and w nter (June) (S = Sum m er, W  = 
W inter, Z A =  M ngazana and Zl = M ngazi).
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Figure 11. Sim ilarity  dendrogram  of the sm all mesh seine 
fish assem blages co llected in sum m er 
(January) and w in ter (June) (S = Sum m er, W  = 
W inter, Z A =  M ngazana and Zl = M ngazi).

is p robab ly  related  to  the  considerable m arine influence 
on  th ese  sy stem s a n d  a lso  in d ica te s  th a t th e  s tu d y  
estuaries p ro v id e  su itab le  n u rse ry  cond itions for the 
ju ven iles o f these m arin e -sp aw n ed  fishes.

A lthough  m arine taxa w ere  dom in an t in term s o f the 
n u m b er o f species, their contribution to the total num ber 
o f fish cau g h t w as low  (32% at M ngazana an d  14% in 
the M ngazi estuaries). This result contradicts the findings 
o f som e o th e r s tu d ies  con d u cted  in  som e p e rm an en tly  
open  estuaries in  S outh  Africa. For exam ple, m arine 
species d o m in a ted  the catch in te rm s o f ab u n d an ce  in 
the Kowie an d  G reat Fish estuaries (W hitfield et al. 1994) 
an d  Palm iet Estuary (Bennett 1989). Cow ley & W hitfield 
(2001) rep o rted  a sign ifican t increase in the abundance  
o f selected  m arine  fishes fo llow ing  an  ex tended  open  
m o u th  p h a s e  in  th e  in te r m i t t e n t ly  o p e n  E a s t 
K le in e m o n d e  E s tu a ry . T h e  in c re a s e  in  p e r c e n t  
co n tribu tion  o f m arine  species w ith  an  increase in the 
degree o f m arine influence illustra tes the im portance  of 
m a r in e  c o n n e c tiv i ty  in  d e te rm in in g  f ish  sp e c ie s  
com position in estuaries. W hile the estuary  m ou th  sta tus 
in flu e n c e s  sp ec ies  c o m p o s itio n , fish  a b u n d a n c e  is 
possib ly  in fluenced  by both  m o u th  s ta tu s  as w ell as the 
size d ifferences be tw een  m arin e  an d  estu a rin e  taxa.
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These factors m ig h t p a rtia lly  exp la in  th e  n u m erica l 
dom inance  by estuarine  species o f the  s tu d y  system s.

A lth o u g h  th e  M n g az i E s tu a ry  c o n ta in e d  few er 
species, the to ta l n u m b er of fish cap tu red  in th is system  
w as g rea te r th an  th a t in  the  M ngazana Estuary . The 
p lan k tiv o ro u s estuarine  species, Gilchristella aestuaria, 
w as prim arily  responsible for this difference as its CPUE 
in the  M ngazi E stuary  w as m ore th an  n ine  tim es th a t 
recorded in the M ngazana Estuary. The goby Glossogobius 
callidus an d  juven iles of the m ug ilid  Valamugil cunnesius 
also co n trib u ted  to  the e levated  ab u n d an ce  o f fishes in 
the M ngazi E stuary , w ith  the CPUE o f these species in 
the M ngazi E stuary being m ore than  tw ice tha t recorded  
in the M ngazana Estuary . V orw erk  et al. (2003) found  
th a t the  m ain  difference betw een  fish com m unities in 
p e rm a n e n tly  o p e n  a n d  in te rm it te n tly  o p e n  C iskei 
e s tu a r ie s  w a s  th a t  th e  fo rm e r  h a d  h ig h e r  sp ec ie s  
d iv ersity  w h ile  the  la tte r h ad  g rea te r fish abundance  
(CPUE). E s tu a r in e  sp ec ie s  a lso  a c c o u n te d  fo r th e  
in c r e a s e d  a b u n d a n c e  o f  f is h e s  in  th e  C isk e i 
in te rm itte n tly  o p en  es tu a rie s  (V orw erk  et al. 2003). 
R esults from  the cu rren t s tu d y  revealed  a sim ilar trend . 
The M ngazi E stuary  w ith  its shallow  (and occasionally  
closed) m o u th  h ad  a h ig h e r p ro p o rtio n  an d  abundance  
o f estuarine  species w h en  co m p ared  to  the  M ngazana 
E stu a ry  w ith  its w ell d ev e lo p e d  p e rm a n e n tly  o pen  
m ou th . The g rea te r ab u n d an ce  o f e stuarine  fishes in 
in te rm itten tly  o pen  estuaries m ay  be a resu lt o f these 
system s being  m ore  p hysica lly  stab le  (w hen closed) 
c o m p a re d  to  p e r m a n e n t ly  o p e n  e s tu a r ie s ,  th u s  
facilitating greater reproductive success for resident taxa 
(Bennett 1989).

The re s id en t G. aestuaria w as  the  m o st a b u n d a n t 
estuarine  species in bo th  system s an d  co n trib u ted  27% 
to the to tal nu m b er of fish cap tu red  from  the M ngazana 
E stuary  an d  77% in the M ngazi Estuary . The success of 
G. aestuaria in these estuaries m ay  be a ttr ib u ted  to  its 
eu ry top ic  tra its such  as w ide  d istribu tion , b road  hab ita t 
to lerance range an d  p ro lo n g ed  b reed ing  period . The 
differences in the abundance of this species in the M ngazi 
a n d  M n g azan a  e s tu a rie s  m ay  be re la te d  to  v a rio u s  
factors including the freshw ater residence tim e an d  tidal 
influence. There is no d a ta  on tid a l flux in e ither o f the 
s tu d y  system s, bu t clearly  the  n a rro w  (and shallow ) 
m o u th  o f  th e  M n g az i E s tu a ry  w o u ld  re s tr ic t tid a l 
in te rc h a n g e  b e tw een  th is  e s tu a ry  a n d  th e  ad jacen t 
m arine  env ironm ent. F u rtherm ore , freshw ater flow ing 
into the M ngazi Estuary w o u ld  rem ain w ith in  the system  
for longer p e rio d s th u s  possib ly  su sta in in g  p lank ton ic  
p ro d u c tio n  u p o n  w h ich  G. aestuaria d epends. E stuary  
m o u th  closure can also increase forag ing  areas d u e  to 
pro longed (not only at high tide) inundation  o f intertidal 
an d  su p ra tid a l hab ita ts  (Kok & W hitfield  1986). The 
long residence tim e o f estuarine  w a te r  also allow s the 
developm ent o f h igh p lank ton  densities for Zooplankton 
feeders such  as G. aestuaria (Day etal. 1981). In contrast, 
the  s tro n g  m arine  exchange in the  p e rm an en tly  open  
M ngazana E stuary  reduces w a te r residence tim e in this 
system . The fresh w ater d o m in a ted  G reat Fish E stuary  
y ie ld ed  low er catches o f larval an d  juven ile  G. aestuaria 
th an  the freshw ater dep riv ed  K ariega E stuary, possib ly  
a re su lt o f h ig h  river flow s th a t flu shed  early  life stages

of this species into the sea (Strydom  et al. 2002). A  sim ilar 
situation  can be hypo thesized  for the M ngazana Estuary 
w ith  its s tro n g  tid a l action.

In  b o th  e s tu a rie s , fishes be lo n g in g  to  the  fam ily  
M ugilidae an d  G obiidae w ere  rep resen ted  by the m ost 
n u m b er o f species. M ugilids are am ong the m ost diverse 
an d  ab u n d an t m arine species in South A frican estuaries, 
in c lud ing  the East K leinem onde (Cow ley & W hitfield  
2001), S undays (Beckley 1984), M hlanga, Z o tsha  an d  
D am ba (H arriso n  & W hitfie ld  1995), as w ell as the 
W ilderness an d  S w artv lei lake system s (Russell 1996). 
The d o m in an ce  o f  m u lle t sp ec ies  in  S o u th  A frican  
estuaries m ay be related  to a num ber of factors including 
the y ea r-ro u n d  availability  o f large am o u n ts  o f de tritu s  
(their p rim ary  food sou rce), as w ell as the fact th a t m ost 
o f these species are euryhaline (W hitfield 1996) and  have 
ex tended  sp aw n in g  seasons th a t facilitate recru itm en t 
d u rin g  m ost seasons o f the  year (W hitfield & Kok 1992). 
The success o f m ugilids in in term itten tly  open  estuaries 
is also ascribed to their ability to recruit du ring  overw ash 
cond ition  w hile  the e stu ary  m o u th  is closed (Cow ley et 
al. 2001). The d iv ersity  o f gob iids in  the  s tu d y  estuaries 
m ay  be linked  to the co lonisation  o f these system s by 
s p e c ie s  f ro m  b o th  th e  m a r in e  a n d  f r e s h w a te r  
environm ents. In add ition , there are also estuarine goby 
species tha t have becom e resident in these environm ents 
(W hitfield 1998).

In  b o th  the  M ngazi an d  M n g azan a  es tu a rie s  the  
h ig h est n u m b er o f species w ere  reco rded  d u rin g  June, 
p rim arily  d u e  to  an  increased  con tribu tion  o f m arine 
stragglers (Category III) (Table 5). The increase in m arine 
stragglers d u rin g  June is possib ly  a function  of the m ore 
stable salin ity  regim e in the estuaries d u rin g  th is w in te r 
p e rio d  (Figures 2 an d  3).

T he reco rd ed  increase  in  fish  a b u n d an ce  d u rin g  
sum m er and  decrease in w in ter is not unique to the study  
estuaries. U sing gili nets, M arais (1983) an d  P lum stead  
etal. (1989) recorded higher CPUE values during  sum m er 
m o n th s in o ther E astern  C ape estuaries. These resu lts  
are sim ilar to o ther s tud ies in the N o rth ern  H em isphere 
w here  an  increase in abundance  o f larvae, juveniles and  
ad u lt fishes w as reco rded  d u rin g  su m m er w ith  low  fish 
num bers being found  d u rin g  w in te r (Kennish 1990). The 
increase in fish ab u n d an ce  in  S outh  A frican estuaries 
d u rin g  the su m m er m o n th s can be a ttrib u ted  to  peak  
recru itm en t d u rin g  sp ring  for m ost species (W hitfield & 
Kok 1992, W hitfield  1998) to g e th e r w ith  the seasonal 
ab u n d a n c e  o f  p r im a ry  a n d  seco n d a ry  food  so u rces  
(Cam pbell etal. 1991). Some au thors (e.g. Blaber & Blaber 
1980, C y ru s & B laber 1987a) h av e  fo u n d  a po sitiv e  
correlation betw een w a te r tu rb id ity  an d  the d istribu tion  
(and abundance) o f juven ile  m arine  fishes. Since the 
M ngazi and  M ngazana estuaries lie in a su m m er rainfall 
region, the expected  increase in  tu rb id ity  could  also be 
the reason  for increased  fish abu n d an ces d u rin g  th is 
season. D u rin g  th is  s tu d y  the  tu rb id ity  in the M ngazi 
E stuary  (but no t in the M ngazana) w as h ig h er d u rin g  
su m m er th an  in w in te r  (Figures 2 an d  3).

T he M n g az i a n d  M n g azan a  e s tu a r ie s  h a d  m ore  
s p e c ie s  w h e n  c o m p a re d  to  th e  W e s te rn  C a p e  
p e r m a n e n t ly  o p e n  P a lm ie t  (18 sp e c ie s )  a n d  th e  
p red o m in an tly  o pen  K leinm ond (15 species) estuaries.
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Figure 13. The percentage contribution of species from  each biogeographic category to the total num ber of species 
captured in January (sum m er) and June (w inter) in the M ngazana and M ngazi estuaries.

The fish  sp ec ies  d iv e rs ity  in  e s tu a rie s  is k n o w n  to 
increase from  the w est to  the east coast o f S outh  A frica 
(W h itf ie ld  1998, H a r r is o n  2002). B ecause  o f  th e ir  
geographic position, the M ngazi and  M ngazana estuaries 
w o u ld  be expected  to  have m ore  species th an  sim ilar 
system s fu rth e r sou th . A ccord ing  to H arriso n  (2003) 
S o u th  A frican  es tu a rie s  m ay  be g ro u p e d  in to  th ree  
biogeographic  regions, w ith  the s tu d y  estuaries located 
w ith in  the subtropical region, approxim ately 25km north  
of the w arm  tem perate boundary  at the M dum bi Estuary 
(31° 55’ S; 29° 12’ E). Because the M ngazi an d  M ngazana 
estuaries lie w ith in  a transitio n a l zone, the s tu d y  sites 
w ere expected to be dom inated  by tropical species bu t to 
also contain  m odera te  nu m b ers  of tem pera te  taxa.

Both tem p era te  an d  trop ica l species w ere  p re sen t in 
the s tu d y  estuaries w ith  th e ir  p ro p o rtio n s  d isp lay ing  
som e tem p o ra l changes (Figure 13). A ltho u g h  trop ical 
species dom inated  the ichthyofauna du ring  sum m er and  
w in te r, tem p era te  species sh o w ed  a tre n d  o f increased  
d iv e rs ity  an d  a b u n d an ce  d u rin g  w in te r  (Figure 13). 
B ranch  & G rin d le y  (1979) su g g e s te d  th a t  se a so n a l 
c h a n g e s  in  th e  M n g a z a n a  E s tu a ry  f ish  s p e c ie s  
com position  w ere  linked  to trop ica l species ex tend ing  
th e ir ranges so u th w ard s  d u rin g  su m m er an d  tem perate  
species ex tend ing  th e ir d is trib u tio n  n o rth w ard s  d u rin g  
the w in te r m onths. The resu lts  from  th is  s tu d y  indicate 
th a t a lthough  the species com position  in  the M ngazana 
E s tu a ry  s u p p o r t  th is  h y p o th e s is , th e re  w e re  som e 
changes, viz. there  w as a la rger p ro p o rtio n  o f trop ical 
species and  few er tem perate species during  both sum m er 
an d  w in te r  w h en  co m p ared  to  the su m m er an d  w in te r 
fish data reported  by Branch & G rindley (1979). A lthough

tropical species dom in a ted  the M ngazana ich thyofauna 
d u rin g  b o th  Jan u a ry  an d  June, B ranch & G rin d ley s 
(1979) w in te r  da ta  ind ica ted  a sligh t decrease (4%) in 
th e  p e rcen tag e  tro p ica l species, acco m p an ied  by an 
increase (6%) in the percentage tem perate species. D uring 
this study  the percentage of tropical species (71%) show ed 
no  tem p o ra l changes w h ile  tem p era te  species sh o w ed  
only  a sligh t increase (2%) d u rin g  w in te r  (Figure 13). 
A lthough  this difference w as no t statistically  significant 
(P > 0.05), it co u ld  be b io lo g ica lly  im p o rta n t. The 
in c rea sed  v a rie ty  o f tro p ica l species a n d  d ec reased  
n u m b ers  o f tem p era te  species in  the M ngazana E stuary  
d u rin g  bo th  su m m er an d  w in te r  could  be an  ind ication  
o f climate change (increased average w ater tem peratures 
in  th e  m a r in e  a n d  e s tu a r in e  e n v iro n m e n ts ) . Such  
tem p era tu re  changes affect the  seasonal m ig ra tions of 
bo th  trop ica l an d  tem p era te  species (K ennish 1986).

The average M ngazana E stuary  w a te r tem p era tu re  
w as 2° C h ig h er in w in te r an d  5° C h ig h er in su m m er 
d u r in g  th is  s tu d y  th a n  th e  w in te r  a n d  s u m m e r  
tem p era tu res  rep o rted  by B ranch & G rind ley  (1979). 
C onsequen tly , it is tem p tin g  to  associate the observed  
te m p o ra l ch an g es in  th e  fish  c o m m u n ity  s tru c tu re  
d u rin g  1975-1977 an d  2001-2002 to  longer te rm  changes 
in  w a te r  tem p era tu re . S im ilar changes in the  species 
c o m p o s i t io n  o f  f a u n a  in  m a r in e  a n d  e s tu a r in e  
e n v iro n m e n ts  h av e  b een  re p o r te d  in  th e  N o rth e rn  
H em isp h e re . A ttrill & P o w er (2002) fo u n d  clim atic 
variab ility  to  have a p rinc ipa l con tro lling  influence on 
the  fish co m m unity  s tru c tu re  an d  ab u n d an ce  o f m any  
m arin e  species fo u n d  in the  T ham es E stuary . In the 
T ham es, the increase in species d iversity  d u rin g  w arm
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w in ter years w as attribu ted  to the increase in the num ber 
of w arm  w ate r species, w hich  norm ally  do  no t penetrate  
th is  coo l-tem perate  es tu ary  (A ttrill & P ow er 2002). A n 
eco sy stem  re sp o n se  c o n s is te n t w ith  th e  in c rea s in g  
N o rth e rn  H em isphere  tem p era tu res  w as observed  in 
te r r e s t r i a l  e c o s y s te m s , s u g g e s t in g  th a t  c o m m o n  
atm ospheric  processes have influenced  both  the m arine 
(including estuaries) and  terrestrial faunal com m unities. 
In the  N o rth  Sea, the  increase in  the  average m in im um  
an d  m ax im um  tem p era tu res  over the p a s t decade has 
been pa ra lle led  by a decline in the ab u n d an ce  o f cold 
w a te r species such  as the  cod (Gadus morhua) (O’Brien et 
al. 2000). T herefo re, the  changes in  fish co m m u n ity  
structu re  in the M ngazana E stuary and  faunal structures 
of o ther system s in the N orthern  H em isphere m ay reflect 
an  ecosystem  sh ift to w ard s  a w a rm e r g lobal dynam ic 
equilib rium , an  ecological m odification  expected u n d e r 
clim atic w arm ing .

C lim a tic  c o n d itio n s  su ch  as th e  N o r th  A tla n tic  
O sc illa tio n  (N A O ) h a v e  b een  u s e d  to  e x p la in  th e  
varia tio n  in com position  o f juven ile  m arine  fish d u rin g  
th e ir  e s tu a r in e  re s id e n c y  p e r io d , p r im a r ily  d u e  to  
tem perature differences betw een the m arine environm ent 
an d  the  e s tu a ry  (A ttrill & P o w er 2002). H ig h er fish 
species d iversity  has been rep o rted  d u rin g  h igh  N A O  
(w arm  w in ter) events, th u s a llow ing  m ore  species w ith  
a p reference  for w a rm  w ate rs  to  en te r the e stuarine  
env ironm en ts. A lth o u g h  differences in the  sam p lin g  
effort canno t be d isco u n ted  as a possib le  reason  for the 
in c rease  in  th e  n u m b e r  o f  sp ec ies  re c o rd e d  in  the  
M ngazana E stuary  d u rin g  th is s tu d y  w h en  com pared  
to  n u m b ers  reco rded  by Branch & G rind ley  (1979), the 
in flu en ce  o f h ig h e r  w a te r  te m p e ra tu re s  c a n n o t be 
discredited .

It has been su g g ested  th a t sa lin ity  influences the 
lo n g itu d in a l d is tr ib u tio n  o f fishes in  estuaries, w ith  
sp e c ie s  d iv e rs ity  a n d  r ic h n e ss  in c re a s in g  w ith  an  
increase in  salin ity  from  the  estu ary  h ead  to  the m o u th  
(M arais 1988, H en d e rso n  1989, W hitfie ld  1998). The 
BIOENV resu lts o f th is  s tu d y  ind ica ted  no correla tions 
betw een  salin ity  an d  the fish co m m unity  s tru c tu re  in 
bo th  the  M ngazi an d  M ngazana  estuaries (Table 8). 
H o w ev er the m id d le  an d  low er reaches con ta ined  the 
m o st species an d  h ig h e r fish ab u n d an ces, w h ile  the 
u p p e r  reaches con ta ined  the least in both  estuaries. The 
physico-chem ical da ta  ind ica ted  th a t in bo th  estuaries, 
sa lin ity  w as  low er in the  u p p e r  reaches th a n  in  the 
m id d le  an d  low er reaches. O th er s tu d ies  rep o rted  no 
d irect re la tionsh ip  betw een  the salin ity  reg im e an d  the 
d is trib u tio n  o f fishes in estuaries. For exam ple, there  
w ere  no  s ign ifican t lo n g itu d in a l changes in the  fish 
com m unity  structure  of the Kariega Estuary even though  
there w as a reversed  salinity  g rad ien t in this system  (Ter 
M orshuizen  & W hitfield  1994). V orw erk etal. (2003) also 
found  no clear re la tionsh ip  betw een salinity  and  the fish 
assem blage s tru c tu re  in som e p e rm an en tly  open  and  
in te rm itten tly  open  E astern  C ape estuaries. A ltho u g h  
sa lin ity  m a y  h a v e  in f lu e n c e d  th e  fish  c o m m u n ity  
s tru c tu re  in  the M ngazi an d  M ngazana estuaries, the 
resu lts  o f th is s tu d y  indicate th a t it w as no t the p rim ary  
factor d e te rm in in g  the lo n g itu d in a l d is trib u tio n  o f fish 
in these system s.

A nalysis o f the  lo n g itu d in a l d is trib u tio n  o f fish in 
relation to the w ater tem pera tu re  along each of the study  
estuaries d id  n o t sho w  any  sign ifican t p a tte rn s  (Table 
8). C om binations o f extrem e tem p era tu res  an d  salinities 
have been sh o w n  to have d ev asta tin g  effects on fish 
com m unities in estuaries (Blaber & W hitfield 1976, Cyrus 
& M clean 1996). The com bination  o f tem p era tu re  an d  
sa lin ity  in  th e  M n g az i E s tu a ry  s h o w e d  a p o s itiv e  
co rrela tion  (R = 0.3) w ith  the  lo n g itu d in a l d is trib u tio n  
o f e stuarine  fishes bu t th is w as n o t s ign ifican t (P > 0.5) 
(Table 8). There w ere  also no sign ifican t correla tions 
b e tw een  the  d is tr ib u tio n  o f  fish  a n d  the  p re v a ilin g  
tu rb id ity  reg im e in  e ith er the  M ngazi o r M ngazana 
estuaries. T u rb id ity  influences the fish com m unities in 
various w ays, inc lud ing  acting  as a cue for the juveniles 
o f m arine  fishes en tering  estuaries, p ro tec ting  juven iles 
from  v isual p re d a to rs  (Blaber & Blaber 1980) as w ell as 
reducing  intra-specific p red a tio n  (Blaber & C yrus 1983). 
The lack o f a sign ifican t influence o f tu rb id ity  d u rin g  
th is  s tu d y  m ay  be re la ted  to  the  fact th a t tu rb id ity  w as 
genera lly  low  (< 20 NTU) th ro u g h o u t bo th  estuaries 
(Figure 2 an d  3).

In sp ite  o f the  d ifferences in th e ir  m o u th  dynam ics 
a n d  d o m in a n t f r in g in g  v e g e ta tio n , th e re  w e re  no  
sign ifican t d ifferences in the  lo n g itu d in a l d is trib u tio n  
o f bo th  m arine  an d  estuarine  fishes betw een  the tw o  
system s (Table 9), w ith  the exception  o f the  M ngazana 
low er reach  estuarine  assem blage. The tw o  trib u ta ries  
th a t b ring  freshw ater into the M ngazana E stuary  low er 
reaches are a possib le  reason  for the  sep ara tio n  o f th is 
estuarine  fish assem blage. The species th a t accoun ted  
for these differences w ere  Gilchristella aestuaria, Atherina 
breviceps, Glossogobius callidus an d  Ambassis dussumieri. 
Gilchristella aestuaria and  G. calliduswere m ore ab u n d an t 
in  the  M ngazi low er reach, w hile  A. dussumieri an d  A. 
breviceps w ere  m ore  a b u n d a n t in the  low er M ngazana 
Estuary.

D ifferences b e tw een  e s tu a rin e  fish  co m m u n itie s  
u su a lly  arise from  a n u m b e r o f factors, inc lu d in g  the 
geog raph ic  location, catchm ent size, es tu ary  size an d  
m o u th  dynam ics (W hitfield 1996). W ith the exception of 
ca tchm en t size an d  m o u th  sta tu s, these factors w ere  
com parable betw een the tw o estuaries. One w ay  in w hich 
the catchm ent size affects estuaries is by influencing  the 
am o u n t o f ru n o ff  th a t reaches the  estuary . D ata on the 
to ta l  ru n o f f  re a c h in g  th e  M n g a z i a n d  M n g a z a n a  
estuaries is no t available. A lthough  the M ngazi E stuary  
has a la rger catchm ent, the am o u n t o f ru n o ff reaching  
th is  system  canno t be d irectly  linked  to  the  catchm ent 
size as som e w a te r  is ab s tra c te d  from  th e  r iv e r  for 
i r r ig a t io n  p u rp o s e s .  T he t im in g  o f  th e  s a n d  b a r  
developm ent in the M ngazi E stuary m o u th  (in w inter) is 
n o t sy n ch ron ised  w ith  the recru itm en t p e rio d  o f m ost 
m arine  fishes (spring  an d  early  su m m e r), an d  th is m ay 
p a rtly  explain  the lack o f d ifferences in the  d is trib u tio n  
o f juven ile  m arine  fishes in the  M ngazi an d  M ngazana 
es tu a rie s . The lack o f  s ig n if ican t d iffe ren ces in  the 
co m m u n ity  s tru c tu re  o f  bo th  estu arin e  an d  juven ile  
m arine  fishes betw een  the tw o  estuaries suggests  th a t 
the  function ing  o f these system s is p erce ived  as being 
sim ilar by the fishes th a t u tilise them .
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