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T H E  R O L E  O F  P R O T E C T E D  A R E A S  I N  T H E  C O N S E R V A T I O N  A N D

M A N A G E M E N T

O F  F I S H E R I E S  I N  T H E  C H O B E  D I S T R I C T  O F  B O T S W A N A

D E C L A R A T I O N

I d e c la re  th a t  th is  th e s is  is  h e re b y  su m m ite d  to  R h o d e s  U n iv e rs ity  fo r  a  M a s te r  o f  S c ie n ce  in  

Ic h th y o lo g y  an d  F ish e rie s  sc ie n c e  (M a n a g e m e n t)  an d  h as  n o t b e e n  su b m itte d  fo r  a  d e g re e  a t an y  

o th e r  U n iv e rs ity . T h is  is  m y  e ffo rt; T h e  ro le  o f  P ro te c te d  A re a s  in  th e  C o n se rv a tio n  and  

M a n a g e m e n t o f  f ish e rie s  in  th e  C h o b e  d is tr ic t o f  B o tsw a n a  an d  I h a v e  n o t p la g ia rise d  a n y o n e 's  

w o rk , id e a s , p h ra se s , p a ssa g e s , p h o to g ra p h s  o r  illu s tra tio n s  w ith o u t p r io r  an d  c o m p le te  

a c k n o w le d g m e n t o f  th e ir  a u th o rsh ip .
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A B S T R A C T

T h is  s tu d y  w a s  a im e d  a t b e tte r  u n d e rs ta n d in g  th e  fu n c tio n  o f  p ro te c te d  a reas  as a  m a n a g e m e n t 

s tra teg y  fo r  th e  C h o b e  D is tr ic t  f ish e ry  in  B o tsw a n a , b y  f ir s t  in v e s tig a tin g  th e  re la tiv e  a b u n d an c e  

in  f ish  c o m m u n itie s  in  an d  o u ts id e  p ro te c te d  a reas  an d  sec o n d ly , b y  p e rfo rm in g  an  a sse ssm e n t o f  

th e  b io lo g y  o f  c o m m e rc ia lly  im p o r ta n t la rg e  c ich lid  sp ec ie s  v iz  th re e sp o t ti la p ia  Oreochromis 

andersonii, g re e n h e a d  tila p ia  Oreochromis macrochir an d  re d b re a s t ti la p ia  Coptodon rendalli.

In  th is  s tu dy , d a ta  an d  sp ec im e n s  w e re  c o lle c te d  d u rin g  seaso n a l su rv ey s  b e tw e e n  S e p te m b e r 2 0 1 4  

an d  A p ril 2 0 1 5 , u s in g  th e  s tan d a rd  g ra d e d  fle e ts  o f  g illn e ts  e m p lo y e d  in  o th e r  p ro g ra m m e s  in  th e  

reg io n , to g e th e r  w ith  D -n e ts , a n g lin g  an d  e lec tro -fish in g . T h e  s tu d y  d e m o n s tra te d  th a t  fish  

c o m m u n itie s  in  th e  f lo o d p la in  e co sy s te m s  in  th e  C h o b e  D is tr ic t  o f  B o tsw a n a  w e re  re p re se n ta tiv e  

o f  th e  re g io n , c o n ta in in g  so m e 70  sp ec ie s  in  14 fam ilie s . T h is  s tu d y  a lso  d e m o n s tra te d  th a t  fo r  all 

th e  sp ec ie s  co lle c te d , th e  m e a n  C a tch  P e r  U n it E f fo r t  (C P U E ) b y  w e ig h t fo r  all th e  sp ec ie s  w a s  

s ig n if ic a n tly  h ig h e r  in  p ro te c te d  a reas  (K ru sk a l W a llis  T est; P < 0 .0 5 ) n am ely , Z ib a d ia n ja  L a g o o n  

(38  ±  31 k g /n e t.n ig h t"1 a n d  S avu ti R iv e r /m a rsh  25 ±  19 k g /n e t.n ig h t"1) th a n  in  th e  fish e d  C h o b e  

R iv e r  f lo o d p la in s  C P U E  (6  ±  3 k g /n e t.n ig h t-1).

B io lo g ic a l c o n tr ib u tio n s  w e re  e s tim a te s  o f  lo n g e v ity , g ro w th  an d  m a tu rity  fo r  O. andersonii, O. 

macrochir an d  C. rendalli. A g e  an d  g ro w th  w e re  e s tim a te d  u s in g  sec tio n e d  sag itta l o to lith s . T h e  

V o n  B e rta la n ffy  g ro w th  e q u a tio n  fro m  o to lith  d e riv e d  le n g th  a t ag e  w a s  Lt(mm) = 2 9 8  (1 -e -0 59(t=- 

098)) fo r  O. andersonii an d  Lt(mm) =  3 3 7  (1 -e -0'20(t=-235)) fo r  C. rendalli. T h e  re su lts  in d ic a te d  th a t 

p ro te c te d  a reas  e n h a n c e d  fish  lo n g e v ity , an d  f ish  in  p ro te c te d  a reas  w e re  la rg e r  an d  o ld e r  th a n  

th o se  in  e x p lo ite d  areas. M a tu r ity  e s tim a te s  fo r  th e  la rg e  c ich lid s  w e re  c o n s is te n t w ith  o th e r 

re se a rc h  in  th e  re g io n  an d  th e  le n g th -a t-5 0 %  m a tu rity  w a s  e s tim a te d  as 2 5 0 m m  L t  fo r  O. 

andersonii, 225  m m  L t  fo r  O. macrochir an d  2 1 0  m m  L t  fo r  C. rendalli.

M a n a g e m e n t re c o m m e n d a tio n s  a re  th e re fo re  to  re ta in  g ill n e t m e sh  s ize  re g u la tio n s  th a t e n su re  

th a t th e se  fish  re a c h  m a tu rity  an d  can  b re e d  b e fo re  b e in g  h a rv e s te d  an d  to  a sse ss  th e  p o ss ib ility  o f  

in c re a s in g  th e  n u m b e r  o f  p ro te c te d  a reas  in  th e  d is tric t.
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A C K N O W L E D G E M E N T S

A  size a b le  n u m b e r  o f  in d iv id u a ls  an d  o rg a n isa tio n s  c o n tr ib u te d  to  th e  su ccess  o f  m y  study . 

F irs t, m y  h e a r tfe lt  g ra titu d e  g o es  to  P ro f. O la f  W ey l an d  M r. D e n n is  T w e d d le  fo r  th e ir  

u n re se rv e d  m e n to rsh ip  a n d  su p e rv is io n  p ro v id e d  d u rin g  m y  stu d ies. I t w o u ld  b e  lo g ic a lly  

ab su rd  to  p re su p p o se  th a t th e  s tu d y  c o u ld  h a v e  b e e n  a c c o m p lish e d  w ith o u t th e ir  d irec tio n . 

M a n y  th a n k s  g o  to  G u n d a  S p in g ies  fo r  p ro o fre a d in g  m y  th esis .

I w o u ld  lik e  to  s in ce re ly  th a n k  th e  G o v e rn m e n t o f  th e  R e p u b lic  o f  B o tsw a n a , th e  M in is try  o f  

E n v iro n m e n t N a tu ra l R e so u rc e s  C o n se rv a tio n  a n d  T o u rism  an d  th e  D e p a r tm e n t o f  W ild life  

an d  N a tio n a l P a rk s  w h o  g a v e  m e  th e  ch an ce , o p p o rtu n ity  an d  p riv ile g e  to  re a d  fo r  a  M a s te r ’s 

D eg ree . I  w o u ld  a lso  lik e  to  th a n k  th e  M in is try  o f  E n v iro n m e n t N a tu ra l R e so u rc e s  

C o n se rv a tio n  a n d  T o u rism  o f  B o tsw a n a  fo r  g ra n tin g  m e  th e  p e rm iss io n  to  c o n d u c t m y  re se a rc h  

in  th e  C h o b e  d is tr ic t o f  B o tsw an a .

I w o u ld  lik e  to  th a n k  R ic h a rd  A . P ee l an d  G e ra ld in e  C. T a y lo r  fo r  th e ir  a ss is ta n c e  d u rin g  m y  

p ro jec t. T h a n k  y o u , R ic h a rd , fo r  m a k in g  o to lith  e x tra c tio n  easy  an d  sm o o th  w ith  th e  r ig h t 

e q u ip m e n t a n d  th a n k  y o u  G e ra ld in e , w ith  y o u r  v a lu a b le  ex p e rien c e , fo r  m a k in g  it  e a sy  fo r  m e  

to  c u t an d  read  th e  o to lith s . T o  c u s to d ia n s  an d  m a n ag e rs  o f  th e  S e lin d a  R e se rv e  N g  16, th e  

Jo u b e r t fam ily , D e rre c k  an d  B ev e rly , P e te  an d  S h aro n , G e o rg e  an d  E m m a, th e  g re a t p la in s  

s ta ff, th e  p ro fe ss io n a l g u id e s  w h o  a ss is ted  u s  to  lo a d  th e  b o a t, fo r  a c c o m m o d a tin g  u s  a t C S U  

an d  g ra n tin g  u s  th e  p e rm is s io n  to  sam p le  in  th e ir  a rea  I say  th a n k  you . M a n y  th a n k s  g o  to  th e  

K a v im b a  fish e rm e n  a t L o n g a ra  fo r  th e  fish  p u rc h a se s . I  a lso  e x ten d  m y  th a n k s  to  th e  R eg io n a l 

W ild life  O ffice r, C h o b e , M r. B a lisa n a  M aro ts i, (R .I .P ) an d  th e  R e se a rch , S ta tis tic s  and  

F ish e rie s  p e rso n n e l a t K a sa n e  fo r  th e ir  e n d less  su p p o rt d u rin g  m y  d a ta  co llec tio n . I

I a lso  th a n k  m y  co lle ag u e s , th e  s ta f f  a t th e  S o u th  A fric a n  In s titu te  fo r  A q u a tic  B io d iv e rs ity , 

D e p a r tm e n t o f  Ic h th y o lo g y  an d  F ish e rie s  S c ien ce , fo r  w e lc o m in g  m e  to  S o u th  A fric a  and  

sp ec ific a lly  to  R h o d e s  U n iv e rs ity . M a n y  in te rn a tio n a l s tu d en ts , f r ie n d s  an d  c o n te m p o ra r ie s  a t 

R h o d e s  U n iv e rs ity , p a rtic u la rly  fro m  M u m u n i A b d u lla y  fro m  G h a n a  an d  Ja z m a n  fro m  M ala w i 

d e se rv e  m y  th an k s.
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C H A P T E R  1: G E N E R A L  I N T R O D U C T I O N

1 .1  I n t r o d u c t i o n

B o tsw a n a  is  a  la n d lo c k e d  c o u n try  in  so u th e rn  A fric a  (T lo u  &  C am p b e ll, 1983; Je f fe r is  &  

N e m a o ra n i, 2 0 1 3 ), w h ic h  e x te n d s  fo r  5 8 1 ,7 3 0  k m 2, is  s lig h tly  sm a lle r  th a n  T e x a s  an d  s lig h tly  

la rg e r  th a n  F ra n c e  (G o v e rn m e n t o f  B o tsw a n a , 2 0 0 1 ; F A O , 2 0 0 7 ). B o tsw a n a  is  b o rd e re d  o n  th e  

so u th -e a s t an d  so u th  b y  S o u th  A frica , o n  th e  n o r th -e a s t b y  Z im b a b w e , Z a m b ia  o n  th e  n o rth  and  

N a m ib ia  o n  th e  w e s t  a n d  n o r th -w e s t (T lo u  &  C am p b e ll, 1983) an d  h as  an  e s tim a te d  p o p u la tio n  o f

2.1 m illio n  p e o p le  (B o tsw a n a  C en tra l S ta tis tic s , 2 0 1 1 ). It is  a  m id d le -in c o m e  co u n try , a n d  is 

a m o n g s t th o se  c o u n tr ie s  w ith  th e  h ig h e s t g ro ss  n a tio n a l in c o m e  a t p u rc h a s in g  p o w e r  p a rity  in  

A fric a  (U S $  14.41 p e r  c ap ita  in  2 0 1 2 ; F A O , 2 0 0 7 ). B o tsw a n a ’s e co n o m y  is  p ro sp e ro u s  and  

d o m in a te d  b y  th e  m in in g  sec to r w h ic h  a cc o u n ts  fo r  4 0 %  o f  all g o v e rn m e n t re v e n u es , an d  w h ic h  

is  o n e -th ird  o f  its  G ro ss  D o m e s tic  P ro d u c t (G D P ). T h e  trav e l an d  to u rism  se c to r  c o n tr ib u te d  6 .5 %  

to  G D P  in  2 0 1 2  (W T T , 2 0 1 2 ) an d  is  th e  sec o n d  m o s t im p o r ta n t c o n tr ib u to r  to  e c o n o m ic  g ro w th  

a fte r  d ia m o n d  m in in g , w h ic h  is  th e  p illa r  fo r  B o tsw a n a ’s e co n o m y  (M o se tlh i, 2 0 1 2 ). H o w ev e r, 

c u ltu ra lly  in  B o tsw a n a , l iv e s to c k  (ca ttle  an d  sm all s to ck ) p ro d u c tio n  an d  c ro p  p ro d u c tio n  w e re  th e  

p rin c ip a l e c o n o m ic  a c tiv itie s  (T lo u  &  C am p b e ll, 1983; G o v e rn m e n t o f  B o tsw a n a , 2 0 0 1 ).

C lim a tic a lly , B o tsw a n a  is  s itu a ted  a d ja c e n t to  th e  su b tro p ic a l h ig h  p re s su re  b e lt  o f  th e  so u th ern  

h e m isp h e re ; as a  re su lt o f  w h ic h  th e  c o u n try  is  a rid  to  sem i-a r id  (B o tsw a n a  N a tio n a l R ep o rt, 2 0 1 2 ). 

B o tsw a n a ’s te rra in  is m o s tly  fla t, c o v e red  w ith  s a v a n n a  g ra ss la n d s  an d  a b o u t 8 4 %  o f  th e  so il is  th e  

K a la h a ri san d s  (H itc h c o c k  &  S m ith , 1980; T lo u  &  C am p b e ll, 1983; G o v e rn m e n t o f  B o tsw a n a , 

2 0 0 1 ). T h e re  a re  tw o  m a in  seaso n s, a  h o t, (m a x im u m  =  4 4  oC ) an d  w e t su m m e r (S e p te m b e r to  

M a rc h ) an d  m ild  b u t so m e tim es  v e ry  co ld  (can  d ro p  b e lo w  z e ro )  d ry  w in te rs  fro m  A p ril to  A u g u st. 

P re c ip ita tio n  is  lo w , e rra tic , u n re lia b le , u n p re d ic ta b le  an d  re g io n a l (Je ffe ris  &  N e m a o ra n i, 2 0 1 3 ). 

T h e  m e a n  a n n u a l ra in fa ll ra n g e s  fro m  6 5 0  m m  in  th e  C h o b e  D is tr ic t  to  2 5 0  m m  in  th e  K g a lag a d i 

D is tr ic t  (H itc h c o c k  &  S m ith , 1980; M erro n , 1991). In so la tio n  is  v e ry  h ig h , an d  th e  c o u n try  

re c e iv e s  b e tw e e n  3 2 0 0 -3 6 0 0 h rs  o f  su n sh in e  p e r  y ear; c o n se q u e n tly , e v a p o tra n sp ira tio n  ra te s  a re  

b e tw e e n  1800 m m  to  2 2 0 0  m m  a n n u a lly  fo r  su rface  w a te r  (Je ffe ris  &  N e m a o ra n i, 2 0 1 3 ). D ro u g h t
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in  B o tsw a n a  is  a  re c u rr in g  p h e n o m e n o n  (Je ffe ris  &  N e m a o ra n i 2 0 1 3 ; G o v e rn m e n t o f  B o tsw an a , 

2 0 0 1 ). T h e  w o rs t y e a rs  o f  d ro u g h t w e re  b e tw e e n  19 8 1 /8 2  to  1 9 8 6 /8 7  (Je ffe ris  &  N e m a o ra n i, 2 013).
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F ig u r e  1 .1  M ap  o f  B o tsw a n a  sh o w in g  th e  s tu d y  a rea ; so u rc e  a d a p te d  w ith  m o d if ic a tio n s  

(h ttp ://w w w .m a p c ru z in .c o m /fre e -m a p s -b o tsw a n a /b o tsw a n a _ sm _ 2 0 0 8 .g if ).

1 .2  F i s h e r i e s

T h e  f ish e rie s  sec to r in  B o tsw a n a  c o n sis ts  o f  w ild  c ap tu re  f ish e rie s  an d  a q u a c u ltu re  (F A O , 20 0 7 ; 

A L C O M , 1996b). W h ile  th e  c o n tr ib u tio n  o f  th e  f ish e rie s  se c to r  to  th e  n a tio n a l e c o n o m y  is 

in s ig n if ic a n t (0 .0 0 2 %  o f  G D P ), (A n o n , 1989; F A O , 2 0 0 7 ), th e y  a re  o f  c ritica l im p o rta n c e  to  

liv e lih o o d s  fo r  ru ra l d e v e lo p m e n t an d  fo o d  sec u rity  (H a lw a rt e t al., 2 0 0 3 ; F A O , 2 0 0 7 ). T h is  is 

b e c a u se  fish  re so u rc e s  a re  w id e ly  d isp e rse d  an d  e as ily  a c c e ss ib le  to  m a rg in a l an d  iso la ted  

c o m m u n itie s , w h o  h a v e  n o  a lte rn a tiv e  so u rces  o f  in c o m e  (W e lc o m m e  e t al., 2 0 0 6 ). T h e re fo re , 

o v e rf ish in g  an d  c o n c o m ita n t d e c lin es  in  c a tc h  ra te s  p o se  a  th re a t to  fo o d  sec u rity  in  th e se  r ip a ria n
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c o m m u n itie s . T h is  is  b e c a u se  th e  ru ra l p o o r  re so r t to  f ish in g  d u rin g  tim e s  w h e n  a g ric u ltu re  fa ils . 

F o r  ex am p le , in  N g a m ila n d , B o tsw a n a , in  1996 to  1997, d u rin g  a  c a ttle  e ra d ic a tio n  e x e rc ise  d ue  

to  th e  c o n tag io u s  ca ttle  lu n g  d isease , f ish  re v e n u e s  c o n tr ib u te d  su b sta n tia lly  to  h o u se h o ld  ea rn in g s  

(M o se p e le  &  N g w e n y a , 2 0 10).

T h e  O k a v a n g o  D e lta  is  a  w e tla n d  o f  in te rn a tio n a l s ig n if ic a n c e  (B re e n  e t a l., 1997; R a m b e rg  e t al.,

2 0 0 6 )  , an d  th is  1000th U N E S C O  W o rld  H e rita g e  site  (U N E S C O , 2 0 1 4 ), c o n s titu te s  th e  m a in  w ild  

c ap tu re  fish e ry , y ie ld in g  ~  8 0 %  o f  th e  n a tio n a l f ish  ca tc h e s  (M o se p e le  &  N e n g u , 2 0 0 3 ; F A O ,

2 0 0 7 )  . F ish in g  a c tiv itie s  a re  ty p ic a lly  a r tisan a l, c o n d u c te d  u s in g  c an o e s  m a d e  fro m  w o o d  

(mokoros) o r  f ib e rg la ss  (F A O , 2 0 0 7 ) an d  th e  k e y  e x p lo ite d  sp ec ie s  in  th e  D e lta  a re  T ilap iin es  

c ich lid s  e .g ., Oreochromis andersonii, Oreochromis macrochir an d  Coptodon rendalli (M o sep e le , 

2 0 0 0 ; M o se p e le  &  K o ld in g , 2 0 0 3 ; M o se p e le  e t al., 2 0 0 3 ).

T h e  sec o n d -la rg e s t w a te rw a y s  a re  th e  Z a m b e z i-C h o b e  an d  K w a n d o -L in y a n ti w e tla n d  sy stem  in  

th e  n o rth  o f  B o tsw an a . H is to ric a lly , th e  C h o b e  R iv e r  f lo o d p la in s  an d  L a k e  L ia m b e z i h av e  

su p p o rte d  im p o r ta n t su b s is te n c e  an d  c o m m e rc ia l f ish in g  (M erro n , 1989a). I t h a s  b e e n  re c o rd e d  

th a t in  th e  d is ta n t past, y ie ld s  o f  m o re  th a n  1000 to n n e s  p e r  a n n u m , h a v e  b e e n  m a rk e te d  fro m  L a k e  

L ia m b e z i to  Z im b a b w e  an d  Z a m b ia  (B o tsw a n a  A g ric u ltu ra l R e p o rt, 1985). T h e  C h o b e  sy stem  

c o n tr ib u te s  a  fra c tio n  to  th e  n a tio n a l ca tch . T h is  is  b e c a u se  f ish in g  is n o t p e rm itte d  in  C h o b e  

N a tio n a l P a rk , an d  th e  b u lk  o f  th e  L a k e  L ia m b e z i lie s  in  N a m ib ia n  w a te rs  a n d  o n ly  a b o u t 1%  lies  

in  B o tsw a n a , th e re fo re  v e ry  little  f ish in g  ta k e s  p lace . T h e  p rin c ip le  sp ec ie s  f ish e d  a re  th e  sam e  as 

th o se  in  th e  O k a v a n g o  f ish e ry  (F A O , 2 003).

T h e  fre sh w a te r  L a k e s  N g a m i, X a u  an d  L iam b e z i u se d  to  b e  h ig h ly  p ro d u c tiv e , su p p o rtin g  g o o d  

f ish in g  b u t d ried  u p  as a  re su lt o f  p ro lo n g e d  d ro u g h ts  (K o ld in g , e t al., 2 0 1 6 ). H o w ev e r, s in ce  th e  

2 0 1 0  flo o d s , th e  la k es  h av e  re ju v e n a te d  (B a k a n e  p e rs .o b s .) . L a k e  L ia m b e z i fo r  ex am p le , w a s  a 

m a jo r  f ish in g  a re a  fo r  th e  C h o b e  D is tr ic t  an d  C ap riv i s trip  in  th e  1970s p r io r  to  its  d e s ic c a tio n  in  

1985 (B o tsw a n a  A g ric u ltu ra l R ep o rt, 1985; G u m b o , 2 0 1 0 ; S im asik u , 2 0 1 4 ). H o w ev e r, in  1985, 

L a k e  L ia m b e z i d rie d  o u t an d  f ish e rm e n  h a d  lim ite d  f ish in g  g ro u n d s . T h is  p ro m p te d  F ish e rie s  in  

B o tsw a n a  to  a sse ss  a lte rn a tiv e  f ish in g  g ro u n d s  w h ic h  w e re  la te r  e s ta b lish e d  in  L in y an ti n e a r  th e  

Z ib a d ia n ja  L ag o o n . T h e se  u n c o n v e n tio n a l f ish in g  g ro u n d s , id e n tif ie d  a t L in y an ti sw am p s, w ere
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la rg e ly  fo r  th e  S a tau  an d  th e  P a ra k a ru n g u  F ish in g  C o o p e ra tiv e  d e s ig n a te d  fo r  c o m m e rc ia l fish in g . 

T h e  c o o p e ra tiv e  h as  s in ce  c o lla p se d  b e c a u se  o f  p o o r  g o v e rn a n c e  an d  m a n a g e m e n t in  th e  a u th o r 's  

o p in io n . H o w ev e r, in  2 0 1 4  th e  c o o p e ra tiv e  re su sc ita ted , a lth o u g h  n o w  as an  a sso c ia tio n  ca lled  

C h o b e  F re sh  an d  D ry  F is h e rm e n 's  A sso c ia tio n .

H o w ev e r, th e re  h a s  b e e n  c o n flic ts  b e tw e e n  th e  c o m m e rc ia l f ish e rm e n  an d  c o n ce ss io n e rs  

m a n a g in g  th e  a rea , w h ic h  le d  to  th e  e v ic tio n  o f  f ish e rm e n  fro m  th is  f ish in g  g ro u n d  o n  28  O c to b e r 

2 0 1 2 . In  th e  in itia l s tag es  o f  th e  co n flic t, th e  C o n ce ss io n a ire s  in s is te d  th a t th e ir  le ase s  d id  n o t 

p e rm it c o m m e rc ia l f ish in g  (u se  o f  fa c to ry  m a d e  g illn e t to  c a tch  f ish ) a lth o u g h  th e y  co u ld  p e rm it 

su b s is te n c e  fish in g . T h e  o th e r  re a so n s  b ro u g h t fo rw a rd  w e re  th a t f ish e rs  p o llu te  th e  area , b lo c k  

to u r is ts ’ ro u te s  (th e  a re a  is  a  p h o to g ra p h ic  c o n ce ss io n ) an d  th e re  w a s  su sp ic io n  o f  p o a c h in g  o n  a 

su b s is te n c e  lev el. F is h e rm a n ’s re s is ta n c e  re s te d  o n  th e  p re m ise  th a t th e y  a lso  h a v e  acc e ss  an d  u s e r  

r ig h ts  in to  th e  C o n ce ss io n s . E lse w h e re  f ish in g  c o n flic ts  h a v e  b e e n  re c o rd e d  b e tw e e n  a rtisan a l and  

c o m m e rc ia l f ish e rs  (P au ly , 1979). F o r  ex am p le , in  O k av an g o , th e  im p a sse  w a s  b e tw e e n  

c o m m e rc ia l f ish e rm e n  an d  to u r  o p e ra to rs  (S e tsh w a lo , 2 0 0 7 ; M o se p e le  &  N g w e n y a , 2 0 1 0 ), w h e re  

to u r  o p e ra to rs  c a lled  fo r  a  m o ra to riu m  o n  f ish in g  in  la g o o n s  an d  o n  b a sk e t f ish e ry  in  f lo o d p la in s . 

T h e se  to u r  o p e ra to rs  b a se d  th e ir  a u g m e n t o n  a  to u r ism  p o lic y  th a t g ra n te d  th e m  e x c lu s iv e  u s e r  

r ig h ts  (G o v e rn m e n t o f  B o tsw a n a , T o u rism  p o licy , 1990). M o se p e le  e t al. 2003  c o n te n d e d  th a t 

c o m m e rc ia l f ish e rm e n  an d  re c rea tio n a l f ish e rs  c o m p e te  fo r  th e  sam e  tro p h y  m a rk e t s ized  fish  and  

th a t a  la c k  o f  d e fin e d  u se r, a c c e ss  an d  w e ll-d e f in e d  p ro p e r ty  rig h ts  (M o se p e le  e t al., 2 0 1 5 ) 

in s tig a te s  c o n flic ts  w h ile  Y asm i e t al. (2 0 0 6 ) a rg u e d  th a t th e  im p a sse  a rises  w h e n  th e re  a re  v a rie d  

in te re s ts  o f  p e o p le  in  a  p a r tic u la r  re so u rce .

T h e  o th e r  a reas  w ith  f ish e ry  p o te n tia l a re  m a jo r  d am s in  so u th -e as te rn  B o tsw a n a ; G a b o ro n e , 

S h ash e , B o k aa , L e ts ib o g o , and , re c en tly , D ik g a tlh o n g , T h u n e  an d  L o tsa n e  (F A O , 2 0 0 7 ; D W N P  

u n p u b lish e d  m o n ito r in g  su rv ey s). A q u a c u ltu re  d e v e lo p m e n t in  B o tsw a n a  is  still in  its  e m b ry o tic  

s tage. W h e n  fu lly  d e v e lo p e d , i t  is  a  k e y  se c to r  fo r  jo b  c re a tio n  an d  e n su r in g  fo o d  secu rity . Its  

h is to ry  d a te s  to  th e  1980s an d  1990s w h e n  A q u a c u ltu re  fo r  L o ca l C o m m u n ity  D e v e lo p m e n t 

(A L C O M ) u n d e r  th e  a u sp ic e s  o f  th e  F A O  so u g h t to  ad d re ss  th e  re g io n 's  p o o r  and  u n d e rn o u rish e d  

ru ra l p o p u la tio n s  b y  p ro m o tin g  fish  p ro d u c tio n  (A L C O M , 1996b). In  an  e n d e a v o u r  to  p ro m o te  

aq u ac u ltu re , B o tsw a n a , u n d e r  th e  N a tio n a l D e v e lo p m e n t P la n  9 (N D P  9), fu n d e d  an d  e s ta b lish e d
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a s ta te  h a tc h e ry  in  M m a d in a re  n e a r  L e ts ib o g o  D a m  to  d iv e rs ify  th e  eco n o m y , e n h a n c e  ru ra l 

l iv e lih o o d  an d  to  su p p ly  fin g e rlin g s  to  a sp ira n t a q u a c u ltu ra lis ts  (D av is , 2 0 1 1 ).

1 .3  C h o b e  D i s t r i c t  F i s h e r ie s

F ish in g  is  a  tra d itio n a l a c tiv ity  o f  h ig h  s ig n if ic a n c e  in  C h o b e  an d  th e  N g a m ila n d  D is tr ic ts  o f  

B o tsw a n a . T h e  ea rly  tra d itio n a l f ish in g  a c tiv itie s  o f  th e  in d ig e n o u s  p e o p le  in  th e  O k a v a n g o  and  

L a k e  N g a m i h a v e  b e e n  d e sc rib e d  b y  A n d e rsso n  (1 9 6 7 ) an d  T lo u  (1 9 8 5 ). F o r  in s ta n ce , th e  R iv e r  

S an  p o iso n e d  th e  la g o o n s  w ith  ru b b e r  h e d g e  (Euphorbia tiriculla), sp ea r f ish e d  an d  u se d  fu n n e l

sh ap e d  trap s . T h e y  w e re  la te r  fo llo w e d  b y  th e  Z a m b e z ia n  p eo p le , th e  B ay e i, w h o  in tro d u c e d  

tra d itio n a l n e ts  an d  w e irs  m a d e  o f  p la n t m a te ria ls  (T lo u , 1985). In  th e  C h o b e  D is tr ic t  th e  B a su b ia  

(V e ek u h a n e ) o f  C h o b e  a lso  u se d  tra d itio n a lly  c ra fte d  n e ts  (L ukuku) an d  tra p s  fo r  f ish in g  

(S h am u k u n i, 1972). F ish  w as , an d  is , an  im p o r ta n t p a rt o f  th e  d ie t o f  th e  B asu b ia , n o t o n ly  as a 

so u rce  o f  p ro te in  b u t a  so u rce  o f  p e rc e iv e d  in te llig e n c e  b e c a u se  it  is  lo c a lly  b e lie v e d  th a t o n e  w h o  

ea ts  fish , e sp e c ia lly  its  h ead , b e c o m e s  in te llig e n t (S h am u k u n i, 1972). C o m m e rc ia l f ish in g  is 

c a tc h in g  fish  w ith  fa c to ry  m a d e  g illn e ts  (B o tsw a n a  fish  P ro te c tio n  R e g u la tio n s  2 0 0 8 ). B a se d  on  

th e  n u m b e r  o f  c o m m e rc ia l f ish in g  lic e n se s  is su e d , th e re  a re  a b o u t 120 c o m m e rc ia l f ish e rm e n  in  

th e  C h o b e  D is tr ic t  o f  B o tsw a n a  (D W N P  u n p u b lish e d  da ta , 2 0 0 8 -2 0 1 4 ) ;  h o w e v e r, th e  C h o b e  

F ra m e  su rv ey , c o n d u c te d  in  2 0 0 8  re c o rd e d  a  to ta l o f  3 1 9  f ish e rm e n  (v an  d e r  W aa l e t al., 2 0 0 8 , 

u n p u b lish e d ).

T h e  fram e  su rv ey  is  a  c o m p le te  c en su s  an d  in v e n to ry  o f  th e  n u m b e r  o f  la n d in g  sites, fish e rm e n , 

f ish in g  v e sse ls , g e a r  b y  ty p e  an d  s ize  as w e ll as th e  p ro c e ss in g  an d  m a rk e tin g  s tra teg ie s  o f  th e  fish  

re so u rc e s  (C o w x  e t al., 2 0 0 3 ). F ra m e  su rv e y s  a re  im p o r ta n t b e c a u se  th e y  p ro v id e  th e  f ish e rie s  

m an ag e rs , s tak e h o ld e rs  an d  re se a rc h e rs  w ith  in fo rm a tio n  o n  th e  c o m p o sitio n , m a g n itu d e  o f  

f is h e rm e n ’s c ra fts  an d  g e a r  to  g u id e  th e  d e v e lo p m e n t an d  m a n a g e m e n t o f  th e  fish e rie s . T h is  

k n o w le d g e  a lso  h e lp s  in  th e  a sse ssm e n t o f  so c io -e c o n o m ic  fa c to rs  in  th e  c o m m u n ity  (F A O , 2 0 0 2 ).

L a s t c o n d u c te d  in  2 0 0 8  in  C h o b e  D is tr ic t  o f  B o tsw a n a , th e  fram e  su rv ey  re v e a le d  th a t th e  

f ish e rm e n  w e re  ag ed  b e tw e e n  11 an d  99  y e a rs  o ld  an d  th a t  th e re  w a s  h ig h e r  in v o lv e m e n t a m o n g  

m e n  (7 1 % ) th a n  w o m e n  (2 9 % ) in  w ild  c ap tu re  f ish e rie s  (v an  d e r  W a a l e t al., 2 0 0 8  u n p u b lish e d ). 

T h is  ag rees  w ith  th e  f in d in g s  b y  M o se p e le  (2 0 0 1 ) w h o  re p o rte d  m o re  m a le s  (5 6 % ) th a n  fe m a le s
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(4 4 % ) in  th e  f ish e ry  o f  th e  O k a v a n g o  D e lta . S a las  an d  G a e r tn e r  (2 0 0 4 ) c la im ed  th a t so c ia l and  

cu ltu ra l fa c to rs  su ch  as g en d er, age, in c o m e  an d  e th n ic ity  sh ap e  acc e ss  to  f ish in g  an d  th e  m e th o d s  

an d  g ears  em p lo y ed . T h is  is  tru e  fo r  f ish e rie s  in  B o tsw a n a  w h e re , i f  w o m e n  a re  in v o lv e d , th e y  fish  

w ith  tra d itio n a l g e a rs  su ch  as b a sk e t, b o ttle s , lin e  an d  h o o k  an d  a re  in v o lv e d  in  th e  g u ttin g  and  

se llin g  o f  th e  fish  (F A O , 2 0 0 7 ; G u m b o , 2 0 1 0 ; B a k a n e  p e rs .o b s .) . T h e  B a su b ia  tr ib e  c o m p rised  

m o s t th e  f ish e rs  (7 4 % ) fo llo w e d  b y  th e  B a sa rw a  5% , B ay e i 4 % , B a m b u k u sh u  4 % , K a la n g a  3% , 

L o z i 4 % , an d  th e  re m a in in g  (6 % ) a re  o th e r  B o tsw a n a  tr ib e s  (B a taw an a , B an g w a to , B an a jw a , 

B a d e re k u  an d  fo re ig n  n a tio n a ls  su ch  as th e  S hona , N d e b e le  an d  T o n g a ). E ig h ty -e ig h t f ish in g  c ra ft 

w e re  re c o rd e d  w h e re  th e  u n iv e rsa lly  u se d  c ra ft w e re  m e k o ro  (8 4 % ), fo llo w e d  b y  7 %  fib re  g la ss  

an d  2 %  a lu m in iu m  v esse ls .

In  th e  C h o b e  F ra m e  su rv ey  o f  2 0 0 8 , 844  se t o f  f ish in g  g e a r  w e re  reco rd ed . H o o k  an d  lin e  

c o m p rise d  th e  m a jo r  f ish in g  g ear, (u se d  b y  6 9 %  o f  th e  in te rv ie w e e s )  fo llo w e d  b y  g illn e ts  (2 8 % ), 

b o ttle s  tra p s  (2 % ) an d  th e  o th e r  g ea rs  (1 % ) su ch  as m o sq u ito  b e d  n e ts , h a n d  p ick s, tra p s  and  

b ask e ts . In  th e  C h o b e  D is tr ic t  o f  B o tsw a n a  an d  in  th e  Z a m b e z i R e g io n  o f  N a m ib ia , o n e  u n iq u e  

su b sis te n c e  g e a r  fo r  h a rv e s tin g  sm all f ish  (e .g . B. lateralis an d  M. acutidens) is  th e  u se  o f  b o ttle  

tra p s  (B a k an e  p e rs .o b s.).

1 .4  F is h  s u r v e y s

P io n e e r in g  s tu d ie s  in  th e  C h o b e  R e g io n  in  th e  1 8 00s c o n c e n tra te d  o n  fish  c o lle c tio n s . F o r  ex am p le , 

in  th e  1 8 9 0 's E m il H o lu b , th e  A u stria n , c o lle c te d  Sargochromis giardi in  C h o b e  R iv e r  (B e ll-C ro ss  

&  Ju b b , 1976). A fte r  h im , th e  V e rn a y -L a n g  K a la h a ri e x p e d itio n  fo llo w e d  in  1930 (F o w ler, 1935a) 

in  th e  C h o b e  R iv e r  n e a r  K asan e . T h is  w a s  fo llo w e d  b y  th e  B e rn a rd  C arp  e x p e d itio n  in  1952 in  

K w a n d o  R iv e r  (Ju b b , 1958). T h ey  w e re  su cc e e d e d  b y  th e  L a k e  L ia m b e z i f ish  c o lle c tio n  fo r  th e  

Q u e en  V ic to r ia  M u se u m , Z im b ab w e , in  1961. L a te r  a  s tu d y  o n  th e  e ffec ts  o f  Salvania molesta on  

f ish e s  a t S h a ile  (L in y an ti)  w a s  c o n d u c te d  b y  F o x  an d  W a tt (1 9 7 6 ). S in ce  th en , s tu d ie s  in  th e  re g io n  

w e re  p u b lish e d  b y  v a n  d e r  W aa l (1 9 7 6 , 1980 a, b ), 1984, 1985, 1990, 1991) an d  S k e lto n  in  th e  

C ap riv i, (1 9 7 6 ), S k e lto n  e t al. (1 9 8 5 ), S k e lto n  an d  v a n  d e r W aa l (1 9 8 4 ), w h o  re v ie w e d  th e  early  

h is to ry  o f  f ish  c o lle c tio n s  in  th e  C h o b e  R eg io n . T h e y  w e re  fo llo w e d  b y  M e rro n  (1 9 8 9 a ) w h o  

c o n d u c te d  su rv ey s  in  K w an d o , S e lin d a  sp illw a y  an d  C h o b e  R iv e r  b e tw e e n  S e p te m b e r 1985 and  

D e c e m b e r  1986  an d  re c o rd e d  53 sp ec ies. H e  fo u n d  th a t th e  ic h th y o fa u n a  a sse m b la g e  in  th is  re g io n
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re se m b le d  O k a v a n g o  D e lta  sp ec ies. In  th e  sam e  y e a r  (1 9 8 5 ) a  re c re a tio n a l f ish in g  c o m p e titio n  w as  

s tag ed  a t K a sa n e  in  th e  C h o b e  R iv e r  an d  172 f ish  (n in e  sp ec ie s) w e re  c a p tu re d  (M e rro n  &  S eh em o , 

1987).

M o re  re c en tly , H a y  e t al. (1 9 9 6 , 1999, 2 0 0 0 , 2 0 0 2 , 2 0 0 3 ), T w e d d le  (2 0 0 9 , 2 0 1 0 ), T w e d d le  e t al. 

(2 0 0 3 , 2 0 0 9 , 2 0 1 0 , 2 0 1 1 , 2 0 1 5 ), T w e d d le  an d  H a y  (2 0 1 1 ) c o n d u c te d  s tu d ie s  in  N a m ib ia n  w a te rs  

sh a red  b y  B o tsw a n a  an d  N a m ib ia  an d  p a rtly  in  O k av an g o . N u m e ro u s  s tu d ie s  h a v e  c o n c e n tra te d  in  

th e  O k a v a n g o  D e lta  (e .g ., M erro n , 1991; 1993a); M e rro n  &  B ru to n , (1 9 8 4 a , b , 1988, 1995); K g a th i 

e t al. (2 0 0 5 ); M m o p e lw a  e t al. (2 0 0 5 ), M o se p e le  (2 0 0 0 , 2 0 0 1 ); M o se p e le  e t al. (2 0 0 3 , 2 0 0 5 , 2 0 0 9 ); 

M o se p e le  &  N g w e n y a  (2 0 1 0 ); B o k h u tlo  (2 0 1 1 ) b u t n o t o n  th e  C h o b e -L in y a n ti an d  Z a m b e z i 

w e tla n d  o f  B o tsw a n a . B y  2 0 0 0  a  h o lis tic  a p p ro a c h  in to  f ish e rie s  re se a rc h  em erg ed , su ch  as 

u til is a tio n  o f  m o d e rn  te c h n o lo g ie s  su ch  as te le m e try  s tu d ie s  b y  H a y  e t al. (2 0 0 3 ). C o -m a n a g e m e n t 

is  p ro m o te d  d u e  to  th e  re c o g n itio n  o f  c o n flic ts  b e tw e e n  r ip a ria n  s ta tes  an d  th e  tra n sb o u n d a ry  n a tu re  

o f  f ish e rie s  re so u rc e s  (T w ed d le  &  H ay , 2 0 1 1 ). In -d e p th  s tu d ie s  o f  L a k e  L iam b e z i f ish e s  and  

fish e rie s  w e re  la te r  u n d e r ta k e n  b y  P ee l (2 0 1 2 ) w h o  fo c u se d  o n  la rg e  c ich lid s  b io lo g y , an d  la te r  

S im as ik u  (2 0 1 4 ) a sse ssed  th e  f ish e ry  o f  th e  L a k e , an d  P ee l e t al. (2 0 1 6 ) d e sc rib e d  th e  eco lo g y , 

f ish e s  an d  fish e rie s  o f  th e  L ake .

1 .5  O v e r f i s h i n g

In  th e  O k a v a n g o  D e lta , th e  p o te n tia l a n n u al f ish  y ie ld  w a s  p ro je c te d  to  b e  b e tw e e n  5 0 0 0  an d  8 

0 0 0  to n n e s  in  2003  (F A O , 2 0 0 3 ). T h e  p re v io u s  re se a rc h  sh o w e d  th a t th e re  w a s  a b u n d an c e  o f  fish  

th a t, to  so m e ex ten t, i t  w a s  u n e x p lo ite d  (A R D C , 2 0 0 1 ; F A O , 2 0 0 7 ). T h e re  w ere , th e re fo re , n o  

s ig n s o f  o v e rf ish in g  o f  th e  m a in  fish  s to ck s  in  th e  O k a v a n g o  D e lta  (M o se p e le  &  K o ld in g , 2 003). 

F o r  ex am p le , K g a th i e t al. (2 0 0 5 ) d e m o n s tra te d  th a t C P U E  d a ta  re m a in e d  s tab le  b e tw e e n  1996  and  

2 0 0 2 . H o w ev e r, o f  recen t, in  th e  so u th e rn  p a rt o f  th e  O k a v an g o , a  f ish in g  b a n  w a s  im p o se d  in  L a k e  

N g a m i an d  L a k e  X a u  d u rin g  th e  2 0 1 5  f ish in g  seaso n  (W e e k e n d  P o st, 2  M a rc h  2 0 1 5 ). T h e  c lo su re  

w a s  n o t b a se d  o n  an y  sc ie n tif ic  d a ta  b e c a u se  n o  c o m p re h e n s iv e  s tu d y  h a d  b e e n  c o n d u c te d  o n  L a k e  

N g a m i fish e ry  a fte r  f lo w  re su rg e n c e  in  2 0 0 7 . T h e  m a in  is su e  w a s  th a t, th e re  w a s  a  lu c ra tiv e  m a rk e t 

in  Z a m b ia  an d  th e  D e m o c ra tic  R e p u b lic  o f  th e  C o n g o , w h e re  la rg e  q u a n titie s  o f  f ish  w e re  e x p o rte d  

(e .g ., in  a  s in g le  tr ip  a  f ish e r  co u ld  e x p o rt 6 0 0 0  fish ). T h is  k in d  o f  h a rv e s tin g  w a s  seen  as 

u n su s ta in a b le , h e n ce  th e  b a n  o f  f ish in g  in  th e  lak es . T h e re  w e re  a lso  e n v iro n m e n ta l c o n ce rn s  such
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as p o llu tio n  an d  u n h y g ie n ic  c o n d itio n s  as a  re su lt  o f  th e  in flu x  o f  p e o p le  (e s tim a te d  a t u p  to  a 

1000), in c lu d in g  fo re ig n e rs  w h o  c am p e d  a ro u n d  th e  la k e  an d  h a d  n o  a b lu tio n  b lo c k s  (W e ek e n d  

P o s t, 2  M a rc h  2 0 1 5 ). H o w ev e r, o n e  sh o u ld  b e  c au tio u s  in  fu tu re  b e c a u se  f ish in g  e ffo rt le v e ls  a re  

in c re a s in g  as m o re  p e o p le  v e n tu re  in to  fish in g , a n d  w ith  th e  in tro d u c tio n  o f  m o n o fila m e n t n e ts , 

f ish in g  is  b e c o m in g  u n su s ta in a b le . F o r  e x am p le , in  th e  C h o b e  R iv e r  f lo o d p la in s , w h ic h  a re  p a r t o f  

th e  C ap riv i f lo o d p la in s , th e re  a re  s ig n s  o f  o v e rf ish in g  e v id e n t in  a  d e c re a se  in  c a tc h  ra te s  o f  la rg e r  

c ich lid s . T h is  h as  b e e n  a ttr ib u te d  to  th e  f ish in g  p re ssu re  c au se d  b y  th e  re p la c e m e n t o f  

m u ltif ila m e n t n e ts  b y  th e  m o re  e ff ic ie n t m o n o fila m e n t g illn e ts  (S im a sik u , 2 0 1 4 ; T w e d d le  e t al., 

2 0 1 5 ).

1 .6  F is h e r ie s  M a n a g e m e n t  in  B o t s w a n a

F ish e rie s  m a n a g e m e n t in  B o tsw a n a  is  th e  ro le  o f  th e  F ish e rie s  D iv is io n  (F D ) u n d e r  th e  D e p a rtm e n t 

o f  W ild life  an d  N a tio n a l P a rk s  (D W N P ) in  th e  M in is try  o f  E n v iro n m e n t, N a tu ra l R eso u rc e s  

C o n se rv a tio n  an d  T o u rism . T h e  d iv is io n  u se d  to  b e  m a n a g e d  b y  th e  M in is try  o f  A g ric u ltu re  u n d e r  

th e  N a tio n a l P o lic y  o n  A g ric u ltu ra l D e v e lo p m e n t (1 9 9 1 ). T h e  co re  m a n d a te  o f  D W N P  is  to  

c o n se rv e  th e  fish  an d  w ild life  o f  B o tsw a n a  in  c o n su lta tio n  w ith  lo ca l, re g io n a l an d  in te rn a tio n a l 

s ta k e h o ld e rs  an d  F ish e rie s  D iv is io n  o v e rsee s  c o n se rv a tio n , m a n a g e m e n t an d  su s ta in a b le  u tilisa tio n  

o f  B o tsw a n a 's  f ish  s to ck s  in  m a n -m a d e  d am s, an d  n a tu ra l r iv e rs  as w e ll as a q u ac u ltu re  

d e v e lo p m en t. T h e  leg a l in s tru m e n ts  fo r  fish e rie s  m a n a g e m e n t a re  th e  F ish  P ro te c tio n  A c t o f  1975, 

F ish  R e g u la tio n s  o f  2 0 0 8  an d  in  th e  case  o f  f ish e rie s  in  th e  p ro te c te d  a re a  (su ch  as w h e re  C h o b e  

R iv e r  tra v e rse s  th e  C h o b e  N a tio n a l P a rk ) , th e  W ild life  an d  N a tio n a l P a rk s  A c t o f  1992 ta k es  

p re c ed e n ce . H o w e v e r, p la n s  a re  u n d e rw a y  to  in c o rp o ra te  th e  F ish  R e g u la tio n s  an d  A c t in to  th e  

B o tsw a n a  W ild life  an d  N a tio n a l P a rk s  A c t o f  1992. H o w ev e r, b e s id e s  th is  A c ts  th e re  is  n o  n a tio n a l 

f ish e rie s  p o lic y  to  g u id e  fish e rie s  m a n a g e m e n t (M o se p e le  &  M o se p e le , 2 0 0 5 ).

T h e  F ish e rie s  m a n a g e m e n t a p p ro a ch e s  in  C h o b e  D is tr ic t  o f  B o tsw a n a  in c lu d e  e ffo rt re g u la tio n s , 

f ish in g  c lo se d  seaso n , c o -m a n a g e m e n t an d  licen sin g . H o w e v e r, th e  f ish e rie s  re so u rc e s  in  th e  

Z a m b e z i-C h o b e  an d  K w a n d o -L in y a n ti w e tla n d  sy stem  a re  co m p le x  to  m a n ag e  b e c a u se  th e y  a re  a 

sh a red  tra n sb o u n d a ry  re so u rc e  b e tw e e n  th e  co u n trie s . F o r  ex am p le , th e re  a re  m u lti-s ta k e h o ld e rs  

w ith  d iv e rg e n t m a n d a te s , la w s  an d  ev en  d iv e rse  la n d  u ses  su ch  as N a tio n a l P a rk s  a d ja c e n t to  

co m m u n a l a reas  an d  C o n se rv a n c ie s . H o w ev e r, th e  w e tla n d  fa lls  w ith in  th e  K a v a n g o  Z a m b e z i
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T ra n s fro n tie r  C o n se rv a tio n  A re a  (K A Z A  T F C A ), w h ic h  w a s  fo rm e d  w ith  th e  u n d e rs ta n d in g  th a t, 

a d ja c e n t e c o sy s tem s a re  in te rd e p e n d e n t, th u s  th e  n e ed  to  c o o p e ra te  as r ip a ria n  c o u n tr ie s  an d  to  

e lim in a te  p h y s ica l im p e d im e n ts  to  w ild life  in c lu d in g  fish  an d  b ird s  th a t tra n sv e rse  b o u n d a rie s .

E ffo r t re g u la tio n  is  o n e  o f  th e  m o s t im p le m e n te d  co n tro l m e th o d s  (T w ed d le , 2 0 0 9 ). F o r  all m a jo r  

d am s in  B o tsw a n a , e ffo rt re g u la tio n  is  p e rfo rm e d  b y  re s tr ic tin g  th e  n u m b e r  o f  f ish e rm e n  p e r  d am  

(e .g ., a  q u o ta  o f  a b o u t th re e  to  fo u r  f ish e rm e n  p e r  d am ), w h ile  c o m m e rc ia l f ish e rm e n  a re  p ro h ib ite d  

fro m  u s in g  a  p an e l o f  m o re  th a n  150 m  le n g th  o f  g illn e t (B o tsw a n a  F ish  P ro te c tio n  R e g u la tio n s , 

2 0 0 8 ). T h ese  re g u la tio n s  re d u c e  th e  e ffo rt an d  c o n tro ls  th e  a m o u n t o f  c a tch  h e n ce  m in im is in g  

c h an c e s  o f  o v e rfish in g . M o sq u ito  n e ts  a re  p ro h ib ite d  to  p ro te c t ju v e n ile s  f ish  an d  re c ru itm e n t in to  

fish e ry . C o u p le d  w ith  th e se , is  th e  is su in g  o f  f ish in g  p e rm its  b y  th e  D e p a r tm e n t o f  W ild life  and  

N a tio n a l P a rk s  u n d e r  th e  lic e n s in g  u n it  in  B o tsw an a . T h is  en su re s  th a t f ish e rm e n  im p o rt th e  

a c c e p ta b le  g illn e ts  m e sh  s izes  (B o tsw a n a  F ish  P ro te c tio n  R e g u la tio n s , 2 0 0 8 ).

A  c lo se d  fish in g  seaso n  is  a  m e th o d  to  p ro te c t th e  fish  c o m m u n itie s  d u rin g  th e ir  re p ro d u c tiv e  p h ase  

to  e n su re  su cc e ss fu l re c ru itm e n t an d  re d u c e  fish  m o rta lit ie s  (B h u k a sw a n , 1980; B e d d in g  &  R e ttig , 

1984). C lo se d  seaso n s  a re  im p le m e n te d  m a in ly  to  p ro te c t th e  sp ec ie s  o v e r  th e  sp aw n in g  seaso n  o r 

to  lim it c a tch  e ffo rt (G u lla rd , 1974). F o r  ex am p le , in  M a la w i, f ish in g  c lo se d  seaso n  c o m m e n ce s  

o n  1 N o v e m b e r  to  th e  en d  o f  D e c e m b e r  to  p ro te c t C h am b o  (Oreochromis “ n y a sa la p ia ” spp) d u rin g  

th e ir  sp aw n in g  (D o n d a  &  N ja y a , 2 0 0 7 ). In  B o tsw a n a , f ish in g  c lo se d  seaso n  w a s  s tra teg ica lly  

in itia te d  to  p ro te c t sp aw n in g  fish ; as m o s t o f  th e  sp ec ie s  sp aw n  in  su m m e r (v an  d e r  W aa l, 1985; 

P ee l, 2 0 1 2 ). T h e  c lo se d  seaso n  ru n s  fro m  th e  f irs t o f  Ja n u a ry  to  th e  en d  o f  F e b ru a ry  each  year. 

T h is  is  a  c o m p ro m ise  b e tw e e n  th e  f ish e ry  m a n a g e m e n t an d  th e  fish e rm en . T h is  is b e c a u se  d u rin g  

th e  w e t seaso n  fo r  B o tsw a n a , th e  m a jo rity  o f  f ish e rs  le av e  f ish in g  as it  o v e rla p s  w ith  p lo u g h in g , 

h e n ce  re le a s in g  p re ssu re  fro m  th e  f ish e rie s  (M o se p e le , 2 0 0 1 ; N g w e n y a  e t a l., 2 0 1 2 ). T h is  h as  a lso  

b e e n  o b se rv e d  in  L a k e  L ia m b e z i w h e re  f ish e rm e n  re tu rn  to  v illa g e s  in  sp rin g  to  p la n t c ro p s  and  

re su m e  f ish in g  a fte r  th e  ra in s  (v a n  d e r  W aa l, 1980). Z a m b ia 's  f ish  c lo se d  sea so n  is  sy n ch ro n ise d  

w ith  B o tsw a n a 's  c lo se  seaso n  e x c e p t th a t Z a m b ia ’s m o ra to riu m  ru n s  fro m  1 D e c e m b e r  to  th e  end  

o f  F e b ru a ry , an d  s im ila rly  fo r  N a m ib ia  fish  c lo se d  seaso n  is  fro m  1 D e c e m b e r  to  en d  o f  F eb ru a ry . 

T h e  c o u n try  h o w e v e r, ra re ly  en fo rc es  th e  m o ra to riu m , w ith  th e  e x c e p t d u rin g  th e  o u tb re a k  o f  

e p izo o tic  u lc e ra tiv e  sy n d ro m e  w h e n  th e  fish e ry  w a s  c lo se d  fro m  21 D e c e m b e r  2 0 0 6  to  28  F e b ru a ry
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2 0 0 7  (T w ed d le , 2 0 0 9 ). L o ca l f ish e rm e n  a c k n o w le d g e d  s ig n ific a n tly  im p ro v e d  c a tc h e s  

e x p e r ie n c e d  in  2 0 0 7  a fte r  th e  f lo o d s  as a  re su lt o f  th e  m o ra to riu m  (T w ed d le , 2 0 0 9 ). C o u p le d  w ith  

th e se  a re  c lo se d  a reas  m e a n t to  re g u la te  f ish in g  e ffo rts  b y  d e s ig n a tin g  a  g e o g ra p h ica l lo c a tio n  as a 

c lo se d  a re a  fo r  f ish in g  (B e d d in g  &  R e ttig , 1984). F o r  ex am p le , in  B o tsw a n a , an y  fo rm  o f  f ish in g  

is  p ro h ib ite d  in s id e  p ro te c te d  a reas  su ch  as in  N a tio n a l P a rk s  an d  G a m e  R e se rv e s  (W ild life  and  

N a tio n a l P a rk s  A ct, 1992; F ish  P ro te c tio n  R e g u la tio n s , 2 0 0 8 ). T h is  en su re s  th e  p ro te c tio n  o f  fish  

s to c k  an d  th e se  s to ck s  re c o lo n ise  a d ja c e n t a reas  (B e d d in g  &  R e ttig , 1984).

M in im u m  le n g th  re s tr ic tio n  h as  n o t b e en  im p le m e n te d  in  B o tsw a n a  fish e rie s . T h e  m a in  p u rp o se  is 

to  p ro h ib it  fish e rs  fro m  h a rv e s tin g  im m a tu re  fish  o f  d e s ig n a te d  le n g th  size , so th a t  th e y  can  m a tu re  

an d  sp aw n  a t le a s t o n ce  b e fo re  e x p lo ita tio n . In  B o tsw a n a , i t  is  p ro h ib ite d  to  u se  m e sh  s izes  le ss  

th a n  4 in c h es  (1 0 0  m m ), w h ile  in  N a m ib ia  it is  p e rm is s ib le  to  u se  3 in c h es  (76  m m ) w h ic h  m ig h t 

c ap tu re  im m a tu re  fish  (In la n d  A c t M F M R , 2 0 0 3 ). In  M a la w i, b a se d  o n  fish  s ize  a t m a tu rity  

in fo rm a tio n , m in im u m  s ize  re s tr ic tio n  is  im p le m e n te d  to  p ro te c t y o u n g  f ish  to  en ab le  th e m  to  

m a tu re  p r io r  to  h a rv e s tin g  (D o n d a  &  N ja y a , 2 0 0 7 ). F o r  m a n a g e m e n t p u rp o se s , in  h e av ily  e x p lo ite d  

a reas  su ch  as Z a m b e z i an d  C h o b e  r iv e rs , th e  v u ln e ra b ility  o f  la rg e  c ich lid s  to  o v e rh a rv e s tin g  co u ld  

b e  re d u c e d  b y  u s in g  m in im u m  le n g th  lim its  to  d e lay  en try  o f  y e a r  c la sse s  in to  th e  f ish e ry  (P ay n e  

e t al., 1990). B y  a llo w in g  th e  fish  to  m a tu re , th e y  w ill c o n tr ib u te  to  fu tu re  sp aw n in g  s to ck s  and  

in c re a se  in  c a tc h e s  (B u rr, 1991).

T h e  S h ared  R e so u rc e s  M a n a g e m e n t p ro je c t (S R M ) o n  th e  Z a m b e z i and  C h o b e  R iv e rs  in  th e  

E a s te rn  C ap riv i h as  b e e n  in itia te d  in  c o lla b o ra tio n  w ith  n e ig h b o u rin g  c o u n tr ie s  to  fo rm u la te  

re se a rc h  m e th o d o lo g ie s  an d  a cq u ire  sk ills  to  e n su re  c o n s is te n c y  o f  su rv ey  m e th o d o lo g ie s , an d  to  

d ev e lo p  w o rk in g  re la tio n sh ip s  b e tw e e n  s tak e h o ld e rs  o n  b o th  s id es  o f  th e  r iv e r  (N a es je  e t al., 2 0 0 2 , 

2 0 0 3 . S evera l N A M B O T  (N a m ib ia  an d  B o tsw a n a )  jo in t  sec u rity  m e e tin g s  h a v e  b e e n  h e ld  tw ic e  

y e a r ly  b y  v a r io u s  d e p a r tm e n ts  to  c o m b a t an d  ad d re ss  f ish e rie s  an d  w ild life  c rim es, an d  to  e d u ca te  

an d  c o n su lt w ith  r ip a ria n  c o m m u n itie s  l iv in g  a lo n g  C h o b e -L in y a n ti-K w a n d o  an d  th e  Z a m b e z i 

R e g io n  o f  N a m ib ia .
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1 .7  T h e s i s  o u t l i n e

M a n a g e m e n t o f  an y  n a tu ra l re so u rc e s  sh o u ld  b e  b a se d  o n  so u n d  sc ie n tif ic  k n o w le d g e  o f  th e  

b io lo g y  o f  th e  ta rg e t sp ec ie s  (B o k h u tlo , 2 0 1 1 ). T h e  a im  o f  th e  s tu d y  is  to  b e tte r  u n d e rs ta n d  th e  

fu n c tio n  o f  p ro te c te d  a re as  as a  m a n a g e m e n t s tra teg y  fo r  th e  la rg e  c ich lid s  T h re e sp o t tila p ia  

Oreochromis andersonii, G re e n h e a d  tila p ia  Oreochromis macrochir an d  R e d b re a s t tila p ia  

Coptodon rendalli f ish e ry  in  B o tsw an a . T h e se  sp ec ie s  a re  th e  m o s t p re fe rre d  an d  ta rg e te d  b y  

f ish e rm a n  (M o se p e le , 2 0 0 0 ).

T h e  th e s is  is c o m p rise d  o f  f iv e  ch ap te rs . A fte r  th e  g e n e ra l in tro d u c tio n  (C h a p te r  1), C h a p te r  2 

d e sc rib e s  th e  s tu d y  a re a  an d  its  f ish  b io d iv e rs ity . In  C h a p te r  3, e x p e rim en ta l g illn e t su rv ey s  a re  

u se d  to  a sse ss  w h e th e r  c o m m e rc ia lly  im p o r ta n t la rg e  c ich lid s  a re  m o re  o r le ss  a b u n d a n t in  

e x p lo ite d  areas. In  C h a p te r  4, th e  ag e  an d  g ro w th  o f  la rg e  c ic h lid s  a re  e x p lo re d  to  te s t w h e th e r  th e  

e x p lo ite d  a reas  h a v e  o ld e r  la rg e -b o d ie d  fish  an d  to  a sse ss  reg io n a l v a ria tio n s  in  g ro w th  ra te s  

b e tw e e n  th e se  p o p u la tio n s  an d  a  p o p u la tio n  a sse ssed  b y  P ee l e t al. (2 0 1 6 ). In  C h a p te r  5, th e  

re p ro d u c tio n  o f  th e  th re e  sp ec ie s  w a s  a sse ssed  to  d e te rm in e  th e  le n g th  a t 5 0 %  m a tu rity  o f  la rg e  

c ich lid s  in  th e  C h o b e  D is tr ic t  an d  to  sh o w  h o w  it  d iffe rs  fro m  th a t in  th e  Z a m b e z i, K w a n d o  and  

O k a v a n g o  R iv e rs  an d  w h e th e r  th e  m in im u m  m e sh  s ize  re c o m m e n d e d  b y  P ee l (2 0 1 2 ) fro m  th e  

Z a m b e z i re g io n  (N a m ib ia )  w o u ld  b e  a p p ro p ria te  fo r  th e  C h o b e  D is tric t. F in a lly , C h a p te r  6, 

in c lu d e s  th e  g e n e ra l d isc u ss io n  an d  m a n a g e m e n t re c o m m e n d a tio n s  fo r  C h o b e  f ish e ry  w ith  

p a r tic u la r  re fe re n c e  to  th e  la rg e  c ich lid s  in  B o tsw a n a .
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C H A P T E R  2 :  S T U D Y  A R E A  A N D  F I S H  B I O D I V E R S I T Y  I N  C H O B E - Z A M B E Z I  A N D  

K W A N D O - L I N Y A N T I  R I V E R  S Y S T E M S

2 .1  I n t r o d u c t i o n

F o r  fish e rie s  m a n a g e rs  to  e ffe c tiv e ly  c o n se rv e  an d  m a n a g e  f ish in g , an  u n d e rs ta n d in g  o f  th e  f ish e ry  

in  th e  re g io n  to  p ro m o te  su s ta in a b le  u til is a tio n  is  req u ired . T h e  Z a m b e z i-C h o b e  an d  K w a n d o -  

L in y an ti w e tla n d  sy stem  s tra d d le s  B o tsw a n a  an d  N a m ib ia . T h e  C h o b e  R iv e r  b o rd e rs  th e  N o rth e rn  

p a r t o f  th e  C h o b e  N a tio n a l P a rk , fo rm in g  th e  in te rn a tio n a l b o u n d a ry  b e tw e e n  B o tsw a n a  an d  th e  

Z a m b e z i R e g io n  o f  N a m ib ia  (C h ild , 1986). T h e  C h o b e  N a tio n a l P a rk , is  B o ts w a n a 's  sec o n d  la rg e s t 

(1 1 ,7 0 0  k m 2) p a rk  an d  it  p ro v id e s  c ritica l h a b ita t fo r  th e  la rg e s t e le p h a n t (Loxodonda africana) 

p o p u la tio n  in  A frica , an d  is  a  h o s t to  o th e r  w ild life  sp ec ie s  (F o x  &  A le x an d e r, 2 0 1 5 ). T h e  s tu d y  

a re a  h as  d iffe re n t m ic ro h a b ita ts  su ch  as m arsh es , w a te rw a y s , r iv e rin e  fo res ts , d ry  w o o d la n d s , 

f lo o d p la in s  an d  sa v a n n a  g ra ss la n d s  e ssen tia l fo r  f ish  an d  w ild life  b io d iv e rs ity .

F o u n d a tio n a l s tu d ie s  in  th e  C h o b e  R e g io n  in  th e  1800s c o n c e n tra te d  o n  fish  c o lle c tio n s  w h e n  

n a tu ra lis t-e x p lo re rs  m a d e  e x p e d itio n s  in to  so u th e rn  A fric a  to  c o lle c t p la n t an d  an im a l sp ec im e n s  

(S k e lto n , 2 0 0 1 ). T h e se  ea rly  w o rk s , fo c u se d  o n  d e sc rip tio n  o f  sp ec ie s  ra th e r  th a n  o n  th e  b io lo g y  

an d  th e  e c o lo g y  o f  sp ec ies. F o r  ex am p le , in  1853 C h arle s  Jo h n  A n d e rsso n  e x p lo re d  L a k e  N g a m i 

in  B o tsw a n a  an d  d e sc rib e d  f in n y  f ish e s  lik e  p e rc h  (p ro b ab ly  ti la p ia s )  an d  b a rb e ls . M o re  e x am p les  

o f  ea rly  w o rk s , an d  th e  g rad u a l d e v e lo p m e n t u p  to  th e  c u rre n t fre sh w a te r  sc ie n tif ic  re se a rc h  w ere  

d e sc rib e d  in  c h a p te r  O ne. S evera l s tu d ie s  h a v e  b e e n  c o n d u c te d  o n  th e  N a m ib ia n  w a te rs  (C h o b e  

R iv e r)  sh a red  b y  B o tsw a n a  an d  N a m ib ia . T h e  c u rre n t s tu d y  th e re fo re  fo c u se s  o n  th e  le ss  s tu d ied  

h a b ita ts  in  B o tsw a n a  w h ic h  in c lu d e  th e  Z ib a d ia n ja  L a g o o n , S av u ti R iv e r  an d  m a rsh  an d  th e  S eb o b a  

rap id s . T h e  re su lts  w ill c o m p le m e n t c u rre n t re se a rc h  o n  L a k e  L iam b e z i an d  th e  m a in  s tream  riv e rs  

in  th e  Z a m b e z i-C h o b e  an d  K w a n d o -L in y a n ti  R iv e r  sy stem s.

T h e  B o tsw a n a  D e p a r tm e n t o f  W ild life  an d  N a tio n a l P a rk s  (F ish e rie s  sec tio n ) su rv ey s  w e re  

c o n d u c te d  fro m  la te  2 0 0 6 , a fte r  an  o u tb re a k  o f  e p iz o o tic  u lc e ra tiv e  sy n d ro m e  (E U S ). T h ese  

e x p e rim en ta l d a ta  w e re  c o lle c te d  in  th e  C h o b e  R iv e r  ev ery  tw o  m o n th s  an d  in  th e  K w a n d o -
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L in y an ti w e tla n d s  ev ery  O c to b e r  o r  N o v e m b e r  b y  B o tsw a n a  f ish e rie s  o ff ic e rs  b a se d  in  K asan e . 

T h e  d a ta  w e re  c o lle c te d  p r im a rily  to  u n d e rs ta n d  th e  c au sa tiv e  a g e n t o f  E U S  an d  to  re c o m m e n d  

p re v e n ta tiv e  m e a su re s  fo r  fu r th e r  sp read . C o n se q u e n tly , th e se  d a ta  w e re  a lso  u se d  to  a sse ss  th e  

fish  s to ck s  an d  c o m p ile  th e  fish  in v e n to ry  fo r  C h o b e  fish . T h e se  d a ta  h a v e  n o t b e e n  p u b lish ed , 

th e re fo re , th is  is  th e  f ir s t  a tte m p t to  p u b lish  a  c o m p re h e n s iv e  c h e c k lis t fo r  th e  C h o b e  d is tr ic t  o f  

B o tsw an a .

A im s  a n d  O b j e c t iv e s

T h e  p rim a ry  a im  o f  th is  c h a p te r  w a s  to  d e sc rib e  th e  h a b ita ts  o f  an d  to  u n d e rta k e  fish  b io d iv e rs ity  

su rv ey  fo r  th e  le ss  e x p lo re d  p a rts  o f  th e  a q u a tic  e co sy s tem  o f  th e  C h o b e  D is tr ic t  o f  B o tsw an a . T o 

d o  th is , su rv ey s  w e re  c o n d u c te d  in  th e  S e b o b a  ra p id s  o f  th e  C h o b e  riv e r, C h o b e  r iv e r  an d  K a v im b a  

f lo o d p la in s , S avu ti R iv e r  an d  m arsh , an d  Z ib a d ia n ja  L a g o o n  o n  th e  K w a n d o -L in y a n ti  R iv e r  

sy stem . T h is  c h a p te r  is in te n d e d  to  b e  a  q u a lita tiv e  a sse ssm e n t o f  th e  fish  an d  h a b ita t o f  th e se  fo u r 

lo c a litie s  an d  to  p ro v id e  a  sp ec ie s  c h e c k lis t o f  th e  C h o b e  d is tr ic t o f  B o tsw an a .

2 .2 .  D e s c r i p t i o n  o f  t h e  S t u d y  a r e a  

S a m p l in g  s it e s

S a m p lin g  w a s  c o n d u c te d  in  Z ib a d ia n ja  L a g o o n , b o th  in  d eep  an d  sh a llo w  h a b ita ts , th e  S av u ti R iv e r  

m a in  ch an n e l an d  m arsh , th e  C h o b e  R iv e r  an d  K a v im b a  f lo o d p la in s , s id e  ch an n e l, b a ck w a te r , and  

S e b o b a  ra p id s  (F ig u re  2 .1 ). T h e se  h a b ita ts  a re  re p re se n ta tiv e  o f  th e  Z a m b e z i-C h o b e , K w a n d o -  

L in y an ti an d  S av u ti riv e rs .
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F ig u r e  2 .1 .  T h e  s tu d y  a re a  sh o w in g  m a jo r  r iv e rs  an d  sam p led  a reas  in  N o rth e rn  B o tsw an a . Source: 

W ey l, p ro d u c e d  w ith  p e rm iss io n . T h e  p o s itio n  o f  th e  v a r io u s  w a te r  b o d ie s  sam p led  in d ic a te d  b y  

b lu e  sta rs

C h o b e  R iv e r  re c e iv e s  w a te r  fro m  lo ca l p re c ip ita tio n  an d  fro m  th e  Z a m b e z i R iv e r. W h e n  th e  

Z a m b e z i is  in  h ig h  flo o d , i t  c au se s  th e  C h o b e  R iv e r  to  b a c k f lo w  fe e d in g  th e  K a v im b a  flo o d p la in s  

an d  L a k e  L ia m b e z i (F ig u re  2 .2 ). L a k e  L ia m b e z i is  fed  b y  th e  B u k a lo  c h an n e l an d  L in y an ti R iv er. 

T h e  L in y an ti R iv e r  is  fe d  b y  th e  K w a n d o  R iv e r  an d  S e lin d a  sp illw ay . T h e  Z ib a d ia n ja  L a g o o n  

re c e iv e s  w a te r  fro m  th e  K w a n d o  R iv e r  an d  th e  O k a v a n g o  th ro u g h  th e  sp illw ay . T h e  Z ib a d ia n ja  

L a g o o n  feed s  th e  Savu ti R iv e r  an d  m arsh , w h ic h  en d s  a t th e  M a b a b e  d e p re ss io n  w h e re  w a te r  fro m  

th e  M a b a b e  R iv e r  th ro u g h  th e  K h w a i R iv e r  fro m  th e  O k a v a n g o  ends. U ltim a te ly , in  h ig h  flo o d s , 

th e  w h o le  r iv e r  sy stem  co n n ec ts . T h e  S e lin d a  sp illw a y  c o n n ec ts  th e  K w a n d o -L in y a n ti  to  th e  

O k a v a n g o  D e lta , an d  th e  Z a m b e z i R iv e r  v ia  L a k e  L iam b e z i to  th e  C h o b e  R iv e r  (v an  d e r W aa l &  

S k e lto n , 1984; M erro n , 1989a; D e lo itte  & T o u ch e , 1992) d u rin g  e x tre m e ly  h ig h  flo o d s.
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C h o b e  R iv e r  a n d  K a v im b a  F lo o d p la in s

T h e  C h o b e  R iv e r, w h ic h  fo rm s  th e  in te rn a tio n a l b o rd e r  b e tw e e n  B o tsw a n a  an d  N a m ib ia , c o n n ec ts  

to  th e  K w a n d o -L in y a n ti r iv e r  sy stem  v ia  L a k e  L ia m b e z i (M p h o , 2 0 0 2 ). B as ic a lly , i t  is  an  e x ten s io n  

o f  L a k e  L iam b e z i in  th e  w e s t  a lo n g  th e  B o tsw a n a  b o rd e r  to  th e  Z a m b e z i R iv e r  a t Im p a lila  Is la n d  

(P ee l, 2 0 1 2 ). T h e  r iv e r  co n sis ts  o f  th e  n a rro w  c h an n e l n e a r  L a k e  L ia m b e z i, w h ic h  ra p id ly  b e c o m e s  

an  e x ten s iv e  sh a llo w  f lo o d p la in  n o rth  o f  K a ch ik a u , K a v im b a , M a b e le  an d  a b o v e  th e  b o rd e r  to w n  

o f  N g o m a  (P ee l, 2 0 1 2 ). T h e  w a te r  d e p th  o f  th e  C h o b e  R iv e r  v a rie s . F o r  ex am p le , a t N g o m a  B rid g e  

it  can  re a c h  1 .8 -2 .0  m , a t K a sa n e  to w a rd s  th e  Z a m b e z i i t  re a ch e s  5.1 m , w h ile  a t th e  G a m e  L o d g e  

it  re a ch e s  2 .6  m  in  A p ril (C ro n b e rg  e t a l.,1 9 9 5 ). T h e  c h em ica l c o m p o s itio n  o f  th e  C h o b e  R iv e r  

seem s to  b e  lik e  th a t o f  th e  Z a m b e z i a t K a rib a  in f lo w  (C ro n b e rg  e t a l.,1 9 9 5 ).

H y d r o lo g y

T h e  f lo w  o f  th e  C h o b e  a lte rn a te s  d e p e n d in g  o n  th e  p re v a ilin g  h y d ro lo g ic a l c y c le  (v a n  d e r  W aa l, 

1980). I t is  p re d ic te d  th a t d u rin g  th e  y e a rs  o f  h ig h  f lo o d s  th e  C h o b e  R iv e r  can  c h a n g e  d ire c tio n  at 

le a s t th re e  tim e s  a  year. In  A u g u s t to  Ja n u a ry  it  f lo w s  e as tw a rd s  to w a rd s  th e  Z a m b e z i an d  fro m  

F e b ru a ry -M a rc h  it  f lo w s  w e s tw a rd s  to w a rd s  L a k e  L iam b e z i. T h is  is  c o m m o n  w h e n  th e  Z a m b e z i 

is  in  h ig h  flo o d , i t  re v e rse s  th e  C h o b e  c re a tin g  a  b a c k f lo w  in u n d a tin g  th e  C h o b e /L in y a n ti 

f lo o d p la in s  o n  th e  s o u th -w e s t  o f  th e  Z a m b e z i (T w ed d le , 2 0 1 0 ). T h e n  in  A p r i l - J u n e  it  f lo w s  

e as tw a rd s  ag a in  as a  re s u lt  o f  th e  d ra in a g e  o f  th e  f lo o d p la in s  a fte r  th e  Z a m b e z i re c e ss io n  (v a n  d e r 

W aa l, 1980).

T h e  C h o b e  R iv e r  h as  d eep , fa s t-f lo w in g  an d  w e ll o x y g e n a te d  w a te r  n e a r  th e  to w n  o f  K a sa n e  

to w a rd s  th e  Z a m b e z i R iv e r  (C ro n b e rg  e t a l.,1 9 9 5 ). T h e  ro c k y  su b stra te  is  fo u n d  n e a r  C h o b e  G am e  

lo d g e , S av a n n a  lo d g e  a n d  to w a rd s  th e  N g o m a  B rid g e . T h e  su b stra te  a ttra c ts  th e  p re se n c e  o f  

in v e rte b ra te s  su ch  as c rab s, d a m se lf lie s  an d  d ra g o n flie s  (B a k an e  pers. obs.). T h e  r iv e r  p o sse sse s  

san d y  su b stra te , as w e ll as c lay  su b stra te  a ro u n d  S ed u d u  Is lan d . T h e  Is la n d  can  b e  c o m p le te ly  

c o v e red  b y  w a te r  d u rin g  h ig h  flo o d s . T h e  C h o b e  R iv e r  h as  m a rg in a l v e g e ta tio n  m a in ly  reed s  

Phragmites mauritianus, w a te r  c h es tn u ts  trapaceae an d  b u lru sh e s  w ith  P a p y ru s  Cyperuspapyrus 

an d  h ip p o  g ra ss  Vossia cuspidata. M o s t o f  th e  b a c k w a te rs  a t C h o b e  sa v a n n a  an d  S ed u d u  are  

c o v e red  w ith  w a te r lilie s  Nymphaea nouchali. T h e  K a rib a  w e e d  Salvania molesta h a s  b e en
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re m o v e d  b y  b io lo g ic a l co n tro l u s in g  w e e v ils  Cyrtobagous salvinae (D e lo itte  &  T o u ch e , 1992; 

K u ru g u n d la  e t al., 2 0 1 0 ) an d  o n ly  a  fe w  p a tc h e s  w e re  o b se rv e d  e sp e c ia lly  d u rin g  th e  in flo w  

b e tw e e n  D e c e m b e r  2 0 1 4  an d  A p ril 2 0 1 5  (B a k a n e  pers. obs.). T h e  C h o b e  R iv e r  h as  h ig h e r 

p h y to p la n k to n  b io m a ss  (0 .0 5 -0 .8 6  m g /l)  c o m p a re d  to  K w a n d o -L in y a n ti (C ro n b e rg  e t a l.,1 9 9 5 ). It 

is  d o m in a te d  b y  b lu e -g re e n  a lg ae  Microcystic aeruginosa an d  th e  d ia to m s Aulacoseira and  

Cyclotella (B a lo n  &  C o ch e , 1974; D av ies , 1986).

L a n d  U s e

C h o b e  R iv e r  is p a r t o f  C h o b e  N a tio n a l P ark . T h e  p a rk  is  r ic h  in  b io d iv e rs ity  (M o se tlh i, 2 0 1 2 ) 

h e n ce  a  to u r is t  d e s tin a tio n . T h e  n a tu ra l re so u rc e  b a se  o f  th e  C h o b e  m a k es  th e  d is tr ic t  th e  seco n d  

m o s t p o p u la r  to u rism  d e s tin a tio n  in  B o tsw a n a  a fte r  th e  O k a v an g o . A n n u a l v is ito rs  to  C h o b e  

N a tio n a l P a rk  in c re a se d  fro m  60 , 0 0 0  in  1995 to  m o re  th a n  110, 0 0 0  in  2 0 0 4  (F o x  &  A le x an d e r, 

2 0 1 5 ) e sp e c ia lly  d u rin g  d ry  seaso n  w h e n  a  la rg e  a g g re g a tio n  o f  w ild life  f lo c k  to  th e  r iv e rfro n t 

(C h ase , 2 0 1 2 ). A  w e a lth  o f  an im a l life  is a sso c ia te d  w ith  r iv e rin e  fo res ts , th e  re e d  b e d  an d  r iv e r  

b an k s . F ig u re  2 .2  su m m a rise s  so m e o f  th e  h a b ita ts  in  C h o b e  R iv e r. S o m e sp ec ie s  a re  re s id e n t 

w h ile  a  ra n g e  o f  o th e rs  m ig ra te  sea so n a lly  b e tw e e n  th e  w e tla n d  an d  a d ja c e n t sav an n as  (M o se tlh i, 

2 0 1 2 ).

T h e  C h o b e  R iv e r  r ise s  in  th e  n o rth e rn  A n g o la n  h ig h la n d s  an d  tra v e ls  a  g re a t d is ta n c e  b e fo re  it 

re a ch e s  B o tsw a n a . T h e  C h o b e  R iv e r  tra v e rse s  th e  C h o b e  N a tio n a l P a rk  an d , th e re fo re , f ish in g  is 

p ro h ib ite d  e x c e p t o n  th e  N a m ib ia n  s id e  o f  th e  sam e  riv e r. T o u ris ts  v is i t  C h o b e  N a tio n a l P a rk  and  

en jo y  m o rn in g  an d  a fte rn o o n  g a m e  d riv e s  an d  b o a t r iv e r  c ru ise s  w h e re  th o u sa n d s  o f  e lep h an ts , 

u n g u la te s , b ird s , p re d a to rs , re p tile s  an d  fish  a re  seen  (M o se tlh i, 2 0 1 2 ).

F is h  F a u n a  o f  C h o b e  R iv e r

T h e  fish  fa u n a  o f  th e  C h o b e  r iv e r  is  lik e  th a t o f  O k a v a n g o  D e lta  an d  u p p e r  Z a m b e z i riv e r, b e c a u se  

o f  p e rio d ic  in te r  lin k in g  o f  th e se  r iv e r  b a s in  (M e rro n  1989a). E a r lie r  su rv ey s  b y  M e rro n  (1 9 8 9 a ) 

in  K w an d o , S e lin d a  sp illw a y  an d  C h o b e  R iv e r  b e tw e e n  S e p te m b e r 1985 an d  D e c e m b e r  1986  and  

re c o rd e d  53 fish  sp ec ies. A n  a n a ly s is  o f  f ish  ca tc h e s  d u rin g  th e  1985 C h o b e  f ish in g  c o m p e titio n  

re v e a le d  n in e  sp ec ie s  w h ic h  w e re  c o m m o n  to  b o th  g illn e t an d  re c rea tio n a l c a tc h e s  (M e rro n  &  

S eh em o ,1 9 8 7 ). T h e se  w e re  Hydrocynus vittatus, Clarias gariepinus, Clarias ngamensis,
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Synodontis spp, Oreochromis andersonii, Oreochromis macrochir, Sargochromis giardi, 

Serranochromis robustus jallae  an d  Coptodon rendalli. T h e  C h o b e  R iv e r  f ish e rie s  su ch  as 

Hydrocynus vittatus, Opsaridium zambenzense, Micralestes a cu tid en s , Labeo lunatus and  

Mastacembelus frenatus a re  h ig h ly  m o b ile  an d  rh e o p h illic  sp ec ie s  p re fe rr in g  fa s t- f lo w in g  w a te rs  

(M erro n , 19 89a). T h e  p re se n c e  o f  Hydrocynus vittatus an d  Labeo cylindricus in d ic a te  a  m o re  

riv e rin e  h a b ita t (M erro n , 1989a). S p ec ies  su ch  as sp in y  eel Mastacembelus vanderwaal, c a tf ish  

Clariallabesplatyprosopos a re  a lso  p re se n t an d  re s tr ic te d  to  ra p id  h a b ita t (T w ed d le  e t al., 2 004). 

M o s t sp ec im e n s  c o lle c te d  d u rin g  th e  f ish in g  c o m p e titio n  w e re  th re e sp o t t i la p ia  w h ic h  c o n trib u te d  

6 6 %  o f  th e  ca tch es. T h e  la rg e s t O. andersonii w e ig h e d  2 .3 k g , th e  la rg e s t H. vittatus w a s  2 .2  k g  

an d  th e  la rg e s t C. gariepinus w e ig h e d  6.8  kg.

F ig u r e  2 .2 .  (a ) B a c k w a te rs  in  th e  C h o b e  riv e r, (b ) iso la te d  p o o ls  a t K a b u la b u la  in  th e  C h o b e  

R iv e r, (c )th e  C h o b e  r iv e r  m a in  ch an n e l, (d ) b o a t su ch  as sp eed  b o a ts , f ish in g  b o a ts  an d  h o u se  b o a ts  

a re  u se d  b y  to u r is ts  fo r  c ru is in g  an d  g a m e  v ie w in g  a lo n g  th e  C h o b e  R iv e r. P h o to s  b y  B a k a n e  M .
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S a m p l in g  s t a t io n

T h e  Z a m b e z i-C h o b e  r iv e r  sy stem  w a s  sam p led  a t S ed u d u  1: S 1 7 0 4 5 .4 5 2 , E 0 2 5 0 0 8 .0 3 9 , S ed u d u  

2: S 1 7 04 9 .5 2 6 , E 0 2 5 0 0 7 .2 5 2 , S ed u d u  3: S 1 7 0 4 9 .9 3 0 , E 0 2 5 0 0 6 .0 3 7 , C h o b e  sa v a n n a  S 1 7 04 9 .6 4 5  

E  0 2 5 0 0 2 .5 6 9  an d  fish  p u rc h a se s  w e re  m a d e  a t K a v im b a  flo o d p la in s  S 1 8 0 0 5 .8 7 4  E 0 2 5 0 0 2 .5 6 9 . 

F ig u re  2.3 su m m a rie s  th e  fo u r  sam p led  h a b ita ts  in  th e  C h o b e  river.

F ig u r e  2 .3 .  F o u r  s am p lin g  s ta tio n s  in  th e  C h o b e  R iv e r  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2 0 1 5 . 

S o u rce ; G o o g le  ea rth  m ap s.

S e b o b a  N a t u r e  a n d  R e c r e a t io n a l  P a r k  ( r a p id s )

S e b o b a  (S 1 7 .7 8 1 1 9 5 , E 0 2 5 .1 6 8 6 8 8 ) o r  C h ih u h a , in  lo ca l S isu b iy a  an d  S iv u v a  in  L o z i, m e an s  a 

p la ce  o f  rap id s .
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H y d r o lo g y

T h e  ra p id s  d a te  to  th e  la te  q u a te rn a ry  e ra  w h e n  th e  C h o b e  R iv e r  fo rm e d  as an  e x te n s io n  o f  th e  

K w a n d o -L in y a n ti  sy stem  to  o c cu p y  a  c h an n e l p re v io u s ly  a b a n d o n e d  b y  th e  Z a m b e z i R iv e r  

(D e lo itte  &  T o u ch e , 1992). D u rin g  th e  flo o d in g  o f  Z a m b e z i-C h o b e  in  F e b ru a ry -M a y  th e  w a te r  

c o v e rs  th e  ro c k s  an d  c re a te s  ra p id s  an d  rif f le s  (B a k a n e  p e rs .o b s). T h e  Z a m b e z i f lo o d s  m a y  d e lay  

an d  m ay  re a c h  C h o b e  R iv e r  a t th e  en d  o f  M a rc h  o r  a rriv e  as e a rly  as F eb ru a ry . A fte r  f lo o d  

re c ess io n , is o la te d  p o o ls  w ith  s tag n a n t w a te r  re m a in  as h a b ita t fo r  so m e fish  sp ec ies. T h e  h a b ita ts  

in  an d  a ro u n d  th e  S e b o b a  ra p id s  a re  v a ria b le . T h ey  in c lu d e  fa s t- f lo w in g  c u rre n t o v e r  th e  ro c k s  and  

w e ll o x y g e n a te d  w a te r , c le a r  w a te r  w ith  san d y  o r  ro c k y  su b stra te  as w e ll as  m a rg in a l v e g e ta tio n  

(B a k an e  pers. obs.).

L a n d  U s e

T h e  S eb o b a  N a tu re  an d  R e c re a tio n a l P a rk  is  u n d e r  th e  m a n a g e m e n t o f  B o tsw a n a  T o u rism  

O rg a n iz a tio n  an d  C o m m iss io n e rs  K o p  C o n se rv a tio n  T ru s t w h ic h  h a v e  g o n e  in to  p a rtn e rsh ip  to  

d ev e lo p  S e b o b a  N a tu re  an d  R ec re a tio n a l P a rk  (B o tsw a n a  to u rism  o rg a n isa tio n  pers. co m m .).

T h e  S eb o b a  N a tu re  an d  R ec re a tio n a l P a rk  o ffe rs  to u rism  a c tiv itie s  su ch  as w a lk in g  tra ils  w h e re  a 

2 -k m  n e tw o rk  o f  w a lk in g  tra ils  h as  b e e n  e re c te d  o n  an  e lev a te d  p la tfo rm  w ith  lo o k s  o u t p o in ts  

f it te d  w ith  b e n c h e s  fo r  re la x a tio n  an d  b ird  w a tch in g . T h e re  a re  tw o  s e lf -c a te rin g  p ic n ic  sites, a 

tra d itio n a l v illa g e  w ith  fo u r  h u ts  an d  o r  s tru c tu re s  d e p ic tin g  th e  B asu b ia , B a n a m ib ia , B a sa rw a  a nd  

B a ta w a n a  cu ltu re  in  C h o b e  re g a rd in g  th e ir  s lee p in g  p laces , k itch en s , fo o d  s to rag e  an d  fa m ily  areas. 

L a s tly , i t  h a s  a  m u ltip u rp o se  p e rfo rm a n c e  a ren a , w h e re  g u e s ts  are  p ro v id e d  w ith  cu ltu ra l 

e n te r ta in m e n t th ro u g h  tra d itio n a l song , d a n ce  an d  p o e try  fro m  all o v e r  B o tsw an a .

T h e  ra p id s  a re  an  im p o r ta n t b ird  area . S la ty  eg re t, A fric a n  fin fo o t, lo n g  c re s te d  e ag le  an d  th e  

A fric a n  sk im m er; ro c k  p ra tin c o le  h a v e  b e e n  seen  d u rin g  lo w  f lo o d  w a te rs . O p e n  b ill s to rk  n o rm a lly  

n e s t in  th e  tre e s  a t S e b o b a  ra p id s  in  A u g u s t an d  S ep tem b er, h o w ev er, so m e tim es  y o u n g  b o y s  

a ro u n d  K a sa n e  s to n e  th e  b ird s  an d  th e ir  n e s ts  to  g e t th e  c h ick s  fo r  b a itin g  fish  (B a k a n e  p e rs .o b s .) .
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F is h  f a u n a  o f  t h e  S e b o b a  r a p id s

T h e  S e b o b a  ra p id s  a re  ra re ly  sam p led  as sp ec ia l p a ra p h e rn a lia  (sh o c k in g  a p p a ra tu s  an d  o r 

ro te n o n e ) a re  re q u ire d  b u t a re  n o t a v a ilab le  fo r  m o s t in s titu tio n s . T h e  re la tiv e  a b u n d a n c e  o f  fish  

fa u n a  v a rie s  p rio r  to  an d  a fte r  f lo o d in g  (B a k an e  p e rs .o b s .) . D u rin g  h ig h  f lo o d s  (F e b ru a ry -M a y ) , 

w h e n  th e  w a te r  ru n s  th ro u g h  th e  ra p id s , f ish  a re  d isp e rse d  an d  fish e rs  u se  tra d itio n a l g e a r  su ch  as 

tra p s  an d  sp ea rs  fo r  fish in g . H o w ev e r, a f te r  th e  w a te r  rec ed e s , th e  fish  p re se n t a re  p re d o m in a te ly  

ro c k  d w e lle rs . T h e  fish  sp ec ie s  a sso c ia te d  w ith  th e se  ra p id s  in c lu d e  Clarillable platyprosops, 

Mastacembelus frenatus  an d  Mastacembelus vanderwaali, Labeo cylindricus, Amphilius 

uranoscopus, Enteromius condringtonii, Synodontis spp , Hippopotamyrus szaboi, Opsaridium 

zambenzense, Enteromius eutamia an d  Chiloglanis sp ec ie s  (v an  d e r  W aa l, 2 0 0 9 ).

2 .3  M a t e r ia l s  a n d  m e t h o d s  

E le c t r o f i s h i n g

T o  a sse ss  th e  fish  p o p u la tio n  o f  S e b o b a  ra p id s  e lec tro  f ish in g  w a s  c o n d u c te d  b y  w a d in g  th ro u g h  

th e  rap id s . A  S u m u s 7 2 5 g  b a c k  p a c k  e lec tro  f is h e r  w a s  u se d  a tta ch e d  to  a  12V  b a tte ry  w ith  se ttin g s  

fo r  e lec tro f ish in g  s tan d a rd ise d  a t th re e  m illise c o n d s  an d  fre q u e n c y  80 H z. A fte r  each  p a ss  fish  

c a u g h t w e re  p la c e d  in  a  b u c k e t w ith  w a te r  an d  a n o th e r  p a ss  co n d u c ted . T h e  sh o ck e r w a s  e ffe c tiv e  

as w a te r  h as  g o o d  co n d u c tiv ity . T w o  sco o p -n e ts  w e re  u se d  to  c o lle c t s tu n n ed  fish  fro m  th e  sh o ck er. 

T h e  rap id s , a lth o u g h  ro ck y , h a d  san d y  su b stra te  in  so m e areas. F ig u re  2 .4  il lu s tra te  th e  h a b ita ts  

an d  f ig u re  2 .5  th e  e le c tro - f is h e d  h a b ita ts  o f  S e b o b a  rap id s.
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F ig u r e  2 .4 .  (a ) th e  S eb o b a  ra p id s  a re  in s id e  th e  S e b o b a  N a tu re  &  R e c re a tio n a l P a r k -  d u rin g  th e  

flo o d in g  o f  Z a m b e z i-C h o b e  in  F e b ru a ry -M a y  th e  w a te r  c o v e rs  th e  ro c k s  an d  c re a te s  riffle s , (b ) 

c lea r  w a te r  w ith  san d y  su b stra te , (c ) fa s t- f lo w in g  c u rre n t o v e r  th e  ro c k s  is  w e ll o x y g e n a te d , (d ) 

a f te r  th e  flo o d s , iso la te d  p o o ls  o f  s ta g n a n t w a te r  re m a in  as h a b ita t fo r  so m e  fish  sp ec ie s . P h o to s  

b y  B a k a n e  M .
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F ig u r e  2 .5 .  S am p led  h a b ita ts  in  th e  S e b o b a  R a p id s  in  C h o b e  R iv e r, K a sa n e  in  S e p te m b e r 2 0 1 4 . 

S o u rce ; G o o g le  ea rth  m ap s.

T h e  K w a n d o - L i n y a n t i  R iv e r  s y s t e m

T h e  K w a n d o  R iv e r  o rig in a te s  fro m  so u th e rn  e a s te rn  A n g o la  (M erro n , 1989a). I t e n te rs  B o tsw a n a  

a t lo n g itu d e  2 3 0 1 7 ’ .8 5 5 ’ an d  la titu d e  170 5 9 ’ .942. T h e  K w a n d o  in  B o tsw a n a  fa lls  in  th e  C o n tro lle d  

H u n tin g  a re a  (C H A s) in  N G  14. T h e  N G 1 4  c o v e rs  an  a re a  o f  2 ,3 2 5  k m 2.

T h e re  is  n o  c le a r - c u t  lin e  b e tw e e n  th e  K w a n d o  an d  L in y an ti R iv e rs  an d  th e re fo re  re fe rre d  as th e  

K w a n d o -L in y a n ti sy s te m  to  il lu s tra te  th e ir  h y d ro lo g ica l c o n n ec tio n . T h e  L in y an ti fa lls  w ith in  

c o n tro lle d  h u n tin g  a re a  (C H A ) N G  15. T h e  N G  15 co v ers  an  a re a  o f  1 ,250  k m 2. A s K w a n d o  flo w s 

in to  th e  S a jaw a, i t  b e c o m e s  th e  L in y an ti an d  th e re  is  v a r ia tio n  in  flo ra . T h e  L in y an ti R iv e r  f lo w s  

a lo n g  th e  fa u lt scarp  an d  c re a te s  sm all sea so n al f lo o d p la in s  b u t is m a in ly  c h a ra c te rise d  b y  sw am p s, 

w h ic h  g iv e s  th e  L in y an ti sw am p s (M erro n , 1989; D e lo itte  &  T o u ch e , 1992). T h e  S e lin d a  sp illw ay  

c o n n ec ts  K w a n d o -L in y a n ti to  th e  O k a v a n g o  D e lta , an d  u ltim a te ly  Z a m b e z i R iv e r  v ia  L a k e  

L ia m b e z i to  th e  C h o b e  R iv e r  (M erro n , 1989; D e lo itte  &  T o u ch e , 1992) d u rin g  e x tre m e ly  h ig h  

f lo o d s  (e .g ., in  2 0 0 8 /0 9  an d  2 0 0 9 /2 0 1 0 ) (K u ru n g u n d la  &  M p h o , 2 0 0 3 ; K u ru g u n d la  e t al., 2 0 1 0 ).
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Z i b a d i a n j a  L a g o o n  / M a d i b a  c o m p le x

Z ib a d ia n ja  lie s  w ith in  th e  S e lin d a  R e se rv e  in  a  c o n tro lle d  h u n tin g  a rea  (C H A ) N G  16. T h is  a rea  

c o v e rs  1 ,3 50  k m 2. Z ib a d ia n ja  in  th e  lo ca l S u b ia  la n g u a g e  m e an s  a  lagoon fo r  red lechwe Kobus 

leche. T h e  sem i-a m p h ib io u s  red  le c h w e  m ig ra te  in to  an d  o u t o f  th e  Is la n d s  fo llo w in g  w a te r  lev e ls . 

T h e ir  sea so n al a g g re g a tio n  o n  sh a llo w  g ra z in g  la w n s  a c t as a  n u tr ie n t p u m p  b y  re tr ie v in g  n u trien ts  

o v e r  a  w id e  a re a  an d  c o n c e n tra tin g  th e m  o n  th e  g ra z in g  la w n  (H u c h ze rm e y e r, 2 0 1 3 ) b y  d e fe c a tin g  

an d  fo ra g in g  o n  th e  is la n d  w h ic h  e n ric h es  th e  w a te r  (M o se p e le  e t a l., 2 0 0 9 ). T h e  la g o o n  is  s itu a ted  

o n  th e  so u th  o f  th e  K w a n d o -L in y a n ti R iv e rs . T h e  la g o o n  is  a p p ro x im a te ly  2 .6 7  k m 2.

H y d r o l o g y

T h e  re g io n  re c e iv e s  lo c a l p re c ip ita tio n  b e tw e e n  N o v e m b e r  an d  M arch  (M p h o , 2 0 0 2 ) an d  re c e iv e s  

w a te r  fro m  K w a n d o -L in y a n ti v ia  th e  D u m a ta u  c h an n e ls  b u t o u tflo w s  fro m  O k a v a n g o  D e lta  d u rin g  

h ig h  f lo o d s  m a y  re a c h  th e  la g o o n  v ia  S e lin d a  sp illw a y  (D e lo itte  &  T o u c h e  1992). T h e  D u m a ta u  

L a g o o n  is  c o n n e c te d  to  Z ib a d ia n ja  L a g o o n  (K u ru n g u n d la  e t al., 2 0 1 0 ). T h e  p e a k  o f  f lo o d in g  in  th e  

K w a n d o  R iv e r  is  in  w in te r  a ro u n d  Ju n e /Ju ly , b u t b e c a u se  o f  th e  m e a n d e rin g  c o u rse  o f  th e  r iv e r  

an d  th e  p re se n c e  o f  a q u a tic  re e d s  Phragmites mauritianus an d  Cyperus papyrus m a rg in s  w a te r  

re a ch e s  th e  Z ib a d ia n ja  L a g o o n  in  A u g u s t (M erro n , 1989a). W e lc o m m e  e t al. (2 0 0 6 ) re p o rte d  th a t 

th e  f lo w  o f  th e  r iv e r  is  d e te rm in e d  b y  th e  g e n e ra l g e o m o rp h o lo g ic a l c h a ra c te r  o f  th e  riv e r, th e  

sh ap e  an d  s ize  o f  th e  r iv e r  ch an n e l. T h e  w a te r  d e p th  o f  K w a n d o -L in y a n ti R iv e rs  can  re a ch  2 - 3  m  

in  A p ril (D av ie s , 1986). T h e  c h em ica l c o m p o s itio n  o f  th e  K w a n d o -L in y a n ti R iv e r  in d ic a te  th a t  th e  

w a te r  h as  h ig h e r  io n ic  c o n ten t, lo w e r  pH . an d  h ig h e r  su lp h a te  c o n c e n tra tio n s  th a n  th e  O k a v an g o  

(C ro n b e rg  e t a l.,1 9 9 5 ). K w a n d o -L in y a n ti is  c h a ra c te rise d  b y  fe w  p h y to p la n k to n  sp ec ie s  an d  lo w  

to ta l b io m a ss  (0 .0 2 -0 .3 2 m g /l) . Cryptomonas, Cyclotella an d  Synedra d o m in a te  th is  a rea  

(C ro n b e rg  e t a l.,1 9 9 5 ).

Z ib a d ia n ja  L a g o o n  e x h ib its  s lo w -flo w in g , tu rb id  w a te r  w ith  m a rg in a l v e g e ta tio n  an d  su b m erg ed  

m a c ro p h y te s . R e d u c e d  w a te r  v e lo c ity  a llo w s  th e  e s ta b lish m e n t o f  a q u a tic  p la n ts  (a lg a e  and  

m a c ro p h y te s )  (R o lls  e t a l., 2 0 1 2 ) w h ic h  re su lts  in  h ig h  m a c ro in v e r te b ra te s  a b u n d a n c e  (S h o ste ll &  

W illia m s , 2 0 0 7 ). T h e  Z ib a d ia n ja  L a g o o n  h o u se s  h ip p o p o ta m i, la rg e  p o p u la tio n s  o f  fish , f lo ra  and  

fauna .
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L a n d  U s e

T h e  la g o o n  is  a  m a jo r  to u r is t  a ttra c tio n  fo r  p h o to g ra p h y  an d  g a m e  v ie w in g  in  th e  K w a n d o - 

L in y an ti system . T h e  la g o o n  lie s  in  th e  c o n c e ss io n  a re a  N G  16, fo r  L in y an ti e x p lo ra tio n  an d  th e  

G re a t P la in s  (K u ru g u n d la  e t al., 2 0 1 0 ). T h e re  is  m in im a l fish in g ; p re d o m in a n tly  c a tch  an d  re le a se  

an d  su b sis te n ce  f ish in g  o v e rsee n  b y  re s id e n t p ro fe ss io n a l g u id e s  in  th e  c o n c e ss io n  n o rm a lly  on  

S u n d ay  a fte rn o o n s  (B a k a n e  pers. obs.).

F is h  f a u n a  o f  Z i b a d i a n j a  L a g o o n

T h e  ic h th y o fa u n a  o f  Z ib a d ia n ja  L a g o o n  n e a r  th e  S e lin d a  sp illw ay , w e re  f ir s t  d e sc rib e d  b y  M e rro n  

(1 9 8 9 a ), w h o  c h a ra c te rise d  th e m  as s ed e n ta ry  sp ec ies. T h e  fish  p o p u la tio n  w a s  d o m in a te d  b y  

Oreochromis andersonii (1 9 % ), Serranochromis angusticeps (1 2 % ), Serranochromis robustus 

(5 % ), Sargochromis giardi (1 1 % ), Clarias gariepinus (23% ), Clarias ngamensis (1 2 % ), Schilbe 

intermedius (5 % ), Mormyrus lacerda (3 % ) an d  Hepsetus cuvieri (2 % ). Z ib a d ia n ja  p ro v id e d  a 

C P U E  o f  30  k g  p e r  g illn e t f le e t (M erro n , 1989a).

In  2 0 0 3 , Z ib a d ia n ja  L a g o o n  d rie d  u p  (K u ru g u n d la  e t al., 2 0 1 0 ). T h is  im p a c te d  n e g a tiv e ly  o n  th e  

to u rism  sec to r an d  b io d iv e rs ity  in  th e  co n ce ss io n . A fte r  in v e s tig a tio n , i t  w a s  re v e a le d  th a t, 

v e g e ta tio n  an d  th e  in c re a se  in  sed im en ts  b lo c k e d  th e  su p p ly in g  c h a n n e ls  to  Z ib a d ia n ja  L ag o o n . 

T h e  c h an n e ls  w e re  u n b lo c k e d  an d  th e  h y d ro lo g y  w a s  re s to re d  (K u ru g u n d la  e t al., 2 0 1 0 ). F ig u re  

2 .6  su m m a rie s  th e  h a b ita ts  an d  F ig u re  2 .7  th e  sam p led  h a b ita ts  in  th e  Z ib a d ia n ja  lag o o n .

S a m p l i n g  s t a t io n s

Z ib a d ia n ja  L a g o o n  (S 1 8 03 4 3 9 .4 , E 0 2 3 0 3 2 2 7 .3 ) w a s  sam p led  a t fo u r  s ites  to  c o v e r b o th  d eep  and  

sh a llo w e r h a b ita ts  a t th e  p e rip h e ry  o f  th e  la g o o n  Z ib a  1: S 180 3 4 .4 3 5 , E  0 2 3 0 3 2 .4 1 6 , Z ib a  2: S 

180 3 4 .7 5 4 , E 0 2 3 0 3 2 .1 7 6 , Z ib a  3: S 1 8 0 3 6 .5 3 8 , E 0 2 3 0 3 0 .6 3 1 , Z ib a  4: S 1 8 0 3 6 .4 3 2 , E  0 2 3 0 30 .8 4 8 .
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F ig u r e  2 .6 .  (a ) Z ib a d ia n ja  lag o o n , (b ) sh a llo w  la g o o n  w ith  m a c ro p h y te s , (c ) Schilbe intermedius 

w a s  th e  d o m in a n t sp ec ie s  b y  n u m b e r  an d  w e ig h t in  th e  la g o o n s  (th is  s tudy). P h o to s  b y  B a k a n e  M.

Ziba 2

Ziba 1

Ziba 4 Ziba 3

F ig u r e  2 .7 .  S a m p led  h a b ita ts  in  Z ib a d ia n ja  L a g o o n  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2 0 1 5 . 

S o u rce ; G o o g le  ea rth  m ap s.
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S a v u t i  R iv e r  a n d  M a r s h

S av u ti m a rsh  (a llu v ia l fa n ) is  an  ova l sh ap ed  fo ssil L a k e  b e d  in  th e  M a b a b e  d e p re ss io n  (S h aw , 

1984). S av u ti R iv e r  is  an  o u tf lo w  fro m  Z ib a d ia n ja  L a g o o n  (D e lo itte  &  T o u ch e , 1992). 

T o p o g ra p h ic a lly  th e  a re a  is  f la t b u t th e re  are  d o lo m itic  ro c k s  o f  G u b a tsa  h ills  fo rm e d  m illio n s  o f  

y e a rs  ag o  as a  re su lt o f  v o lc a n ic  m o v e m e n ts . S av u ti m a rsh  is  s itu a ted  o n  th e  e a s te rn  s id e  o f  th e  

K w a n d o -L in y a n ti R iv e r  an d  m a rk s  th e  en d  o f  6 0 -7 0  k m  o f  th e  S av u ti ch an n e l, w h ic h  c o n v ey s  

w a te r  to  M a b a b e  d e p re ss io n  fro m  th e  L in y an ti sw am p s (S h aw , 1984).

H y d r o lo g y

S av u ti is  c h a rac te rised  b y  sm all s tream s w ith  m a rg in a l v e g e ta tio n  an d  d eep  h ip p o  p o o ls  in  th e  m a in  

ch an n e l. T h e  w a te r  g ra d ie n t is  lo w  an d  th e  sy stem  is n o t h ig h ly  e ro s iv e  (D e lo itte  &  T o u ch e , 1992). 

T h e  su b stra tu m  is  san d y  an d  m u d d y . F ro m  O c to b e r  to  M arch  h ig h  w a te r  in  th e  L in y an ti sw am p s 

flo w s  th ro u g h  th e  S av u ti ch an n e l th a t b re a c h e s  th e  san d  rid g e . S av u ti is  c h a ra c te rise d  b y  e p iso d ic  

flo w s  w h ic h  m ay  b e  a ttr ib u te d  to  c lim a tic  ch an g e s  su ch  as p o o r  ra in fa ll an d  te c to n ic  m o v e m e n ts  

a lo n g  th e  L in y an ti C h o b e  fa u lt  lin e s , as w e ll as se d im e n ta tio n  an d  o r  v e g e ta tio n  d y n a m ic s  a t i ts  

so u rce  (D e lo itte  &  T o u ch e , 1992). F o r  ex am p le , i t  d ried  u p  in  th e  1900s. A fte r  a  lo n g  p e rio d  (50  

y e a rs )  th e  f lo w  b e g a n  in  1957 (D e lo itte  &  T o u ch e , 1992). In  th e  1980s it  d rie d  u p  a g a in  u n til f lo w  

re su rg e n c e  in  2 0 0 8  a fte r  28  y ears . B y  2 0 1 0 , th e  w a te r  h a d  re a c h e d  th e  S av u ti m arsh . D u rin g  

e x tre m e  h ig h  f lo o d s  in  th e  O k a v a n g o  D e lta , w a te r  e scap es  v ia  M a g w e g q a n a  (S e lin d a  sp illw ay ) 

in to  th e  L in y an ti sw a m p s  to  re a c h  th e  S av u ti m arsh . W a te r  fro m  th e  O k a v a n g o  a lso  re a ch e s  

M a b a b e  th ro u g h  K h w a i R iv e r  to  M a b a b e  R iv e r  u ltim a te ly  re a c h in g  th e  M a b a b e  d ep ress io n .
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F is h  f a u n a  o f  S a v u t i

T h ere  h as  n e v e r  b e e n  an y  re se a rc h  c o n d u c te d  o n  S av u ti Ich th y o fa u n a . H o w ev e r, th e  F ish e rie s  

D iv is io n  in  K a sa n e  p io n e e re d  a  m o n ito r in g  p ro g ra m m e  in  2 0 1 0  w h e n  f lo w  re su rg e n c e  re su m ed . 

T h e se  d a ta  (D W N P  su rv ey s, 2 0 1 0 -2 0 1 2 )  re v e a le d  2 9  fish  sp ec ie s  w h ic h  a re  c lo se ly  lin k e d  to  th e  

K w a n d o -L in y a n ti sp ec ie s  fro m  w h ic h  th e  S av u ti o rig in a ted . A s  th e  S avu ti m a rsh  an d  r iv e r  d ried  

u p , re c o lo n isa tio n  co m es  fro m  fish  su rv iv in g  in  th e  K w a n d o -L in y a n ti  R iv e rs  w h e n  th e  S avu ti 

R iv e r  c o m m e n ce s  flo w in g .

L a n d  U s e

T h e  S av u ti m a rsh  c o v e rs  5 0 0 0  k m 2 so u th  o f  th e  C h o b e  N a tio n a l P a rk , w h ic h  w a s  e s ta b lish e d  in  

1967. I t is  a  to u r is t  d e stin a tio n . T h e  m a rsh  is  o p e n  g ra ss la n d  c o v e red  b y  n u tr itio u s  C o u ch  g ra ss  

Cynodon dactylon (D e lo itte  &  T o u ch e , 1992), an d  a ttra c ts  la rg e  h e rd s  o f  h e rb iv o re s  and  

su b se q u e n tly  p re d a to rs  su ch  as lio n s , h y e n as  an d  leo p a rd s . L arg e  h e rd s  o f  z eb ra s , e lep h a n ts  and  

b u ffa lo e s  a re  re s id e n t b u t m ig ra te  seaso n a lly . T h e  S av u ti m a rsh  re se m b le s  a  f lo o d p la in /d e lta  

e n v iro n m en t.

T h e  m a rsh y  v e g e ta tio n , w h ic h  ac ts  as a  f lo o d p la in  is  im p o r ta n t fo r  f ish  as sp aw n in g  g ro u n d , 

n u rse ry  g ro u n d s ; an d  re fu g e  a g a in s t p re d a to rs  (W e lco m m e, 1979, 1985). T h e  d e tritu s  an d  la rg e  

b io m a ss  o f  in v e rte b ra te s  in  th e  flo o d p la in s  e n h an c e s  th e  ra p id  g ro w th  ra te  o f  ju v e n ile  fish , w h ic h  

can  th e n  av o id  p re d a tio n  p re s su re  o n ce  th e y  le a v e  th e  f lo o d p la in s  to  re tu rn  to  th e  m a in  ch an n e l 

(R ib e iro  e t a l., 2 0 0 4 ; C ra in  e t a l., 2 0 0 4 ). T h e  m a in  ch an n e l h a s  s tu m p s  o f  d ead  tre e s  in  th e  m a in  

ch an n e l w h ic h  p ro v id in g  m a c ro in v e r te b ra te s  an d  h ab ita t. T h e  S av u ti m a rsh  h as  re p u te d  an n u al 

m ig ra tio n  o f  z e b ra s  an d  p re d a to rs  (U N E S C O , 2 0 1 0 ). F ig u re  2 .8  su m m a rie s  th e  S av u ti r iv e r  and  

m a rsh  h a b ita ts  a n d  F ig u re  2 .9  sh o w s th e  sam p led  h ab ita ts .
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F ig u r e  2 .8 .  (a ) S av u ti R iv e r  m a in  c h an n e l (d eep  h ip p o  p o o l) , th e  s tu m p s o f  d ead  tre e s  a lo n g  th e  

m a in  ch an n e l a re  a  te s ta m e n t to  b e in g  d ry  fo r  28  y ears , (b ) p a rk  s ig n ag e  p ro h ib its  f ish in g  in  th e  

p a rk  a t S av u ti, f ish in g  is  n o t c o m p a tib le  w ith  n a tio n a l p a rk  a c tiv itie s , (c ) sav u ti m a rsh  w ith  sm all 

s id e  c h an n e ls , (d ) so m e c h an n e ls  a re  w id e  in  S av u ti b u t still m a rsh y -th e  m a rsh y  a re a  an d  v e g e ta te d  

a re a  h as  s lo w  w a te r  v e lo c ity  an d  c ich lid s  n e s t in  th is  a rea  (B a k a n e  pers . o bs.). P h o to s  b y  B a k a n e  

M.

S a m p l in g  s t a t io n

T h e  S avu ti R iv e r  an d  M a rsh  w a s  sam p led  a t R h in o  V le i: S 180 3 8 .3 0 2 , E 0 2 4 0 0 5 .0 2 1 , S av u ti 2: S 

180 3 5 .0 4 1 , E 0 2 4 0 0 5 .0 2 1 , M o tse b i Is la n d  S 1 8 0 3 7 .3 9 1 , E 0 2 4 0 0 4 .3 2 0  an d  P re s id e n t's  C am p  S 1 8 0 

3 6 .5 2 2 , E 0 2 4 0 0 4 .724 .
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S a v u t i  R i v e r

President Camp

Savuti 2
Motsebi Island

Rhino Vlei

F ig u r e  2 .9 .  S a m p led  h a b ita t in  S av u ti R iv e r  an d  m a rsh  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2 015 . 

M a p  b y  S im m o n , (2 012).

M a t e r ia l s  a n d  m e t h o d s

B io d iv e rs ity  su rv ey s  w e re  c o n d u c te d  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2 0 1 5 . S a m p lin g  g e a r

in c lu d e d  e x p e r im en ta l g illn e ts  o f  s tre tch  m e sh  s izes  (1 2 , 16, 22 , 28 , 35 , 4 5 , 57, 73 , 93 , 118 150

m m ), an d  a  lo n g -h a n d le d  D -n e t. C o n v e n tio n a l a n g lin g  an d  an  e le c tro - f ish e r  w e re  e m p lo y e d

d e p e n d in g  o n  th e  a re a  an d  h a b ita t (T ab le  2 .1 ). In  ad d itio n , so m e sp ec im e n s  w e re  p u rc h a se d  fro m

fish e rm e n , b u t th e se  w e re  p r im a rily  in te n d e d  to  su p p le m e n t b io lo g ic a l sam p les  (C h a p te r  4). U p o n

cap tu re , f ish  w e re  id e n tif ie d  to  sp ec ie s  le v e l an d  m e a su re d  to  th e  n e a re s t m m  (LT).

T A B L E  2 .1 .  G ears  u se d  an d  h a b ita t sam p led  in  C h o b e  d is tr ic t b e tw e e n  S e p te m b e r 2 0 1 4  and  

A p ril 2015

M e th o d S e b o b a  R a p id s C h o b e  R iv e r  

f lo o d p la in s

S av u ti R iv e r  

M arsh

Z ib a d ia n ja

L a g o o n

E x p e rim e n ta l g illn e ts x ✓ ✓ ✓

C o m m e rc ia l n e ts x ✓ ✓ ✓

E le c tro fish in g ✓ x x x

D -N e ttin g x x x ✓

L in e  &  H o o k x x ✓ ✓
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E x p e r im e n t a l  g i l ln e t s

M u ltif ila m e n t m a ro o n  re sea rc h  g illn e ts , c o m p ris in g  11 p a n e ls  (12 , 16, 22 , 28 , 35 , 45 , 57, 73, 93, 

118 an d  150 m m ) w e re  u sed . T h e  n e ts  w e re  se t o v e rn ig h t, g e n e ra lly  b e tw e e n  1700 h r s -1 9 0 0  hrs. 

in  th e  e v en in g s  (n ig h t se ttin g ) an d  re tr ie v e d  b e tw e e n  0 6 0 0  h r s -0 8 0 0  hrs . in  th e  m o rn in g s . T h e  n e ts  

w e re  se t p a ra lle l to  th e  sh o re  in  d iv e rse  h a b ita ts  in c lu d in g  m arsh , lag o o n , b a c k w a te rs , m a in  ch an n e l 

an d  flo o d p la in s . O n  re trie v a l f ish  w e re  rem o v ed , id e n tif ie d  u s in g  S k e lto n  (2 0 0 1 ), m e a su re d  u s in g  

a  ru le r  to  th e  n e a re s t m m  to ta l le n g th  (Lt ) an d  w e ig h e d  c o lle c tiv e ly  to  th e  n e a re s t (g).

E le c t r o  f i s h i n g

E le c tro f ish in g  w a s  c o n d u c te d  a t S e b o b a  ra p id s  in  K asan e . A  S A M U S  7 2 5 g  b a c k  p a c k  e lec tro  fish e r  

a tta ch e d  to  a  12v b a tte ry  w ith  se ttin g s  fo r  e le c tro f ish in g  s tan d a rd ise d  a t th re e  m illl ise c o n d s  and  

fre q u e n c y  80 H z. F ish  w e re  a c tiv e ly  c o lle c te d  w h ile  e le c tro f ish in g  v a rio u s  h a b ita ts , an d  all fish  

sam p les  w e re  p la c e d  in  a  b u c k e t fo r  la te r  id e n tif ic a tio n  an d  m e asu re m e n t.

S c o o p  n e t  a n d  D - n e t

A  S co o p  n e t an d  a  D -n e t w e re  m a in ly  u se d  in  sh a llo w  v e g e ta te d  w a te r  a t th e  Z ib a d ia n ja  L a g o o n , 

d u rin g  th e  b io d iv e rs ity  su rv ey  in  S e p te m b e r 2 0 1 4 , in  th e  litto ra l z o n es  o f  Z ib a d ia n ja  L a g o o n  w h e re  

a q u a tic  m a c ro p h y te s  a n d  h ip p o p o ta m i m a d e  g illn e t s am p lin g  im p rac tica l.

A n g l i n g

A n g lin g  w a s  u se d  to  su p p le m e n t sam p les  c o lle c te d  w ith  o th e r  g e a rs  in  th e  Z ib a d ia n ja  L ag o o n , and  

S av u ti R iv e r. B a it  w a s  m a in ly  ea rth  w o rm s  o r a  p ie ce  o f  ch ick en .

2 .3 R e s u l t s

A  to ta l o f  8 8 3 6  fish  re p re se n tin g  54 sp ec ie s  an d  12 fa m ilie s  w e re  id e n tif ie d  fro m  th e  sam p led  

h a b ita t (T ab le  2 .2 ). T h e  in v e s tig a te d  h a b ita t y ie ld e d  v a r ia b le  sp ec ie s  r ic h n e ss  an d  a b u n d an c e  (see  

C h a p te r  3 ) b e tw e e n  s ta tio n s  an d  b e tw e e n  th e  h a b ita ts  o f  lag o o n , m a in  ch an n e l, f lo o d  p la in , 

b a c k w a te rs  an d  rap id s . In  th e  c u rre n t ch ap te r, th e  in c re a se  o f  sp ec ie s  as c o m p a re d  to  sam p led  

sp ec im e n  in  c h a p te r  3, re f le c te d  th e  d iv e rs ity  o f  h a b ita ts  sam p led  an d  th e  c o m b in e d  u til is a tio n  o f  

v a r io u s  sam p lin g  g e a r  ra th e r  th a n  ju s t  e x p e r im e n ta l g illn e ts . T h e  C y p rin id a e  fa m ily  w a s  th e  m o s t
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sp ec io se  w ith  18 sp ec ie s  (T ab le  2 .2 ), an d  th e  se c o n d  m o s t sp ec io se  fa m ily  w a s  C ic h lid a e  w ith  13 

sp ec ies. T w o  fa m ilie s , A n a b a n tid a e  an d  M a s ta c e m b e lid a e , w e re  n o t re c o rd e d  in  th is  s tudy. A  

c o m m o n  h a p lo c h ro m in e  c ich lid , Serranochromis robustus jallae, w a s  a lso  n o t reco rd ed . T h e  m o s t 

w id e ly  sp read  sp ec ie s  w e re  Brycinus lateralis, Pharyngochromis acuticeps, Pseudocrenilabrus 

philander, Schilbe intermedius, Tilapia sparrmanii an d  Marcusenius altisambesi b u t  th e y  v a rie d  

in  a b u n d a n c e  in  d iffe re n t areas. T h e se  re su lts  w e re  n o t in  a g re e m e n t w ith  th e  d is tr ib u tio n  o f  th e se  

sp ec ie s  as re c o rd e d  b y  M e rro n  (1 9 8 9 a ) w h o  d id  n o t re c o rd  B. lateralis, as u b iq u ito u s  in  a  c h e c k lis t 

o f  K w a n d o  R iv e r, S e lin d a  M a g w e g q a n a  sp illw ay , L a k e  L ia m b e z i an d  th e  C h o b e  riv e rs . T a b le  2.3 

sh o w s th e  u p d a te d  c h e c k lis t  o f  th e  fish  fa u n a  in  th e  C h o b e  D is tr ic t  u s in g  th e  c u rre n t su rv ey  an d  

h is to ric a l da ta .
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T A B L E  2 .2 .  A  C h e c k lis t o f  f ish  fa u n a  in  th e  C h o b e  d is tr ic t sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  and  

A p ril 2 0 1 5 . T ic k  (✓ ) re p re se n ts  th e  h a b ita t th e  sp ec ie s  w a s  re c o rd e d  in  an d  (x ) sh o w s an  ab se n c e  

o f  th e  sp ec ie s  fro m  th e  c u rre n t su rv ey .

S p ec ies S eb o b a

R ap id s

Z ib a d ia n ja

L a g o o n

Savu ti

R iv e r/m a rsh

C h o b e  R iv e r

F a m i ly  M o r m y r i d a e  ( M o r m y r id s )

Hippotamyrus szaboi ✓ x ✓ ✓

Cyphomyrus cubangoensis ✓ x ✓ ✓

Mormyrus lacerda x ✓ ✓ ✓

Petrocephalus longicapitis x ✓ x ✓

Marcusenius altisambesi ✓ ✓ ✓ ✓

Pollimyrus marianne ✓ x x x

Pollimyrus castelnaui ✓ x x x

Pollimyrus cuandoensis x ✓ x x

F a m i ly  C y p r i n i d a e  ( C y p r in id s )

Enteromius spp x x x ✓

Enteromius poechii ✓ x ✓ ✓

Enteromius radiatus x x x ✓

Enteromius thamalakanensis ✓ x x x

Enteromius unitaeniatus ✓ ✓ x x

Labeo cylindricus ✓ x x ✓

Labeo lunatus x x x ✓

Opsaridium zambenzense ✓ x x x

Enteromius afrovernayi ✓ x x x

Enteromius barnardi x ✓ x x

Enteromius bifrenatus ✓ x x ✓

Enteromius eutaenia ✓ x x x

Enteromius fasciolatus ✓ x x x

Enteromius haasianus x ✓ x x

Enteromius multilineatus ✓ x x x

Enteromius kerstenii ✓ x x x

Enteromius paludinosus x ✓ ✓ ✓

Coptostomabarbus wittei x ✓ x x

F a m i ly  D i s t i c h o d o n t i d a e  ( C i t h a r in e )

Nannocharax multifaciatus ✓ x x x

F a m i ly  C h a r a c id a e  ( c h a r a c id s )

Brycinus lateralis x ✓ ✓ ✓

Hydrocynus vittatus x ✓ ✓ ✓

Micralestes acutidens ✓ x x ✓
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T A B L E  2 .2  c o n t in u e d  

H e p s e t id a e

Hepsetus cuvieri x ✓ ✓ ✓

C la r o t e id a e

Parauchenoglanis ngamensis ✓ x x ✓

F a m i ly  A m p h i l l i d a e  ( M o u n t a in  

c a t f i s h e s )

Amphilius uranoscopus ✓ x x x

F a m i ly  S c h i l b e i d a e  ( B u t t e r  

c a t f i s h e s )

Schilbe intermedius ✓ ✓ ✓ ✓

C la r i id a e

Clarias gariepinus x ✓ ✓ ✓

Clarias ngamensis x ✓ ✓ x

F a m i ly  M o c h o k i d a e

S y n o d o n tis  spp ✓ x x ✓

Synodontis nigromaculatus x x x ✓

F a m i ly  P o e c i l i id a e

Micropanchax johnstonii ✓ x x x

Micropanchax katengae ✓ x x X

Micropanchax hutereaui x ✓ x x

F a m i ly  C ic h l id a e

Oreochromis andersonii x ✓ ✓ ✓

Oreochromis macrochir x ✓ ✓ ✓

Pseudocrenilabrus philander ✓ ✓ ✓ ✓

Sargochromis carlottae x ✓ x ✓

Sargochromis giardi x ✓ ✓ ✓

Serranochromis angusticeps x ✓ ✓ x

Serranochromis altus x ✓ ✓ x

Serranochromis macrocephalus x ✓ ✓ ✓

Serranochromis thumbergi x ✓ ✓ x

Pharyngochromis acuticeps ✓ ✓ ✓ ✓

Sargochromis condringtonii x ✓ ✓ ✓

Coptodon rendalli x ✓ ✓ ✓

Tilapia sparrmanii ✓ ✓ ✓ ✓

T o t a l  s p e c ie s 2 8 2 9 2 4 3 1
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T A B L E  2 .3 . U p d a te d  C h e c k lis t o f  f ish  fa u n a  in  th e  C h o b e  d is tr ic t u s in g  c u rre n t su rv ey s  S e p te m b e r 

2 0 1 4  an d  A p ril 2 0 1 5 , h is to ric a l d a ta  fro m  T w e d d le  e t al. (2 0 0 4 ) an d  D e p a r tm e n t o f  W ild life  and  

N a tio n a l P a rk s  su rv ey s  (2 0 0 6 -2 0 1 2 ) ,_______________________________________________

F a m i l y  M o r m y r i d a e

H ip p o ta m y r u s  s z a b o i

C y p h o m y ru s  c u b a n g o e n s is

M o rm y r u s  la c e r d a

P e t r o c e p h a lu s  lo n g ic a p i t i s

M a r c u s e n iu s  a l t i s a m b e s i

P o l l im y r u s  m a r ia n n e

P o l l im y r u s  c a s te ln a u

P o l l im y r u s  c u a n d o e n s is

F a m i l y  C y p r i n i d a e  ( C y p r i n i d s )

E n te r o m iu s  s p p

E n te r o m iu s  p o e c h i i

E n te r o m iu s  r a d ia tu s

E n te r o m iu s  th a m a la k a n e n s is

E n te r o m iu s  u n i ta e n ia tu s

L a b e o  c y l in d r ic u s

L a b e o  lu n a tu s

O p sa r id iu m  z a m b e n z e n s e

E n te r o m iu s  a fr o v e r n a y i

E n te r o m iu s  b a rn a r d i

E n te r o m iu s  b i fr e n a tu s

E n te r o m iu s  b a r o ts e e n s is

E n te r o m iu s  e u ta e n ia

E n te r o m iu s  fa s c io la tu s

E n te r o m iu s  h a a s ia n u s

E n te r o m iu s  m u l t i l in e a tu s

E n te r o m iu s  k e r s te n ii

E n te r o m iu s  p a lu d in o s u s

C o p to s to m a b a r b u s  w i t te i

F a m i l y  D i s t i c h o d o n t i d a e  ( C i t h a r i n e )

N a n n o c h a r a x  m u l t i fa c ia tu s  

N a n n o c h a r a x  m a c h o d o i  

N a n n o c h a r a x  m a c r o p te r u s

F a m i l y  C h a r a c i d a e  ( C h a r a c i d s )

B r y c in u s  la te r a li s  

H y d r o c y n u s  v i t ta tu s  

M ic r a l e s t e s  a c u t id e n s  

R h a b d a le s te s  m a u n e n s is

H e p s e t i d a e

H e p s e tu s  c u v ie r i

C l a r o t e i d a e

P a r a u c h e n o g la n is  n g a m e n s is

F a m i l y  A m p h i l l i d a e  ( M o u n t a i n  c a t f i s h e s )

A m p h i l iu s  u r a n o s c o p u s  

Z a ir e ic h th y s  s p  ‘ ’p a l l i d ’ ’

Z a ir e ic h th y s  s p  ‘ ’d o r a e ’ ’

F a m i l y  S c h i l b e i d a e  ( B u t t e r  c a t f i s h e s )

S c h i lb e  in te rm e d in s

C l a r i i d a e

C la r ia s  g a r ie p in u s  

C la r ia s  n g a m e n s is  

C la r ia s  s ta p p e r s i i  

C la r ia s  l io c e p h a lu s  

C la r ia s  th e o d o r a e  

C la r ia l la b e s  p la ty p r o s o p s

F a m i l y  M o c h o k i d a e  

S y n o d o n t i s  s p p  x 6  

S y n o d o n t i s  n ig r o m a c u la tu s  

F a m i l y  P o e c i l i i d a e  

M ic r o p a n c h a x  j o h n s to n i i  

M ic r o p a n c h a x  k a te n g a e  

M ic r o p a n c h a x  h u te r e a u i

F a m i l y  C i c h l i d a e

H em ic h r o m is  e lo n g a tu s  

O re o c h r o m is  a n d e r s o n i i  

O re o c h r o m is  m a c r o c h ir  

P s e u d o c r e n i la b r u s  p h i la n d e r  

S a r g o c h r o m is  c a r lo t ta e  

S a r g o c h r o m is  g ia r d i  

S e r r a n o c h r o m is  a n g u s t ic e p s  

S e r r a n o c h r o m is  a l tu s  

S e r r a n o c h r o m is  m a c r o c e p h a lu s  

S e r r a n o c h r o m is  r o b u s tu s  j a l l a e  

S e r r a n o c h r o m is  th u m b e r g i  

P h a r y n g o c h r o m is  a c u t ic e p s  

S a r g o c h r o m is  c o n d r in g to n i i  

C o p to d o n  r e n d a l l i  

T ila p ia  s p a r rm a n i i  

T ila p ia  r u w e t i  

M a s t a c e m b e l i d a e

M a s ta c e m b e lu s  v a n d e rw a a l i  

M a s ta c e m b e lu s  f r e n a tu s
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S e b o b a  r a p id s

A  to ta l o f  3 3 6  fish , re p re se n tin g  n in e  fa m ilie s  an d  28  sp ec ies, w e re  sam p led  a t S e b o b a  ra p id s  in  

K a sa n e  d u rin g  lo w  w a te r  le v e ls  in  S e p te m b e r 2 0 1 4 . T h e  re su lts  a re  su m m a rise d  in  T a b le  2 .4 . A s 

th e  ra p id s  w e re  sam p led  b y  e le c tro fish in g , w h ic h  is  m o re  se le c tiv e  fo r  sm a lle r  sp ec ie s  th a n  th e  g ill 

n e ts  u se d  in  th e  o th e r  h a b ita ts , th e  re su lts  fro m  th is  lo c a lity  a re  n o t d irec tly  c o m p a ra b le  to  th o se  

fro m  th e  o th e r  s ites. T h ey  are , h o w e v e r, in c lu d e d  as th e y  a re  illu s tra tiv e  o f  th e  d iv e rs ity  o f  fish es  

in  th e  C h o b e  d is tric t.

T a b le  2 .4 .  A  c h e c k lis t o f  S eb o b a  R a p id s  ic h th y o fa u n a  in  K a sa n e  sam p led  w ith  an  e le c tro f ish e r  in  

S e p te m b e r 2014 .

S p ec ies  (th is  s tu d y ) (% N ; N = 3 3 6 )

Pollimyrus marianne 14

Hippopotamyrus szaboi 4 .2

Cyphomyrus cubangoensis 0.3

Marcusenius altisambesi 0.3

Pollimyrus castelnaui 0.6

Enteromius eutaenia 3.3

Enteromius poechii 1.8

Enteromius thamalakanensis 0.9

Enteromius afrovernayi 0.3

Enteromius kerstenii 0.3

Enteromius multilineatus 0.3

Enteromius bifrenatus 2 .7

Labeo cylindricus 9.8

Opsaridium zambenzense 5.3

Enteromius bifrenatus 2 .7

Enteromius fasciolatus 5.1

Nannocharax multifaciatus 6.8

Micralestes acutidens 13

Parauchenoglanis ngamensis 0.3

Synodontis spp 3.6

Amphilius uranoscopus 0.3

Schilbe intermedius 5.9

Chiloglanis spp 3.0

Micropanchax johnstonii 3.9

Micropanchax katengae 3.0

Pharyngochromis acuticeps 6.3

Pseudocrenilabrus philander 2 .7

Tilapia sparrmanii 2.1
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C h o b e  R iv e r  a n d  K a v im b a  f lo o d p la in s

T h e  to ta l su rv ey s  in  C h o b e  R iv e r  an d  K a v im b a  flo o d p la in s  y ie ld e d  2 3 3 7  fish , w e ig h in g  134 kg , o f  

w h ic h  (9 4 % ) w e re  sam p led  u s in g  an  e x p e r im en ta l m u ltif i la m e n t re sea rc h  ne t, w h ile  (5 % ) w e re  

fro m  f ish e rm e n 's  c o m m e rc ia l nets . T h ey  re p re se n te d  n in e  fa m ilie s  an d  31 sp ec ie s  (se e  C h a p te r  3). 

T ab le  2 .5  su m m a rie s  th e  fish  fa u n a  an d  c o u n ts  in  e x p e rim en ta l n e ts  (th is  s tudy).

K a v im b a  f lo o d p la in s  y ie ld e d  117 fish  o f  w h ic h  Oreochromis andersonii c o m p rise d  6 8% , 

Oreochromis macrochir 2 6 % , an d  Coptodon rendalli 6% . Oreochromis andersonii w a s  a b u n d a n t 

in  th e  K a v im b a  flo o d p la in s . S p ec ies  th a t w e re  n o t re c o rd e d  in  th is  s tu d y  b u t re c o rd e d  in  

D e p a r tm e n t o f  W ild life  an d  N a tio n a l P a rk s  (D W N P ) su rv ey s  (2 0 0 6 -2 0 1 2 )  w e re  Enteromius 

fasciolatus, Enteromius unitaeniatus, Clarias ngamensis, Serranochromis robustus jallae, 

Serranochromis altus, Serranochromis angusticeps, Sargochromis greenwood an d  Tilapia ruweti. 

B o th  D W N P  su rv ey s  (2 0 0 6 -2 0 1 2 ) an d  c u rre n t s tu d y  sh o w s s im ila rity  in  th e  d o m in a n c e  o f  

Hydrocynus vittatus, Clarias gariepinus, Schilbe intermedius, Synodontis an d  Synodontis 

nigromaculatus in  th e  C h o b e  r iv e r  m a in  ch an n e l.

T A B L E  2 .5 .  C h o b e  R iv e r  f ish  fa u n a  in  e x p e r im en ta l g illn e ts  an d  sam p led  h a b ita ts  b e tw e e n  

S e p te m b e r 2 0 1 4  an d  A p ril 2015

C u rre n t s tu d y M a in  ch an n e l 

(% N ; N = 5 1 3 )

S id e  ch an n e l 

(% N ; N = 5 2 9 )

B a c k  w a te rs  

(% N ; N = 1 1 7 8 )

Hippopotamyrus szaboi 0 .2 0 .2 0.1

Cyphomyrus cubangoensis 1.2 0 .4 1.0

Mormyrus lacerda - - 0.3

Marcusenius altisambesi 9 .7 7 .0 9 .0

Petrocephalus longicapitis 13 10 -

Enteromius species - 0 .2 -

Enteromius paludinosus 4.1 16 4 .2

Enteromius bifrenatus - - 0.8

Enteromius radiatus 20 4 .0 12

Enteromius poechii 1.2 2 .0 0.9
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T a b le  2 .5  c o n t in u e d

Labeo  luna tus 0 .6 0 .9 0.6

Labeo  cy lindricus - - 0.9

H ydrocynus vitta tus 15 7 .0 11

M icra les te s  acu tidens 0.1 13 3.0

B ryc inu s  la tera lis 5.5 7 .0 35

H epse tu s  cuvieri - - 0 .08

C larias ga riep inus 0 .6 0 0.4

Parauchenog lan is - 0 .9 0.3

ngam ensis  

Sch ilbe  in term ed ius 8.8 19 6.0

Synodon tis  n ig rom acu la tas 2 .0 2.3 1.0

Synodon tis  spp 8.0 9 .0 6.5

O reochrom is anderson ii - 0.1 0.2

O reochrom is m acroch ir 0 .2 - 0.2

Pharyngogrom is acu ticeps 6 .0 1.3 2 .4

P sedocren ilabrus - 0 .4 0.9

ph ila nder

Sargochrom is carlo ttae 0 .2 0.3

Sargochrom is 0 .4 0 .9 0.2

con tring ton ii 

Sargochrom is g ia rd i 0 .2 - -

Serranochrom is 1.0 0.8 0.7

macrocepha lus  

Coptodon  renda lli 0 .2

T ilap ia  sparrm anii 0 .6 - 0.5
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Z i b a d ia n j a  L a g o o n

In  th e  K w a n d o -L in y a n ti sy stem  a t Z ib a d ia n ja  L a g o o n  a  to ta l o f  3 2 3 0  fish  re p re se n tin g  sev en  

fa m ilie s  an d  2 9  sp ec ie s  w e re  sam p led , o f  w h ic h  9 1 .6 %  w e re  sam p led  u s in g  a  m u ltif ila m e n t 

e x p e rim en ta l re se a rc h  n e t, 5 .1 %  u s in g  a  f ish e rm a n 's  c o m m e rc ia l ne t, 1 .8%  fro m  h o o k  an d  lin e  and  

1 .4%  fro m  a  D -n e t.

E x p e rim e n ta l g illn e ts  y ie ld e d  2 9 6 0  fish . M o s t f ish  (7 2 % ) in h a b ite d  d e e p e r  z o n es  o f  th e  Z ib a d ia n ja  

L a g o o n , w h ile  2 8 %  in h a b ite d  a  sh a llo w e r h a b ita t o f  th e  la g o o n  w h ic h  a re  th e  p e rip h e rie s  o f  th e  

la g o o n  w ith  a q u a tic  m a c ro p h y te  b ed s. Schilbe intermedius (4 2 % ), Marcusenius altisambesi (1 8 % ) 

an d  Brycinus lateralis (2 5 % ) w e re  d o m in a n t in  th e  d e e p e r h a b ita t o f  Z ib ad ian ja . O th e r  sp ec ie s  th a t 

in h a b ite d  th e  d eep  h a b ita t o f  Z ib a d ia n ja  la g o o n  w e re  Sargochromis giardi (0 .4 % ), and  

Pharyngochromis acuticeps (2% ), w h e rea s , th e  sh a llo w e r h a b ita ts  o f  th e  la g o o n  w e re  in h a b ite d  b y

B. lateralis (2 5 % ), M. altisambesi (2 0 % ) an d  S. intermedius (30% ). C ic h lid a e  sp ec ie s  w e re  a lso  

n o ta b le  in  th e  sh a llo w e r la g o o n  e .g ., Pharyngochromis acuticeps (6 % ), Serranochromis 

angusticeps (1 .9 % ), O. andersonii (1 .4 % ) an d  Sargochromis contringtonii (1 .4 % ). O th e r  sp ec ie s  

w e re  C. gariepinus (2 .6 % ), Enteromius barnardi (2 .4 % ), Petrocephalus longicapitis (1 .9 % ) and  

Hepsetus cuvieri (3% ).

In  th e  co m m e rc ia l n e ts , 165 fish  w e re  c ap tu re d  o f  w h ic h  3 9 %  in h a b ite d  d eep  z o n es  o f  Z ib a d ia n ja  

la g o o n  w h ile  6 1 %  c am e  fro m  m o re  sh a llo w e r w a te r  h a b ita ts  o f  th e  lag o o n . T h e  d e e p e r h a b ita ts  o f  

th e  la g o o n  w e re  in h a b ite d  b y  C. gariepinus (2 2 % ), S. giardi (1 3 % ), C. ngamensis (5 % ), O. 

andersonii (1 1 % ), O. macrochir (1 1 % ), M. lacerda (9 .3 % ), C. rendalli (6 .3 % ), S. angusticeps 

(7 .8 % ), H. vittatus (1 .6 % ), H. cuvieri (1 .6 % ) an d  S. intermedius (1 .6 % ). S h a llo w e r w a te r  h a b ita ts  

w e re  th e  p e rip h e rie s  o f  th e  la g o o n  an d  m o re  lik e  th e  f lo o d p la in s . O f  th e  sh a llo w e r w a te r  h ab ita ts ,

C. gariepinus (4 3 % ) d o m in a ted , fo llo w e d  b y  O. andersonii (1 5 % ), O. macrochir (8 .9 % ), C. 

rendalli (8 .9 % ), C. ngamensis (8 .9 % ) S. intermedius (6 .9 % ), S. angusticeps (5 .9 % ), S. 

macrocephalus (3 % ), S. giardi (0 .9 % ), S. condringtonii (0 .9 % ) an d  S. thumbergi (0 .9 % ). S p ec ies  

th a t w e re  n o t re c o rd e d  in  th e  sh a llo w  z o n e s  o f  th e  la g o o n  b u t w e re  re c o rd e d  in  th e  d eep  z o n e s  o f  

th e  la g o o n  w e re  M. lacerda an d  H. vittatus.
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A  D -n e t, th a t w a s  u se d  in  th e  litto ra l v e g e ta te d  z o n e  a t Z ib a d ia n ja  L a g o o n , y ie ld e d  4 6  fish  in  to ta l 

re p re se n tin g  fo u r  fa m ilie s  an d  n in e  sp ec ies. F o r  ex am p le , Micropanchax hutereaui w e re  

n u m e ric a lly  a b u n d a n t (3 2 .6 % ), fo llo w e d  b y  B. lateralis (1 5 % ), Pseudocrenilabrus philander 

(1 3 % ), Coptostomarbarbus wittei (1 0 .9 % ), Enteromius barnardi (8 .7 % ), Enteromius haasianus 

(8 .7 % ), Tilapia sparrmanii (2 % ) an d  C. rendalli (2% ).

A  to ta l o f  59 f ish e s  re p re se n tin g  fo u r  sp ec ie s  in  o n e  fa m ily  (C ic h lid a e ) , w e re  sam p led  u s in g  lin e  

an d  h o o k  s izes  2 .0  an d  2 .5 . L in e  an d  h o o k  d id  n o t ad d  to  th e  sp ec ie s  d iv e rs ity  as th e  sam e  sp ec ie s  

w e re  sam p led  as in  th e  e x p e r im e n ta l g illn e ts . T h e re fo re , th e  fin d in g s  in d ic a te  th a t  a n g lin g  can  b e  

v e ry  se lec tiv e . T h e  C. rendalli w a s  n u m e ric a lly  a b u n d a n t (8 8 % ) c ap tu re d  b y  th is  g ear, fo llo w e d  

b y  O. andersonii (5 .1 % ), O. macrochir an d  Sargochromis condringtonii (3 .4 % ) re sp ec tiv e ly .

A d d itio n a l d a ta  to  c o m p ile  th e  sp ec ie s  lis t w a s  fro m  D W N P  su rv ey s  (2 0 0 6 -2 0 1 2 ) , w h ic h  re c o rd e d  

th e  p re se n c e  o f  Serranochromis robustus jallae, Tilapia ruweti, Labeo lunatus, Enteromius 

bifrenatus, Enteromius fasciolatus, Clarias stappersii, Clarias theodorae an d  Synodontis spp. 

M e rro n  (1 9 8 9 a ) u se d  ro te n o n e  ic h th y o c id e  o n  th e  v e g e ta te d  p o o ls  an d  re e d  b e d s  o f  K w a n d o  and  

Z ib a d ia n ja  la g o o n  in  D e c e m b e r  1 9 8 6 .T h e  sp ec ie s  re c o rd e d  in  th a t s tu d y  th a t  w e re  n o t re c o rd e d  in  

th is  s tu d y  (2 0 1 4 -2 0 1 6 )  w e re  Micralestes acutidens an d  Opsaridium zambenzense. S p ec ies  th a t 

w e re  re c o rd e d  in  th is  s tu d y  b u t n o t re c o rd e d  in  D W N P  su rv ey s  (2 0 0 6 -2 0 1 2 )  w e re  Hydrocynus 

vittatus, Coptostomarbarbus wittei, Micropanchax hutereaui an d  Enteromius haasianus. T h e  

sp ec ie s  c h e c k lis t an d  c o u n ts  ( th is  s tu d y ) in  th e  Z ib a d ia n ja  la g o o n  c a tc h m e n t a re  su m m a rise d  in  

T ab le  2 .6
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T A B L E  2 .6 .  Species checklist for Z ibadianja Lagoon based on surveys 2014/15

C u rre n t s tu d y D e e p  la g o o n  

(% N ; N = 2 1 2 7 )

S h a llo w  la g o o n  

(% N ; N = 8 3 3 )

M arcu sen iu s  a ltisam besi 18 2 .0

M orm yru s  lacerda 0.1 -

Petrocepha lu s  long icap itis 3.0 -

En terom ius  barnard i 3.1 0.6

En terom ius  un itaen ia tus 0.7 1.0

En terom ius  pa lud ino su s 0.2 -

C larias ga riep inus 2 .4 3.0

C larias ngam ensis 1.0 1.2

B ryc inu s  la tera lis 25 25

H ydrocynus vitta tus 0.4 -

H epse tu s  cuvieri 0.9 3.0

Sch ilbe  in term ed ius 42 30

O reochrom is anderson ii 0.2 1.4

O reochrom is m acroch ir 0.2 0.5

Pharyngogrom is acu ticeps 2 .0 6.0

Psedocren ilab ru s p h ila n d er 0.1 0.6

Serranochrom is a ltu s 0.1 0.5

Serranochrom is angusticeps 0.2 1.9

Sargochrom is carlo ttae - 0.2

Sargochrom is con tring ton ii - 1.4

Sargochrom is g ia rd i 0.4 0.2

Serranochrom is thum berg i 0.05 -

Serranochrom is 0.1 0.7

macrocepha lus

Coptodon  renda lli 0.4 1.0

Tilapia  sparrm anii 0.2 2 .0
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S a v u t i  R iv e r  a n d  M a r s h

In  to ta l S av u ti R iv e r  an d  m a rsh  y ie ld e d  2933  fish , w e ig h in g  4 5 8  kg , o f  w h ic h  9 6 %  w e re  c au g h t 

u s in g  e x p e r im en ta l m u ltif i la m e n t re se a rc h  n e ts , 3 .6 %  fish e rm e n 's  c o m m e rc ia l n e ts  an d  0 .5 5 %  

w e re  h o o k  an d  lin e  cau g h t. A ll th e se  re p re se n te d  sev en  fa m ilie s  an d  2 4  sp ec ies. S p ec ies  th a t w e re  

re c o rd e d  a t Z ib a d ia n ja  la g o o n  b u t n o t re c o rd e d  a t S av u ti R iv e r  w e re  Enteromius unitaeniatus, 

Enteromius barnardi, Sargochromis carlottae, Coptostomabarbus wittei, Micropanchax hutereaui 

an d  Enteromius haasianus.

E x p e rim e n ta l su rv ey s  y ie ld e d  2 8 1 2  fish . M o s t sp ec ie s  w e re  riv e rin e  sp ec ie s  (5 7 % ) w h ile  3 1 %  

in h a b ite d  P re s id e n t C am p  (d eep  h ip p o  p o o l)  an d  o n ly  5%  w e re  c ap tu red  in  th e  m a rsh y  h ab ita t. 

Marcusenius altisambesi (5 7 % ) an d  Schilbe intermedius (2 4 % ) d o m in a te d  in  th e  d eep  h ip p o  po o l 

(P re s id e n t C am p ). Enteromius paludinosus (3 0 % ), Brycinus lateralis (3 0 % ) an d  Marcusenius 

altisambesi (2 9 % ) w e re  n u m e ric a lly  a b u n d a n t in  th e  m a in  ch an n e l. S p ec ies  th a t d o m in a te d  in  th e  

m a rsh y  a reas  w ith  m u d d y  su b stra te  w e re  Clarias gariepinus (4 3 % ) an d  Clarias ngamensis (1 3 % ), 

w h ile  san d y  su b stra te  v e g e ta te d  a reas  w e re  in h a b ite d  b y  c ich lid s  Oreochromis andersonii (4 .2 % ) 

Oreochromis macrochir (6 .2 % ), Psedocrenilabrus philander (2 .1 % ) and Tilapia sparrmanii 

(2 .1 % ).

S p ec ies  th a t w e re  re c o rd e d  b y  D W N P  su rv ey s  (2 0 1 0 -2 0 1 2 )  b u t w e re  n o t re c o rd e d  in  th e  c u rre n t 

s tu d y  in  S av u ti R iv e r /m a rsh  w e re  Serranochromis robustus jallae, E n te ro m iu s  spp., Enteromius 

barnardi, Enteromius eutaenia an d  Enteromius unitaeniatus. T a b le  2 .7  su m m a rie s  th e  fish  fa u n a  

an d  co u n ts  in  e x p e rim en ta l n e ts  ( th is  s tudy).
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T A B L E  2 .7 . S av u ti R iv e r  an d  m a rsh  fish  fa u n a  sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2015

S p ec ies P re s id e n t

C am p

(% N ; N = 8 6 1 )

M a in  ch an n e l

(% N ;

N = 1 6 0 1 )

M arsh

(% N ;

N = 1 4 2 )

Mormyrus lacerda - 0.1 -

Hippopotamyrus szaboi - 0 .06 -

Cyphomyrus cubangoensis - 0 .2 -

Marcusenius altisambesi 57 29 2.1

Enteromius paludinosus 0.6 30 18

Enteromius poechii 4 .4 2 .0 5.0

Brycinus lateralis 0.1 30 -

Hydrocynus vittatus 0.1 0 .2 -

Hepsetus cuvieri 1.2 0.1 -

Schilbe intermedius 24 4 .0 1.4

Clarias gariepinus 9.1 1.9 13

Clarias ngamensis 0.8 0 .4 4 .2

Oreochromis andersonii 0.8 1.3 6.3

Oreochromis macrochir 0.7 0 .2 0 .7

Pharyngogromis acuticeps 0.2 0.3 2.1

Psedocrenilabrus - 0.3 -

philander

Serranochromis altus 0.1

Serranochromis - 0.1 1.4

angusticeps

Serranochromis thumbergi 0.1 1.4

Serranochromis 0.6 0.5 -

macrocephalus 

Sargochromis giardi 0.1

Sargochromis - 0.1 -

contringtonii 

Coptodon rendalli - 0.3 -

Tilapia sparrmanii - 0.3 -
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2 . 4  D i s c u s s i o n

C h e c k l i s t  o f  s p e c ie s

T h e  fish  sam p led  fro m  d iffe re n t e n v iro n m e n ts  in  th is  s tu d y  re p re se n t th o se  o f  th e  C h o b e  d is tr ic t in  

g e n era l, w ith  v a r ia tio n  in  sp ec ie s  a sse m b la g e  an d  d is tr ib u tio n  b e in g  m a in ly  a ttr ib u ta b le  to  v a rie d  

sam p lin g  m e th o d s  an d  th e  a v a ila b ili ty  o f  p re fe rre d  h ab ita t. In  th e  c u rre n t s tu d y , ta x o n o m ic  

b io d iv e rs ity  w a s  re p re se n te d  b y  54 sp ec ie s  an d  12 fa m ilie s  (T ab le  2 .2 ). T h is  w a s  lo w e r  th a n  th e  

to ta l c h e c k lis t o f  th e  a d ja c e n t th e  c a tch m en t; >  80 sp ec ie s  fro m  th e  N a m ib ia n  sec tio n  o f  th e  

Z a m b e z i an d  C h o b e  R iv e rs  (T w ed d le , 2 0 0 9 ); 71 sp ec ie s  fro m  th e  O k a v a n g o  D e lta  (T w ed d le  e t al., 

2 0 0 3 ; R a m b e rg  e t al., 2 0 0 6 ), an d  a b o u t 98 sp ec ie s  fro m  th e  U p p e r  Z a m b e z i R iv e r  (T w ed d le  e t al., 

2 0 0 4 ). I t w a s , h o w e v e r, h ig h e r th a n  th a t fro m  th e  p re v io u s  D W N P  u n p u b lish e d  su rv ey s  (2 0 0 6 

2 0 1 2 ) w h ic h  h a v e  re c o rd e d  50 sp ec ie s  u s in g  e x p e r im en ta l nets . In  th is  s tu dy , th e re  w e re  n o  a lien  

sp ec ie s  re c o rd e d  d u rin g  th e  su rv ey s. T h e  su rv ey s  a llo w ed  to  p ro d u c e  an  u p d a te d  sp ec ie s  c h e c k lis t 

u s in g  c u rre n tly  c o lle c te d  an d  h is to ric a l d a ta  (T a b le  2 .3 ). T h e  to ta l sp ec ie s  lis t fo r  th e  C h o b e  d is tr ic t 

is  th e re fo re  70  sp ec ie s  an d  14 fam ilie s .

In  th e  c u rre n t s tu dy , th e re  w a s  v a ria tio n  in  sp ec ie s  rich n ess . T h e  C h o b e  R iv e r  w a s  m o s t sp ec ie s  

r ic h  (31 sp ec ie s) fo llo w e d  b y  Z ib a d ia n ja  L a g o o n  (2 9  sp ec ie s), S e b o b a  ra p id s  (2 6  sp ec ie s) and  

S av u ti R iv e r  (2 4  sp ec ie s) (T ab le  2 .2 ). In  th e  c u rre n t s tu dy , so m e  sp ec ie s  w e re  n o t re c o rd e d  in  th e ir  

p re fe rre d  h a b ita t d e sp ite  b e in g  k n o w n  to  e x is t h is to rica lly . N o ta b le  sp ec ie s  a b se n t w e re  Ctenopoma 

multispine, Microtenepoma intermedium, Serranochromis robustus jallae, Tilapia ruweti, 

Hemichromis elongatus, mastacembelus vanderwaali, mastacembelus frenatus, Rhabdalestes 

maunensis, Enteromius barotseensis, Nannocharax machodoi, Nannocharax macropterus, 

Clariallabes platyprosopos an d  Clarias liocephalus. T h is  m ay  b e  a ttr ib u ta b le  to  th e  re la tiv e ly  lo w  

sam p le  s ize  re su ltin g  fro m  th e  sh o rt d u ra tio n  o f  th is  s tu d y  as w e ll as s am p lin g  g e a r  se lec tiv ity .

S evera l fa c to rs  m a y  in flu e n c e  sp ec ie s  r ich n ess , in c lu d in g  p re d a tio n  (M o y le  & V o n d ra c ek , 1985), 

c o m p e titio n  (R o ss  e t al., 1985) w a te r  c h em is try , f lo w  re g im e  an d  te m p e ra tu re  (O b e rd o rf f  e t al., 

1995). In  th e  c u rre n t s tu d y , th e  v a ria tio n  w a s  a ttr ib u te d  to  C h o b e  R iv e r  b e in g  m o re  d iv e rse  w ith  

re g a rd  to  f lo w s, su b s tra te  an d  d ep th , th a n  Z ib a d ia n ja  L a g o o n  an d  th e  S av u ti R iv e r. In  ad d itio n , th e  

u se  o f  e le c tro f ish in g  m a d e  th e  re su lts  fro m  S e b o b a  ra p id s  in c o m p a ra b le  w ith  th o se  fro m  o th e r 

s ites. F o r  th e se  re a so n s  th e se  a re  d isc u sse d  sep ara te ly .
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S e b o b a  r a p id s

F ish  o f  ra p id s  a re  h a b ita t sp ec ia lis ts  (R o b e rts  &  S tew ard s , 1976) an d  a re  g e n e ra lly  sed e n ta ry  

sp ec ie s  (W e lc o m m e  e t a l., 2 0 0 6 ). A c co rd in g , to  H a y  e t al. (2 0 0 0 ), th e y  a re  m o re  v u ln e ra b le  to  

h a b ita t d is ru p tio n  th a n  sp ec ie s  th a t e x h ib it  h a b ita t g e n e ra lism . A lth o u g h  so m e  sp ec ie s  w e re  

u b iq u ito u s , (Brycinus lateralis, Pharyngochromis acuticeps, Psedocrenilabrusphilander, Schilbe 

intermedius, Tilapia sparrmanii an d  Marcusenius altisambesi), th e  ic h th y o fa u n a  o f  S e b o b a  rap id s  

v a r ie d  su b s ta n tia lly  fro m  th e  r iv e rin e  sp ec ie s  in  th e  C h o b e  m a in  ch an n e l, Z ib a d ia n ja  L a g o o n  and  

S av u ti m a in  ch an n e l. T h is  is  c o n s is te n t w ith  su g g es tio n s  m a d e  b y  Z a re t an d  R a n d  (1 9 7 1 ) w h o  

c o n te n d e d  th a t f ish  te n d  to  sp ec ia lise  o n  a  sp ec ific  h ab ita t. F o r  ex am p le , Nannocharax 

multifaciatus an d  Enteromius kerstenii (w ith  a  s in g le  sp ec im e n ) w e re  o n ly  fo u n d  a t th e  S eb o b a  

ra p id s  h ab ita t. T h e re fo re , a lte rin g  an d  d e s tru c tio n  o f  th e se  h a b ita ts  p o ses  a  th re a t to  fish , and  

su b se q u e n t lo ss  o f  f ish  b io d iv e rs ity  (K ah n , 1997). F o r  in s ta n ce , i t  h a s  b e e n  o b se rv ed  th a t d am m in g  

Z a m b e z i R iv e r  in to  L a k e  K a rib a  le d  to  th e  d e c lin e  in  th e  Opsaridium zambenzense p o p u la tio n  and  

a lm o s t e x tin c tio n  (K en m iu r, 1984; T im b e rla k e  &  C h ild es , 2 0 0 4 ). T h is  sh o w s h o w  a  c u rre n t liv in g  

sp ec ie s  m a y  b e  d is ru p te d  b y  la c u s tr in e  h ab ita ts .

In  th e  S e b o b a  ra p id s  in  th is  s tu d y  O. zambenzense w a s  re s tr ic te d  to  p o o ls  w ith  san d y  su b stra te  

su rro u n d in g  th e  S e b o b a  rap id s . T h is  d is tr ib u tio n  co n cu rs  w ith  B e ll-C ro ss  an d  Ju b b  (1 9 7 6 ), w h o  

re c o rd e d  th is  sp ec ie s  a ro u n d  th e  ro c k y  p o o ls  o f  w a te r. T h e  h ig h ly  a b u n d a n t sp ec ie s  a t S e b o b a  

ra p id s  w e re  Pollimyrus marianne (1 4 % ) fo llo w e d  b y  Micralestes acutidens (1 3 % ), w h ile  d o m in a n t 

fa m ilie s  w e re  C y p rin id a e  (3 1 % ) fo llo w e d  b y  M o rm y rid a e  (9 .2 % ). M o rm y rid a e  su ch  as P. 

marianne co u ld  b e  su sc e p tib le  to  e le c tro f ish in g  b e c a u se  o f  its  e m iss io n  o f  e lec tro n ic  p u lse s  

(K ra m e r e t al., 2 0 0 3 ). M o rm y rid a e  m a y  n o t o n ly  b e  a b u n d a n t b u t a lso  th e  m o s t sp ec io se  fa m ily  o f  

th e  ra p id  h ab ita t. In  th e  S e b o b a  rap id s , in  th e  C h o b e , 11 C y p rin id a e  sp ec ie s  an d  f iv e  M o m y rid a e  

sp ec ie s  w e re  reco rd ed . T h is  is  s im ila r  to  f in d in g s  e lsew h ere . F o r  ex am p le , in  Z a ire  R iv e r, 

M o m y rid a e  (1 9  sp ec ie s) an d  C y p rin id a e  (1 9  sp ec ie s) w e re  th e  m o s t sp ec io se  fa m ilie s  in  ra p id  

h a b ita ts  (R o b e rts  &  S tew art, 1976). Micralestes acutidens a lso  p re fe rs  fa s t f lo w in g  w a te r , as w as  

e v id e n t in  th is  study , an d  fro m  U p p e r  L u k u lu  R iv e r  b e lo w  th e  K u p a n d a lu p ili fa lls  (H u c h ze rm e y e r, 

2 0 1 3 ). H o w ev e r, in  d ry  seaso n s, M. acutidens m a y  b e  fo u n d  d o w n stre am  o f  th e  san d  b a n k s , w h e re  

th e  c u rre n t s tirs  u p  sed im en ts , lib e ra tin g  fo o d  p a rtic le s  (B e ll-C ro ss  &  Ju b b , 1976). T h is  is  w h e re  

th e y  m a y  b e  p re y e d  o n  b y  sm a lle r  t ig e rf ish  (B e ll-C ro ss  &  Ju b b , 1976). S p ec ies  p e c u lia r  to  th e
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S e b o b a  ra p id s  w e re  M. katengae, E. afrovernayi, E. kerstenii, E. thamalakanensis, Zaireichthys 

pallidus, Chiloglanis sp ec ies, N. multifaciatus, O. zambenzense, P. castelnaui an d  P. marianne.

In  ra p id s  h ab ita ts , a d a p ta tio n  p lay s  an  im p o r ta n t ro le  in  f ish  b e h av io u r. F o r  in s ta n ce , a cc o rd in g , to  

K e e n le y s id e  (1 9 9 1 ), ro c k  d w e lle rs  m a y  u til is e  ro c k  o p e n in g s  as a  d e fe n c e  m e c h a n ism  to  av o id  

p re d a tio n  an d  fo r  p riv a c y , to  sp aw n  w ith o u t in tru s io n . E g g s  o f  Amphilius uranoscopus a re  la id  

u n d e r  s to n es, an d  th e  la rv a e  sw im  w ith  th e  sam e  w rig g lin g  m o tio n  as ta d p o le s  (Jack so n , 1961). 

T h ey  h a v e  m o rp h o lo g ic a l m o d if ic a tio n s  fo r  life  in  th e  ra p id s  (R o b e rts  &  S tew art, 1976; 

W e lc o m m e  e t al., 2 0 0 6 ). Amphilius uranoscopus h a v e  n u m e ro u s  b a c k w a rd -p o in tin g  sp in es  

p o s itio n e d  o n  th e  le a d in g  e d g es  o f  th e ir  p a ire d  fin s. In  so m e  A m p h illid a e  spp, th e  p e c to ra l an d  

p e lv ic  f in s  a re  b ro a d , a n d  fo rm  a  fe e b le  su ck in g  d isc  to  h e lp  th e  fish  c lin g  to  th e  ro c k s  in  sw ift 

s tream s (C u tle r  e t al., 2 0 1 6 ; Jac k so n , 1961). T h e se  a c t as a d h es io n  p a d s  an d  en ab le  th e  fish  to  sit 

in  fa s t o p en  w a te rs  an d  c lim b  ro c k  su rfaces  b y  s tic k in g  o n  w ith  th e ir  p e c to ra l an d  p e lv ic  fin s  

(T im b e rla k e  &  C h ild es , 2 004).

Chiloglanis sp ec ie s  w e re  a lso  sam p led  in  S e b o b a  rap id s . T h e  m o u th  o f  Chiloglanis fo rm s  a 

su ck in g  d isc  th a t  a llo w s  th e  fish  to  h o ld  o n to  ro c k s  in  fa s t cu rre n ts  an d  to  sca le  v e rtic a l w a te rfa lls  

(T im b e rla k e  &  C h ild es , 2 0 0 4 ). D isc  m o u th s  m a y  a lso  b e  an  a d a p ta tio n  to  fo rag e  o n  th e  ro ck s  as 

so m e are  rh e o p h illic  a lg a e  sc rap e rs , o r  f il te r  fe e d e rs  (W e lc o m m e  e t al., 20 0 6 ; C u tle r  e t al., 2 016). 

T h is  o b se rv a tio n  ag re es  w ith  B ra g a  e t al. (1 9 9 8 ) w h o  re p o rte d  th a t m o rp h o lo g ic a lly , th e  L o ric a riid s  

sp ec ie s  in  A tla n tic  ra in fo re s t s tream s p o sse sse d  d o rso v e n tra lly  f la tte n e d  b o d ie s , su ck e r-lik e  

m o u th s  an d  c o m b -lik e  to o th  p la te s  th a t e n ab le  th e  fish  to  sc rap e  a tta ch e d  a lg ae  an d  d ia to m s fro m  

th e  su b stra te .

S o m e sp ec ie s  a v o id  lig h t as w e ll as s tro n g  c u rre n t b y  d e lv in g  d eep ly  in to  in te rs tic e s  o ffe re d  b y  

ju m b le d  p ile s  o f  ro c k s  (R o b e rts  &  S tew art, 1976). T h e y  m a y  b e  lig h t in  c o lo u r as a  m a jo r  

a d ap ta tio n  to  re f le c t th e  su n ’s ray s, h a v e  sm all e y es  su p erfic ia l in  p o s itio n  o r re d u c e d  in  size , w h ic h  

m a y  b e  p a rtia lly  o r  c o m p le te ly  c o v e red  o v e r b y  sk in  o r  th e y  m a y  b e  c o m p le te ly  w ith o u t ey es  (v an  

d e r W aa l &  S k e lto n , 1984). T h e  C h o b e  san d  c a tle t Zaireichthys pallidus is  k n o w n  to  in h a b it  fin e  

san d  an d  s tay  b u rie d  w ith  o n ly  its  ey es  e x p o se d  (S k e lto n , 1993, 2 0 0 1 ). I t b le n d s  v e ry  w e ll w ith  th e  

san d  c o lo u r an d  th is  m a y  a lso  b e  so m e  fo rm  o f  ad ap ta tio n .
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S o m e ro c k  d w e lle rs  a re  w e ll a d ap te d  to  liv in g  in  ro c k y  h a b ita ts  b e c a u se  o x y g e n  le v e ls  a re  

c o n sta n tly  h ig h  b e c a u se  o f  w a te r  a e ra tio n  b y  th e  ro c k s  an d  th e  fa s t cu rren t. T h is  m a y  e x p la in  w h y  

v a n  d e r W aa l (2 0 0 9 ) re c o rd e d  H. v itta tu s  in  th e  P o p a  ra p id s  in  th e  O k a v a n g o  R iv e r. A lth o u g h  th e re  

is  a  fa s t-w e ll-o x y g e n a te d  cu rren t, H. v itta tu s  w a s  n o t re c o rd e d  a t S e b o b a  rap id s . T h is  m a y  b e  

b e c a u se  its  f lo o d in g  is  sea so n al an d  ra p id s  a re  sh a llo w e r an d  m a y  b lo c k  fish  m o v e m e n t, w h ic h  

co u ld  lim it its  d is tr ib u tio n . S ev era l s tu d ie s  h a v e  re c o rd e d  ra p id s  as b a rr ie rs  a g a in s t f ish  spec ie s. 

F o r  ex am p le , in  th e  re g io n , th e  V ic to ria  F a lls , K a fu e  G o rg e  an d  K a rib a  d am  fo rm  b a rr ie rs  to  th e  

m ig ra tio n  o f  f re sh w a te r  ee ls , a n g u illid ae , an d  lim it th e ir  d is tr ib u tio n  (Jack so n , 1961).

T h e  a b u n d an c e  o f  Po llim yrus  m arianne  a ro u n d  S e b o b a  ra p id s  is  d u e  to  th e  fa c t th a t th is  sp ec ie s  

liv e s  in  c o v e r u n d e r  ro c k s  o r  in  b a n k s id e  v e g e ta tio n  o u t o f  th e  c u rre n t (K ra m e r e t al., 2 0 0 3 ). 

Po llim yrus  m arianne  is  re s tr ic te d  to  th e  S e b o b a  ra p id s , w h ile  Po llim yrus  cuandoensis  in h a b its , th e  

K w a n d o -L in y a n ti R iv e r  sy stem , an d  th e  Po llim yrus  caste lnau i  is  d is tr ib u te d  in  th e  O k a v an g o  

(K ra m e r e t a l., 2 0 0 3 ). C ic h lid s  th a t w e re  re c o rd e d  a t th e  ra p id s  w e re  th e  sm all c ich lid s  su ch  as 

T ilap ia  sparrm an ii, Pseudocren ilab ru s p h ila n d er  an d  Pharyngochrom is  a cu ticep s . T h is  

d is tr ib u tio n  is  n o t c o n s is te n t w ith  re p o rts  b y  v a n  d e r  W aa l (2 0 0 9 ), w h o  re c o rd e d  H. v itta tu s , C. 

renda lli  an d  S. robustu s  a t th e  P o p a  ra p id s  in  th e  O k a v a n g o  R iv e r  o f  N a m ib ia . T h e  d iffe ren c e  in  

sp ec ie s  m a y  b e  a ttr ib u te d  to  th e  d e p th  o f  th e  rap id s . E lse w h e re  in  th e  Z a ire  R iv e r, c ich lid s  h av e  

b e e n  re c o rd e d  in  rap id s . H o w ev e r, th e se  e x h ib ite d  e x c e p tio n a lly  e lo n g a te d  m o rp h o lo g ica l 

a d ap ta tio n  (R o b e rts  &  S tew ard s, 1976).

T h e  tw o  M astacem be lu s  (fren a tu s  an d  vanderw aa l) w e re  n o t re c o rd e d  a t S e b o b a  ra p id s  d u rin g  th is  

s tu dy , d e sp ite  M . vanderw aa l  h a v in g  b e e n  re c o rd e d  in  th e  sam e  h a b ita t b e fo re  (T w ed d le  e t al., 

2 0 0 4 ) .  M astacem be lu s  spp. in h a b it  d iv e rse  a q u a tic  h a b ita t, an d  C u tle r  e t al. (2 0 1 6 ) h a v e  re p o rte d  

rh e o p h illic  m a s ta c e m b e lid s  b e in g  ab le  to  w e d g e  th e m se lv e s  in to  ro c k y  c re v ice s  to  w ith s ta n d  s tro n g  

cu rren ts . T h e ir  ab se n c e  m ay  h a v e  b e e n  as  a  re s u lt  o f  th e  re la tiv e ly  lo w  sam p lin g  e ffo rt o r in a b ility  

o f  th e  g e a r  to  e x tra c t th e se  fish  fro m  ro c k  c rev ices .

L a g o o n s  a n d  m a r g in a l  f lo o d p la in s

In  m a rg in a l f lo o d p la in  a reas , n e w  in u n d a tio n  e n h an c e s  h a b ita t c o m p le x ity  (W e lco m m e, 1979; 

B ass , 1992). T h is  is  b e c a u se  d u rin g  flo o d in g  th e re  is  th e  c re a tio n  o f  m o re  c o m p le x  h a b ita ts  as n e w
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litto ra l z o n e s  o p en s  u p , fra g m e n te d  c h an n e ls  re c o n n e c t (B a lco m e  &  A rth in g to n , 2 0 0 9 ) and  

f lo o d p la in s  are  in u n d a te d  (M e rro n  &  B ru to n , 1988). D u rin g  th e se  p e rio d s , w a te r  te m p e ra tu re s  and  

c o n d u c tiv ity  a re  lo w , w h ile  w a te r  d ep th , v e lo c ity  an d  d is so lv e d  o x y g e n  a re  g re a te r  (W in e m ille r  &  

Jep se n , 1998). F lo o d w a te r  re c e ss io n  in  tu rn  re d u c e s  th e  a v a ilab ili ty  o f  a q u a tic  h a b ita ts , and  

in c re a se s  f ish  d e n s itie s  an d  th e  b io tic  in te ra c tio n s  (Z a re t &  R an d , 1971), th e re b y  c h a n g in g  b io tic  

c o m p o sitio n , a n d  tro p h ic  s tru c tu re  o f  f ish  c o m m u n itie s  (R o ll e t al., 2 012).

In  th e  K w a n d o -L in y a n ti r iv e r  sy stem , a  s lig h tly  g re a te r  sp ec ie s  r ic h n e ss  (2 4  sp ec ie s) w a s  re c o rd ed  

u s in g  e x p e rim en ta l n e ts  se t in  d e e p e r h ab ita t, th a n  in  th e  sh a llo w  h a b ita t (23 sp ec ie s) o f  Z ib a d ia n ja  

L ag o o n . T h is  ag re es  w ith  S h e ld o n  (1 9 6 8 ), w h o  su g g es te d  th a t f ish  p a rtitio n e d  w a te r  c o lu m n s  so 

th a t d e e p e r z o n es  h a b ita t su p p o rte d  m o re  d iv e rse  fau n a s , as o b se rv ed  in  O w eg o  C re e k  in  T iag o  

an d  T o m p k in s  c o u n tie s  in  N e w  Y o rk  in  th e  U n ite d  S ta tes. In  co n tra st, c o m m e rc ia l, m o re  se lec tiv e  

g illn e ts  c a u g h t m o re  sp ec ie s  in  sh a llo w  w a te rs . W h ile  so m e  sp ec ie s  (S. intermedius, B. lateralis 

an d  M. altisambesi) w e re  u b iq u ito u s  an d  g e n e ra lis t, in h a b itin g  b o th  d eep  an d  sh a llo w e r z o n e s  o f  

th e  L ag o o n , as h as  b e e n  d e sc rib e d  b y  o th e r  s tu d ie s  in  th e  re g io n  ( H a y  e t a l., 2 0 0 2 ; N a e s je  e t al., 

2 0 0 4 ), so m e (e .g ., Serranochromis giardi, Petrocephalus longicapitis, Serranochromis thumbergi, 

Mormyrus lacerda an d  Hydrocynus vittatus w e re  sam p led  o n ly  fro m  d eep  z o n e s  an d  o th e rs  

Coptostomarbarbus wittei, Micropanchax hutereaui an d  Enteromius haasianus w e re  sam p led  

fro m  sh a llo w , v e g e ta te d  zo n es.

H a b ita t p a r titio n in g  is  c o m m o n  in  m a n y  fish  sp ec ie s , su ch  as in  c ich lid s  (S k e lto n , 2 0 0 1 ). L a g o o n s  

an d  sh a llo w  h a b ita ts  a re  a lso  a  p re fe rre d  sp a w n in g  h a b ita t fo r  m a n y  c ich lid s , in c lu d in g  C. rendalli, 

O. andersonii an d  Serranochromis altus, b e c a u se  th e  sh a llo w  w a te r  h a b ita t w ith  h ig h  te m p e ra tu re s  

o p tim ise s  ju v e n ile  g ro w th  (W a rd  &  S tan fo rd ,1 9 9 5 ). M o s t ju v e n ile  c ich lid s  seek  re fu g e  in  

sh a llo w er, v e g e ta te d  m ic ro h a b ita t to  av o id  p re d a tio n  (R eeb s , 2 0 0 8 ). S im ila rly , Hepsetus cuvieri 

(an  a g g re ss iv e  ap ex  p re d a to r)  u se s  a q u a tic  v e g e ta tio n  h a b ita ts  fo r  c o n c e a lm e n t to  a m b u sh  p rey  

(M o ria rty , 1983; M e rro n  e t al., 1990; M erro n , 1991, 1993; A b ilh o a  e t al., 2 0 1 1 ), an d  fo r  

a tta ch m e n ts  to  its  b u b b le  fo am  n est, th a t p ro te c ts  eg g s  an d  la rv a e  fro m  p re d a to rs  an d  d ire c t in te n se  

tro p ic a l h e a t (B ru to n , 1990). T h is  m ay  e x p la in  w h y  W in e m ille r  an d  K e lso -W in e m ille r  (1 9 9 4 ) 

re c o rd e d  9 8 %  o f  H. cuvieri in  lag o o n s , w h ile  in  la c u s tr in e  L a k e  K a rib a , i t  in h a b ite d  m u d d y  w a te rs  

w ith  a  v a r ie ty  o f  v e g e ta tio n  (K e n m iu r, 1984; S a n y a n g a  &  F e re su , 1994).
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A c co rd in g , to  M o se p e le , (1 9 9 0 ), Hydrocynus vittatus is  a  k e y  in d ic a to r  o f  m a in  ch an n e l an d  o p en  

w a te r  sp ec ies. T h is  fu r th e r  c o n cu rs  w ith  R a m b e rg  e t al. (2 0 0 6 ), w h o  a rg u e d  th a t A le s tid a e  and  

C y p rin id a e  a re  fa s t sw im m e rs  th a t a re  a d ap te d  to  o p e n  an d  m id w a te r. In  C h o b e  R iv e r, fo r  ex am p le , 

H. vittatus w a s  a b u n d a n t and ; p ro m in e n tly  sam p led  fro m  th e  m a in  ch an n e l. S tu d ies  in  O k a v a n g o  

(M e rro n  &  B ru to n , 1988; M erro n , 1991; M o se p e le , 1990) an d  Z a m b e z i R iv e r  (W in e m ille r  &  

K e lso  W in e m ille r , 1994) m a d e  s im ila r  o b se rv a tio n s . H a y  e t al. (2 0 0 2 ) o b se rv ed  a  tre n d  in  th e  

u til is a tio n  o f  s id e  c h an n e ls , b a c k w a te rs  an d  f lo o d p la in s  b y  H. vittatus d u rin g  r is in g  w a te rs  in  

Z a m b e z i R iv e r. T h is  ag rees  w ith  th e  c u rre n t s tu d y  w h e re  it  w a s  sam p led  fro m  b a c k w a te rs  

c o n n ec te d  to  th e  m a in  c h an n e l in  th e  C h o b e  R iv e r.

In  th e  c u rre n t s tu dy , h ig h e r  a b u n d an c e  o f  H. vittatus w a s  o b se rv ed  an d  a  lo w e r  a b u n d an c e  o f  H. 

cuvieri in  C h o b e  R iv e r, w h ile  in  Z ib a d ia n ja  L a g o o n  an d  S avu ti R iv e r  th e re  w a s  a  h ig h e r  ab u n d an c e  

o f  H. cuvieri th a n  H. vittatus. T y p ica lly , H. vittatus a re  ra re  in  th e  K w a n d o -L in y a n ti  an d  S avu ti 

r iv e r  sy stem s. H is to ric a lly , o n ly  o n e  sp ec im e n  h as  b e e n  re c o rd e d  in  S av u ti R iv e r  a t P re s id e n t 

C am p  in  th e  m a in  ch an n e l (D W N P  su rv ey s, 2 0 1 0 -2 0 1 2 ; u n p u b lish e d ). T h is  m ig h t b e  d u e  to  h a b ita t 

p re fe ren ce .

A c co rd in g , to  Ja c k so n  (1 9 6 1 ), H. vittatus is  n o t fo u n d  in  sm all s tream s e x c e p t sea so n a lly  fo r  

sp aw n in g , n o r  in  sw a m p y  m a rsh e s  e x c e p t w h e re  th e re  is  a  la rg e  sw a m p -ch a n n e l o r  a n o th e r  f lo w  

o f  w e ll-a e ra te d  w a te r . O w in g  to  in te rm itte n t sea so n al e p iso d ic  flo w s  in  S av u ti R iv e r, H. vittatus 

m a y  n o t b e  ab le  to  e s ta b lish  th e m se lv e s  an d  th o se  sp ec im e n s  th a t a re  p re se n t a re  lik e ly  to  b e  

o c ca s io n a l m ig ra n ts  a tte m p tin g  to  ta k e  a d v an ta g e  o f  e x p a n d in g  fo o d  an d  h a b ita t re so u rc e s  

(G a la ca to s  e t a l., 2 0 0 4 ). T h is  is  b e c a u se  w a te r  p e rm a n en c y , d e p th  an d  f lo w  a re  p rim ary  

re q u ire m e n ts  fo r  d is tr ib u tio n  an d  a b u n d an c e  o f  th is  sp ec ie s  (M erro n , 1991). T h e re fo re , h a b ita t 

p re fe re n c e  p la y s  a  c ru c ia l ro le  in  th e ir  d is tr ib u tio n , w ith  H. vittatus p re fe rr in g  o p en  fa s t-f lo w in g  

o x y g e n a te d  w a te r  (S k e lto n , 2 0 0 1 ; M o se p e le  e t al., 2 0 0 9 ), w h ile  H. cuvieri p re fe rs  v e g e ta te d  

h a b ita ts  (S k e lto n , 2 0 0 1 ).

H a b ita t ty p e  a lso  in f lu e n c e d  ta x a  d is tr ib u tio n  in  th is  s tudy . F o r  ex am p le , b o th  Labeo lunatus and  

cylindricus h a d  lim ite d  d is tr ib u tio n  an d  w e re  o n ly  sam p led  fro m  ro c k y  su b stra te  h a b ita ts  o f  C h o b e  

R iv e r. In  ad d itio n , L. cylindricus w a s  re c o rd e d  so le ly  in  b a c k w a te rs  w ith  g rav e l su b s tra tu m
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w h e re a s  L. lunatus w a s  re c o rd e d  in  b o th  m a in  ch an n e l, b a c k w a te r  an d  s id e  ch an n e ls . In  L a k e  

L iam b e z i, L. cylindricus w a s  n o t fo u n d  d u e  to  an  a b se n c e  o f  r iv e rin e  h a b ita t (P ee l, 2 0 1 2 ).

L a r g e  c ic h l id s

T h e  re su lts  o f  th is  su rv ey  d e m o n s tra te d  th a t th e  la rg e , c o m m e rc ia lly  im p o r ta n t c ich lid s  

Oreochromis andersonii, Oreochromis macrochir an d  Coptodon rendalli, m a k e  u p  o n ly  a  sm all 

p ro p o rtio n  o f  th e  fish  fau n a . T h is  w a s  p a r tic u la rly  tru e  fo r  th e  C h o b e  R iv e r , w h e re  la rg e  c ich lid s  

w e re  rare . T h is  is  m o s t l ik e ly  as a  re su lt o f  h ig h  f ish in g  p re s su re  (see  T w e d d le  e t al., 2 0 1 5 ). C u rre n t 

re su lts , th e re fo re , c o n tra s t w ith  th o se  o f  M e rro n  (1 9 8 9 a ) w h o  re p o rte d  O. andersonii as d o m in a tin g  

th e  fish  c o m m u n ity  in  th e  C h o b e  R iv e r. D u rin g  th is  su rvey , la rg e  ti la p iin e s  w e re  g e n e ra lly  o n ly  

sam p led  fro m  th e  m o re  p ro te c te d  lag o o n , S av u ti R iv e r  an d  b a c k w a te r  sy stem s, w h e re  e x p lo ita tio n  

p re ssu re  w a s  low .

T o  d ev e lo p  a  b e tte r  u n d e rs ta n d in g  o f  th e  p o te n tia l im p a c t o f  e x p lo ita tio n  on  th e se  fish es , th e  n e x t 

c h a p te r  w ill fo c u s  o n  q u a n tita tiv e  c o m p a riso n s  o f  d iv e rs ity  an d  re la tiv e  a b u n d a n c e  u s in g  d a ta  fro m  

th e  s tan d a rd ise d  g ill n e t flee t.
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C H A P T E R  3 :  E X P E R I M E N T A L  G I L L N E T  C A T C H E S ,  C O M P O S I T I O N  A N D  

R E L A T I V E  A B U N D A N C E  O F  L A R G E  C I C H L I D S  S P E C I E S  I N  T H E  C H O B E  

D I S T R I C T ,  B O T S W A N A

3 .1  I n t r o d u c t i o n

In la n d  w a te r  f ish e rie s  in  A fric a  are  th re a te n e d  b y  h u m a n  ac tiv itie s  su ch  as p o llu tio n , w a te r  

d iv e rs io n  an d  b y , e u tro p h ic a tio n , in v a s iv e  sp ec ie s  an d  o v e r-e x p lo ita tio n  (S a la  e t al., 20 0 0 ; 

D u d g e o n  e t al., 2 0 0 5 ). In  th e  Z a m b e z i b a s in , o v e rf ish in g  th ro u g h  th e  u se  o f  m o re  e ff ic ie n t 

m o n o fila m e n t n e ts  an d  th e  u se  o f  d e s tru c tiv e  f ish in g  m e th o d s  su ch  as se in in g  n e ttin g  w ith  

m o sq u ito  n e ttin g  (T w e d d le  e t al., 2 0 1 5 ) h as  re su lte d  in  d e p le tio n  o f  la rg e , h ig h  v a lu e  sp ec ie s  su ch  

as th e  la rg e  c ich lid s  T h re e sp o t T ila p ia  Oreochromis andersonii, G re en h e a d  T ila p ia  Oreochromis 

macrochir an d  R e d b re a s t T ila p ia  Coptodon rendalli (T w ed d le  e t al., 2 0 1 5 ). T h e se  la rg e  c ich lid s  

a re  fa v o u re d  b y  f ish e rs  b e c a u se  th e y  g e n e ra lly  c o m m a n d  h ig h e r  m a rk e t p ric e s  th a n  sm all sp ec ie s  

(W ey l e t al., 2 0 1 0 ; T w e d d le  e t a l., 2 0 1 5 ). A s  a  resu lt, th e se  c o m m e rc ia lly  im p o r ta n t la rg e  c ich lid s  

a re  th e  d o m in a n t g ro u p  o f  f ish  so ld  in  fo rm al m a rk e ts , e .g ., a t K a tim a  M u lilo  f ish  m a rk e t in  

N a m ib ia  (v an  d e r W aa l e t al., 2 0 1 1 ). R e d u c e d  c a tc h  ra te s  fo r  th e se  sp ec ie s  a re  th e re fo re  a  cau se  

fo r  co n ce rn , as th e re  a re  e x am p les  o f  c o m p le te  c o lla p se  o f  so m e  fish e rie s  in  th e  re g io n  (B a n d a  et 

al., 2 0 0 5 ; W ey l e t al., 2 0 1 0 ). In  M a la w i, fo r  ex am p le , th e  c o lla p se  o f  th e  o n c e  v a lu a b le  C h am b o  

Oreochromis “n y a sa la p ia  s p p ’ ’ s to ck s  in  L a k e s  M a lo m b e  an d  M ala w i w a s  as a  c o n se q u e n c e  o f  an  

u n su s ta in a b le  f ish in g  e ffo rt, n o n -c o m p lia n c e  w ith  fish in g  re g u la tio n s  an d  th e  u se  o f  th e  illeg a l g e a r  

w h ic h  d e n u d ed  ju v e n ile  h a b ita t (B a n d a  e t al., 2 0 0 5 ).

In la n d  fish e rie s  in  d e v e lo p in g  c o u n trie s  in  A frica , A s ia  an d  S o u th  A m e ric a  a re  ty p ic a lly  a rtisan a l 

f ish e rie s  c h a ra c te rise d  b y  a  la rg e  n u m b e r  o f  p a rtic ip a n ts , u s in g  m u ltip le  g e a r  to  h a rv e s t m u ltip le -  

sp ec ie s  a s se m b la g e  (A lla n  e t a l., 2 0 0 5 ). A s  a  re su lt, f ish e rs  o ften  a d a p t to  o v e rf ish in g  b y  sw itch in g  

to  sm alle r, m o re  a b u n d an t, b u t le ss  v a lu a b le  sp ec ie s  as th e  la rg e r  m o re  v a lu a b le  sp ec ie s  a re  

d e p le ted  (C h ris te n se n  &  P au ly , 1998; W a rd  e t al., 2 0 0 1 ; W e lc o m m e , 2 0 0 1 ). In  K e n y a  fo r  ex am p le , 

f ish e rs  a d a p t to  d e c lin in g  c a tc h e s  o f  h ig h  v a lu e  sp ec ie s  b y  in c re a s in g  e ffo rt, c h a n g in g  g e a r  and  

c h a n g in g  lo c a tio n  (M u th ig a  &  K a w a la , 2 0 1 0 ). S u ch  b e h a v io u r  en ab le s  f ish e rm e n  to  m a in ta in  th e  

q u a n tity  o f  f ish  h a rv e s te d  b u t n o t th e  v a lu e  (M arsh a ll, 2 0 1 6 ). B y  c h an g in g  sp ec ie s  c o m p o s itio n
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fro m  la rg e r, s lo w e r g ro w in g  sp ec ie s  to  sm alle r, fa s te r  g ro w in g  sp ec ie s  (F e n b e rg  &  R o y , 2 0 0 8 ), 

h ig h  e x p lo ita tio n  le v e ls  are  a lso  c ap a b le  o f  tra n s fo rm in g  an  o rig in a lly  s tab le , m a tu re  an d  e ff ic ie n t 

e co sy s tem  in to  an  im m a tu re  an d  s tre sse d  sy stem  (G a rc ia  e t a l., 2 003).

U n d e rs ta n d in g  an d  m itig a tin g  th e se  im p a c ts  is  th e re fo re  im p o r ta n t n o t o n ly  fo r  en su rin g  

su s ta in a b le  u tilisa tio n , b u t a lso  fo r  p re se rv in g  th e  e co sy s tem  in te g rity , w h ic h  in  tu rn  secu res  th e  

liv e lih o o d s  o f  th e  p e o p le  d e p e n d e n t o n  th e  re so u rce . T y p ica l in te rv e n tio n s  in c lu d e  re d u c e d  f ish in g  

e ffo rt, g e a r  re s tric tio n , c lo se d  seaso n s  an d  p ro te c te d  a re as  (F A O , 1995; B a n d a  e t al., 2 0 0 5 ; B ee ts  

&  M an u e l, 2 0 0 7 ; K a u r, 2 0 1 2 ; W a lla c e  e t a l., 2 0 1 5 ).

In  B o tsw a n a , 17%  o f  th e  la n d  su rface  a re a  is  d e s ig n a te d  as N a tio n a l P a rk s  an d  G a m e  R e se rv e s  and  

a  fu r th e r  2 1 %  is  d e s ig n a te d  as W ild life  M a n a g e m e n t A re as  (G o v e rn m e n t o f  B o tsw a n a , 1975; 

IU C N , 1987a). E lse w h e re  p ro te c te d  a reas  p la y  an  im p o r ta n t ro le  in  f ish e rie s  m a n ag e m e n t, 

re sea rch , s in g le  sp ec ie s  c o n se rv a tio n  an d  h a b ita t p ro te c tio n  (G a rd n e r &  S tru th e rs , 2 0 1 2 ). T h e re  

a re  m a n y  e x am p les  o f  th e  b e n e f its  o f  p ro te c te d  a reas  in  f ish e rie s  m a n a g e m e n t, e .g ., a rre s tin g  an d  

p o ss ib ly  re v e rs in g  th e  g lo b a l an d  lo ca l d e c lin e  in  f ish  p o p u la tio n s  an d  p ro d u c tiv ity  b y  p ro te c tin g  

c ritica l b re e d in g , n u rse ry  an d  fe e d in g  h a b ita ts  (K e n c h ito n  e t al., 2 0 0 3 ) an d  in c re a se d  a b u n d an c e  

an d  sp aw n in g  b io m a ss  (B o h n sack , 1998). In  S o u th  A fric a  fo r  ex am p le , M a r in e  P ro te c te d  A reas  

(M P A s) ty p ic a lly  c o n ta in  fish  o f  la rg e  s ize  an d  h ig h e r  a b u n d a n c e  th a n  a d ja c e n t f ish e d  a reas  

(C o w le y  e t al., 2 0 0 2 ), w h ile  in  K en y a , s p e c ie s ’ r ic h n e ss  w a s  s ig n if ic a n tly  h ig h e r  in  a  M a rin e  

R e se rv e  th a n  b e y o n d  re se rv e  b o u n d a rie s  (C o te  e t al., 2 0 0 1 ). A s  a  re su lt, n o - ta k e  M a r in e  P ro te c te d  

A re as  a re  re c o g n ise d  as an  im p o r ta n t s tra teg y  fo r  s lo w  g ro w in g  sp ec ie s  w ith  lim ite d  d is tr ib u tio n  

as w e ll as fo r  s to ck  re b u ild in g  o f  o v e re x p lo ite d  sp ec ie s  (C o w le y  e t al., 2 0 0 2 ). T h e  ro le  and  

p o te n tia l im p o rta n c e  o f  p ro te c te d  a reas  in  f ish e rie s  m a n ag e m e n t, in  f re sh w a te rs  is, h o w e v e r, n o t 

w e ll re sea rch ed .

T h is  c h a p te r  is  th e  f ir s t  a s se ssm e n t o f  th e  d iv e rs ity  an d  re la tiv e  a b u n d a n c e  o f  th e  fish  in s id e  and  

o u ts id e  p ro te c te d  a reas  in  th e  C h o b e /Z a m b e z i re g io n  o f  B o tsw a n a . T h is  a s se ssm e n t is b a se d  on  

g illn e t su rv ey s  c o n d u c te d  a t s ites  re p re se n tin g  a  h e av ily  e x p lo ite d  a re a  (C h o b e  R iv e r  n e a r  th e  

T o w n  o f  K a sa n e ); a  le ss  e x p lo ite d  a re a  (Z ib a d ia n ja  L a g o o n ) an d  a  p ro te c te d  area , S av u ti R iv e r  and  

m arsh . S p ec ies  c o m p o sitio n , d iv e rs ity  an d  re la tiv e  a b u n d an c e  d e riv e d  fro m  th e se  su rv ey s  w e re  

u se d  to  te s t  th e  o v e ra ll h y p o th e s is  th a t e x p lo ita tio n  re d u c e s  sp ec ie s  d iv e rs ity  an d  re su lte d  in  th e  

d e p le tio n  o f  la rg e  b o d ie d  fish . T h e  sp ec ific  h y p o th e se s  te s te d  w e re  (1 ) d iv e rs ity  in  e x p lo ite d  a reas

5 1



w a s  lo w e r  th a n  in  p ro te c te d  a reas; an d  (2 ) C P U E  fo r  la rg e  b o d ie d  c ich lid  sp ec ie s  w a s  lo w e r  in  

e x p lo ite d  a reas  th a n  in  lig h tly  e x p lo ite d  a reas , an d  p ro te c te d  a reas.

3 .2  M a t e r i a l  a n d  m e t h o d s

T h e  s tu d y  s ite  is  d e sc rib e d  in  d e ta il in  C h a p te r  T w o. G illn e t su rv ey s  w e re  c o n d u c te d  o n ce  a  m o n th  

fo r  fo u r m o n th s , w ith  fo u r  n ig h t se ttin g s  fo r  each  o f  th e  th re e  r iv e r  sy s te m s  b e tw e e n  S e p te m b e r 

2 0 1 4  an d  A p ril 2 0 1 5  u s in g  11 m u ltif ila m e n t g ill n e t flee ts , an d  e ac h  c o m p ris in g  o f  e le v e n  10 m  

p a n e ls  o f  2 m  d eep  p a n e ls  w ith  s tre tch e d  m e sh  s izes  o f  12, 16, 22 , 28 , 35 , 45 , 57, 73 , 93 , 118 and  

150 m m . T h e  n e ts  w e re  se t o v e rn ig h t fo r  a p p ro x im a te ly  12 h o u rs  (se t a t 1700  h rs. an d  1900 hrs. 

an d  re tr ie v e d  in  th e  m o rn in g s  b e tw e e n  0 6 0 0  hrs . a n d  0 8 0 0  h rs.). A ll f ish  sam p led  w e re  id e n tif ie d  

to  sp ec ie s  lev e l u s in g  S k e lto n  (2 0 0 1 ), an d  c o u n te d  an d  w e ig h e d  to  th e  n e a re s t g ram . A s th e  

sam p lin g  e ffo rt w a s  eq u a l b e tw e e n  m o n th s , all su b se q u e n t a n a ly se s  a re  c o n d u c te d  o n  g ro u p e d  data.

F is h  d iv e r s i t y  a n d  s p e c ie s  c o m p o s i t io n

T o  d e sc rib e  th e  fish  c o m m u n ity  sam p led  in  e x p e r im en ta l g illn e ts  an d  to  p ro v id e  q u a lita tiv e  

d e sc rip tio n  o f  ca tc h e s  in  th e  d iffe re n t a reas , g illn e t ca tc h e s  w e re  f ir s t  d e sc rib e d  b y  c a lc u la tin g  th e  

p e rc e n ta g e  o f  th e  to ta l n u m b e r  (% N ), p e rc e n ta g e  o f  th e  to ta l b io m a ss  (% W ) an d  th e  fre q u e n c y  o f  

o c cu rre n c e  (% F ) o f  each  sp ec ie s  in  th e  to ta l n u m b e r  o f  n e t se ttin g s  (K o ld in g , 1998). S u b seq u en tly , 

an  In d ex  o f  th e  R e la tiv e  Im p o rta n c e  (IR I) w a s  c a lc u la te d  u s in g  th e  e q u a tio n  IR I =  (% N + % W ) x  

% F  an d  th e  IR I fo r  each  sp ec ie s  w a s  e x p re sse d  as a  p e rc e n ta g e  o f  all sp ec ie s  a t each  site.

T o  te s t th e  h y p o th e s is  th a t f ish  d iv e rs ity  in  e x p lo ite d  a reas  w a s  lo w e r  th a n  in  p ro te c te d  a reas , a 

P r in c ip a l C o m p o n e n t A n a ly s is  (P C A ) w a s  c o n d u c te d  u s in g  th e  so ftw a re  p a c k a g e  P R IM E R  (C la rk e  

&  W arw ick , 1994; C la rk e  &  G o rley , 2 0 0 6 ). P C A  u se s  o rd in a tio n  to  h ig h lig h t s im ila rity  and  

d iss im ila rity . A re as  w ith  s im ila rity  a re  g ro u p e d  c lo se r  to  o n e  a n o th e r  w h ile  a reas  w ith  d iss im ila r ity  

a re  fa r  a p a r t (C la rk e  &  W arw ick , 1994). F ish  d iv e rs ity  a t each  site  w a s  e s tim a te d  u s in g  th e  

S h an n o n  an d  S h an n o n  -W ie n e r  in d e x  o f  d iv e rs ity . T h e  S h an n o n  -W ie n e r in d e x  o f  d iv e rs ity  (H ) is 

a  m e a su re  o f  sp ec ie s  ric h n e ss , w e ig h e d  b y  th e ir  a b u n d a n c e s  o r e v e n n e ss  an d  c a lc u la te d  as: H  = - 

£ p i  In  pi, w h e re  pi is th e  p ro p o rtio n  o f  in d iv id u a ls  fo u n d  in  th e  ith  sp ec ie s  (M a g u rra n , 1988). T h e  

S h an n o n  In d e x  ( J ')  a ssu m e s  th a t in d iv id u a ls  a re  ra n d o m ly  sam p led  fro m  an  in d e fin ite ly  la rg e
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p o p u la tio n ; an d  th a t all sp ec ie s  a re  re p re se n te d  in  th e  sam p le , th a t w a s  c a lc u la te d  as J ' = H ' /H  

max=H/In S, w h e re  S is  th e  to ta l n u m b e r  o f  sp ec ie s  in  a  c o m m u n ity  (R ich n ess). J ’ a ssu m e s  th e  v a lu e  

b e tw e e n  0 an d  1, a  v a lu e  o f  1 m e a n in g  all sp ec ie s  a re  e q u a lly  a b u n d a n t in  th e  area.

C o m p a r i s o n  C a t c h  p e r  U n i t  e f f o r t  ( C P U E )

C atch  p e r  u n it  e ffo r t (C P U E ) w a s  u se d  to  te s t  th e  h y p o th e s is  th a t re la tiv e  a b u n d an c e  o f  la rg e  

c ich lid s  w a s  h ig h e r  in  p ro te c te d  a reas  th a n  fish e d  areas. T o  d o  th is , C P U E  w a s  f irs t c a lc u la te d  as; 

C P U E  i=Ci/Ei, w h e re  Ci is th e  c a tc h  o f  th e  sp ec ie s  (i) (in  e ith e r  n u m b e rs  o r  w e ig h t)  an d  E i is  th e  

e ffo rt e x p en d e d  to  o b ta in  i. C P U E  w a s  s ta n d a rd ise d  as n u m b e r .n e t n ig h t-1 an d  K g .n e t n ig h ts  

(K o ld in g , 1998). F o r  c o m p a ra tiv e  p u rp o se s , C P U E  w a s  c o m p a re d  fo r  th e  to ta l ca tch , an d  fo r  la rg e , 

e x p lo ite d  c ich lid  sp ec ie s  O. andersonii, O. macrochir an d  C. rendalli in d iv id u a lly . E x p lo ra to ry  

an a ly s is  re v e a le d  th a t d a ta  d id  n o t co n fo rm  to  th e  c o n d itio n s  o f  p a ra m e tr ic  te s ts  a n a ly s is  and  

th e re fo re , th e  n o n -p a ra m e tric  K ru sk a l-W a llis  te s t w a s  u se d  fo r  s ta tis tica l c o m p ariso n . T h e  T u k ey  

te s ts  fo r  p a irw ise  M u ltip le  C o m p a riso n  P ro c e d u re s  w e re  u se d  as a  p o s t-h o c  te s t  to  iso la te  th e  

d iffe ren c es  b e tw e e n  th e  sites.

3 .3  R e s u l t s  

F is h  d iv e r s i t y

S u rv ey s  y ie ld e d  a  to ta l o f  7 9 9 2  fish  w e ig h in g  1095 k g  an d  c o m p rise d  o f  n in e  fa m ilie s  an d  37 

sp ec ies. O rd in a tio n  p lo ts  rev ea l th a t th e  fish  fa u n a  o f  C h o b e  R iv e r  is  d is tin c t fro m  th e  Z ib a d ia n ja  

L a g o o n  an d  th e  S avu ti R iv e r , w h e re a s  S av u ti an d  Z ib a d ia n ja  o v e rla p  in  sp ec ie s  an d  a b u n d an c e  

(F ig u re  3 .1 ).
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C a t c h  c o m p o s i t io n

C h o b e  R i v e r  a n d  F lo o d p la in

In  e x p e rim en ta l g illn e t ca tch es, a  to ta l o f  2 2 2 0  fish  w e ig h in g  97  k g  an d  c o m p ris in g  n in e  fa m ilie s  

an d  31 sp ec ie s  w e re  sam p led  in  16 n ig h ts  (T ab le  3 .1 ). T h e  m o s t n u m e ro u s  sp ec ie s  w a s  Brycinus 

lateralis (2 1 .7 % ), fo llo w e d  b y  Enteromius radiatus (1 1 .9 % ) an d  Hydrocynus vittatus (1 0 .9 % ). H. 

vittatus c o n tr ib u te d  th e  m o s t w e ig h t (4 3 .8 % ), fo llo w e d  b y  Schilbe intermedius (1 2 .9 % ) and  

Clarias gariepinus (1 1 .4 % ) re sp ec tiv e ly . T h e  f iv e  m o s t im p o r ta n t sp ec ie s  a cc o u n tin g  fo r  7 4 %  IR I 

w e re  H. vittatus (3 0 % ), S. intermedius (1 3 .2% ), B. lateralis (1 2 .8 % ), Synodontis sp ec ie s  (1 0 .1 % ) 

e x c lu d in g  S. nigromaculatus, an d  E. radiatus (7 .8 % ). Clarias ngamensis w a s  n o t re c o rd e d  in  

C h o b e  R iv e r  d u rin g  th is  study .
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T A B L E  3 .1  E x p e rim e n ta l g illn e t c a tch  c o m p o s itio n  in  p e rc e n ta g e  n u m b e rs  (% N O ), p e rc e n ta g e  

w e ig h t (% W T ) an d  p e rc e n ta g e  fre q u e n c y  o f  o c cu rre n c e  (% F O ) an d  p e rc e n ta g e  in d e x  o f  re la tiv e  

im p o rta n c e  (% IR I) o f  all sp ec ie s  sam p led  in  C h o b e  R iv e r  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2015  

in  C h o b e  d is tric t, B o tsw a n a .

S P E C IE S % N O % W T % F O IR I % IR I R A N K IN G

Hydrocynus vittatus 10.9 4 3 .8 87.5 4 7 8 6 30 .0 1

Schilbe intermedius 9 .59 12.9 93 .8 2 1 1 0 13.2 2

Brycinus lateralis 2 1 .7 3 .4 9 81.3 2 0 4 4 12.8 3

Synodontis spp 7.43 8 .7 7 100 1621 10.1 4

Enteromius radiatus 11.9 0 .4 7 100 1241 7 .77 5

Marcusenius altisambesi 8 .56 4 .5 8 93 .8 1231 7.70 6

Enteromius paludinosus 7.03 0 .2 9 93 .8 686 4 .3 0 7

Petrocephalus longicapitis 8 .06 0 .85 75.0 669 4 .1 9 8

Clarias gariepinus 0 .36 11.4 31 .8 368 2 .3 0 9

Synodontis nigromaculatus 1.62 2 .8 4 62.5 2 7 9 1.75 10

Pharyngochromis acuticeps 2.93 0 .78 68 .8 255 1.59 11

Serranochromis macrocephalus 0 .7 7 2 .3 8 50.0 157 0.98 12

Micralestes acutidens 4 .5 9 0.11 31.3 147 0 .9 2 13

Labeo lunatus 0 .50 1.93 43 .8 106 0 .6 6 14

Cyphomyrus cubangoensis 0 .90 0 .7 6 50.0 83 .2 0 .5 2 15

Enteromius poechii 1.17 0.31 50.0 74 .2 0 .4 6 16

Sargochromis condringtonii 0.23 0.83 2 5 .0 26.3 0 .1 6 17

Mormyrus lacerda 0 .14 1.6 12.5 2 1 .7 0 .1 4 18

Tilapia sparrmanii 0.41 0 .2 4 31.3 20.1 0.13 19

Sargochromis carlottae 0.23 0 .5 6 2 5 .0 19.6 0 .1 2 20

Oreochromis andersonii 0 .14 0 .3 7 18.8 9.41 0 .0 6 21

Parauchenoglanis ngamensis 0 .18 0 .3 6 12.5 6 .79 0 .0 4 22

Oreochromis macrochir 0 .14 0 .2 0 18.8 6 .29 0 .0 4 23

Hippopotamyrus szaboi 0 .14 0.01 18.8 2.71 0 .0 2 24

Pseudocrenilabrus philander 0 .14 0.01 12.5 1.86 0.01 25

Sargochromis giardi 0.05 0 .0 6 6.25 0 .6 7 0 .0 0 26

Hepsetus cuvieri 0.05 0 .05 6.25 0 .56 0 .0 0 2 7

Labeo cylindricus 0.05 0.03 6.25 0 .50 0 .0 0 28

Coptodon rendalli 0.05 0 .0 0 6.25 0 .29 0 .0 0 29

Enteromius spp 0.05 0 .0 0 6.25 0 .29 0 .0 0 30

Enteromius bifrenatus 0.05 0 .0 0 6.25 0 .29 0 .0 0 31
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Z i b a d i a n j a  L a g o o n

In  e x p e rim en ta l g illn e t ca tch es, a  to ta l o f  2 9 6 0  fish  w e ig h in g  599  k g  an d  c o m p ris in g  o f  sev en  

fa m ilie s  an d  25 sp ec ie s  w e re  sam p led  in  16 n ig h ts  (T a b le  3 .2 ). T h e  m o s t n u m e ro u s  sp ec ie s  

a cc o rd in g , to  % IR I w a s  S. intermedius (3 9 % ) in  Z ib a d ia n ja , fo llo w e d  b y  B. lateralis (2 5 % ) and  

th ird ly  M. altisambesi (1 8 .3 % ). Schilbe intermedius c o n tr ib u te d  th e  m o s t w e ig h t (4 6 .8 % ). T h e  f iv e  

m o s t im p o r ta n t sp ec ie s  c o n tr ib u tin g  to  9 2 .7 %  IR I w e re  S. intermedius (4 7 .2 % ), M. altisambesi 

(1 6 .2 % ), B. lateralis (1 4 .2 % ), C. gariepinus (1 3 % ) an d  C. ngamensis (2 .1 % ).

T A B L E  3 .2 .  E x p e rim e n ta l g illn e t c a tc h  c o m p o s itio n  in  p e rc e n ta g e  n u m b e rs  (% N O ), p e rc e n ta g e  

w e ig h t (% W ) an d  p e rc e n ta g e  fre q u e n c y  o f  o c c u rre n c e  (% F O ) an d  p e rc e n ta g e  in d e x  o f  re la tiv e  

im p o rta n c e  (% IR I) o f  all sp ec ie s  sam p led  in  Z ib a d ia n ja  L a g o o n  sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  

an d  A p ril 2 0 1 5  in  C h o b e  D is tric t, B o tsw an a .

S P E C IE S % N O % W T % F O IR I % IR I R A N K IN G

Schilbe intermedius 3 9 .0 46 .8 100 8575 4 7 .2 1

Marcusenius altisambesi 18.3 15.3 87.5 2 9 4 2 16.2 2

Brycinus lateralis 2 5 .0 0.8 100 2 5 7 6 14.2 3

Clarias gariepinus 2 .6 0 22 .5 93.8 2355 13.0 4

Clarias ngamensis 1.08 4 .5 2 68.8 385 2 .1 2 5

Hepsetus cuvieri 1.42 2 .1 4 87.5 311 1.71 6

Pharyngochromis acuticeps 2.91 0 .2 93.8 291 1.60 7

Enteromius barnardi 2 .3 6 0 .0 2 56.3 134 0 .74 8

Oreochromis andersonii 0 .5 7 1.11 62.5 105 0.58 9

Serranochromis angusticeps 0.71 1.33 50.0 102 0 .56 10

Coptodon rendalli 0 .5 7 0 .7 6 62.5 83.3 0 .46 11

Petrocephalus longicapitis 1.86 0.01 43 .8 81 .6 0.45 12

Sargochromis giardi 0 .3 4 0 .9 7 31.3 4 0 .9 0.23 13

Hydrocynus vittatus 0 .2 7 1.1 2 5 .0 3 4 .4 0 .19 14

Oreochromis macrochir 0 .3 0 0 .4 4 43 .8 3 2 .6 0 .18 15

Sargochromis condringtonii 0.41 0 .5 4 2 5 .0 23 .5 0.13 16

Tilapia sparrmanii 0.61 0 .0 4 31.3 20.3 0.11 17

Serranochromis
0 .2 4 0.21 37.5 16.9 0 .09 18

macrocephalus

Enteromius paludinosus 0 .4 4 0.01 31.3 14.1 0 .08 19

Serranochromis altus 0 .1 7 0.63 12.5 9 .9 7 0.05 20

Mormyrus lacerda 0 .0 7 0 .3 6 12.5 5 .3 0 0.03 21

Pseudocrenilabrus philander 0 .2 4 0 .0 0 18.8 4 .5 2 0 .02 22

Enteromius unitaeniatus 0 .4 7 0.01 6.25 3 .0 2 0 .02 23

Sargochromis carlottae 0 .0 7 0 .0 6 12.5 1.60 0.01 24

Serranochromis thumbergi 0.03 0 .1 0 6.25 0.85 0 .00 25
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S a v u t i  M a r s h

In  e x p e r im en ta l g illn e t ca tch es, a  to ta l o f  2 8 1 2  fish  w e ig h in g  3 9 9  k g  an d  c o m p ris in g  sev en  fa m ilie s  

an d  2 4  sp ec ie s  w e re  sam p led  in  16 n ig h ts  (T ab le  3 .3 ). C ic h lid s  w e re  w e ll re p re se n te d  (5 0 % ). T h e  

m o s t n u m e ro u s  sp ec ie s  w a s  M o m y rid a e  M. altisambesi (3 7 .7 % ) w h ile  C. gariepinus c o n trib u te d  

th e  b u lk  o f  th e  w e ig h t (5 4 .4 % ). T h e  fiv e  m o s t im p o r ta n t sp ec ie s  a c c o u n tin g  fo r  9 0 .5 %  IR I w e re  

C. gariepinus (3 9 .5 % ), M. altisambesi (3 0 .2 % ), S. intermedius (8 .4 2 % ), E. paludinosus (6 .7 % ) 

an d  B. lateralis (5 .7 % ).

T A B L E  3 .3 .  E x p e rim e n ta l g illn e t c a tc h  c o m p o s itio n  in  p e rc e n ta g e  n u m b e rs  (% N O ), p e rc e n ta g e  

w e ig h t (% W T ) an d  p e rc e n ta g e  fre q u e n c y  o f  o c c u rre n c e  (% F O ) an d  p e rc e n ta g e  in d e x  o f  re la tiv e  

im p o rta n c e  (% IR I) o f  all sp ec ie s  sam p led  in  S av u ti R iv e r  an d  m a rsh  b e tw e e n  S e p te m b e r 2 0 1 4  and  

A p ril 2 0 1 5  in  C h o b e  D is tric t, B o tsw a n a .

S P E C IE S % N O % W T % F O IR I % IR I R A N K IN G

Clarias gariepinus 7.11 54 .4 100 6 1 4 7 39 .5 1

Marcusenius altisambesi 3 7 .7 20.1 81.3 4 6 9 9 3 0 .2 2

Schilbe intermedius 10.2 5 .88 81.3 1310 8 .42 3

Enteromius paludinosus 18.1 0 .3 2 56.3 1034 6.65 4

Brycinus lateralis 17.2 0.61 50.0 891 5.73 5

Clarias ngamensis 1.46 5.55 50.0 350 2 .2 5 6

Oreochromis andersonii 1.28 3 .1 7 68 .8 306 1.97 7

Hepsetus cuvieri 0 .60 4.01 56.3 2 6 0 1.67 8

Enteromius poechii 2.81 0 .3 7 75.0 2 3 9 1.53 9

Oreochromis macrochir 1.14 2 .3 4 56.3 195 1.26 10

Serranochromis macrocephalus 0 .5 7 0.63 50.0 59.8 0 .3 8 11

Hydrocynus vittatus 0 .14 0 .7 6 18.8 16.9 0.11 12

Tilapia sparrmanii 0 .39 0 .1 0 2 5 .0 12.3 0 .0 8 13

Pharyngochromis acuticeps 0 .36 0 .1 0 2 5 .0 11.5 0 .0 7 14

Serranochromis altus 0.11 0 .6 6 12.5 9.53 0 .0 6 15

Sargochromis condringtonii 0 .14 0 .15 18.8 5 .42 0.03 16

Serranochromis angusticeps 0 .0 7 0 .2 7 12.5 4 .3 2 0.03 17

Pseudocrenilabrus philander 0.25 0.01 12.5 3 .18 0 .0 2 18

Coptodon rendalli 0 .0 7 0 .18 12.5 3 .08 0 .0 2 19

Serranochromis thumbergi 0 .04 0 .1 6 6.25 1.25 0.01 20

Cyphomyrus cubangoensis 0.11 0 .0 6 6.25 1.05 0.01 21

Sargochromis giardi 0 .04 0 .1 2 6.25 0 .99 0.01 22

Mormyrus lacerda 0 .04 0 .08 6.25 0 .72 0 .0 0 23

Hippopotamyrus szaboi 0 .04 0 .0 0 6.25 0 .22 0 .0 0 24
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O rd in a tio n  p lo ts  re v e a le d  th a t th e  fish  fa u n a  o f  th e  C h o b e  R iv e r  is  d is tin c t fro m  th a t o f  Z ib a d ia n ja  

L a g o o n  an d  Savu ti r iv e r  an d  m arsh . T h e  P C A  re v e a le d  th a t th e  c o m m u n itie s  o f  th e  th re e  sam p lin g  

a reas  can  b e  g ro u p e d  in to  th re e  d is tin c t sp ec ie s  a sse m b la g e s  (F ig u re  3 .1 ). T h e  C h o b e  R iv e r  w as  

d is tin g u ish e d  b y  P e trocepha lu s  spp , En terom ius  rad ia tus, H ydrocynus  v itta tu s  an d  Cyphom yrus  

cubangoensis . S p ec ies  c h a ra c te ris tic  to  th e  C h o b e  R iv e r  w e re  Labeo  cylindricus, L abeo  lunatus, 

Parauchenog lan is  ngam ensis, S ynodon tis  sp ec ie s  an d  En terom ius  bifrenatus. T h e  fish  c o m m u n ity  

in  Z ib a d ia n ja  L a g o o n  w a s  d is tin g u ish e d  b y  th e  a b u n d an c e  o f  Sch ilbe  in term edius, C optodon  

renda lli, H epse tu s  cuveiri  an d  Pharyngochrom is  acu ticeps. T h e  S av u ti R iv e r  f ish  c o m m u n ity  w as  

c h a ra c te rise d  b y  th e  p re se n c e  o f  E n terom iu spo ech ii, O reochrom is anderson ii, C larias gariep inus  

an d  C larias ngamensis.

CAP1

Station

^  Chobe 

▼  Zibadianja

Savuti

F ig u r e  3 .1 .  F ish  a sse m b la g e  s tru c tu re  o f  e x p e r im en ta l g illn e ts  u s in g  P C A  sh o w in g  d is tin c tiv e  

d iv e rs ity  b e tw e e n  C h o b e  R iv e r , Z ib a d ia n ja  L a g o o n  an d  S av u ti R iv e r  sam p led  b e tw e e n  S e p te m b e r 

2 0 1 4  an d  A p ril 2 0 1 5  in  C h o b e  D is tric t, B o tsw a n a . O A N D =  O reochrom is andersonii, C G A R =  

C larias gariep inus, C N G A =  C larias ngamensis, H E C U =  H epse tu s  cuvieri, C R E N =  Coptodon  

rendalli, E P O E =  En terom ius  poech ii, E R A D =  En terom iu s  radia tus, H V IT =  H ydrocynus  vittatus, 

P A C U =  Pharyngochrom is acuticeps, L L U N =  Labeo  lunatus, P A C U =  Pharyngochrom is  

acuticeps, P C A T =  Petrocepha lu s longicapitis, C C U B =  Cyphom yrus szaboi, S Y N N =  Synodon tis  

n igrom acula tus, S Y N S =  Synodon tis  spp.
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S p e c i e s  r ic h n e s s  a n d  d iv e r s i t y

T h e  S h a n n o n -W ie n e r  d iv e r s i ty  (H ')  a n d  e v e n n e s s  (J') in d ic e s  fo r  t h e  th r e e  lo c a l i t ie s  are  

s u m m a r is e d  in  T a b le  3 .4 . T h e  r e s u lt  d id  n o t  su p p o r t th e  h y p o t h e s is  th a t f i s h  d iv e r s i ty  in  e x p lo i te d  

a rea s  w a s  lo w e r  th a n  in  p r o te c te d  areas. T h e  C h o b e  R iv e r  a n d  a s s o c ia t e d  f lo o d p la in s  w a s  th e  

r ic h e s t  (3 1  s p e c ie s ) ,  f o l lo w e d  b y  Z ib a d ia n ja  L a g o o n  (2 5  s p e c ie s ) ,  a n d  th e  S a v u ti R iv e r  a n d  m a rsh  

( 2 4  s p e c ie s ) .  T h e  m o s t  s p e c ie s -r ic h  f a m ily  at e v e r y  s ta t io n  w a s  C ic h l id a e  w it h  13 s p e c ie s  in  th e  

Z ib a d ia n ja , 12  s p e c ie s  in  th e  S a v u ti R iv e r , a n d  t e n  s p e c ie s  in  th e  C h o b e  R iv e r . T h e  C y p r in id a e  

f a m ily  w a s  th e  s e c o n d  m o s t  s p e c ie s -r ic h  w it h  s e v e n  s p e c ie s  in  th e  C h o b e  R iv e r ,  th r e e  s p e c ie s  in  

Z ib a d ia n ja  L a g o o n  a n d  t w o  s p e c ie s  in  th e  S a v u ti R iv e r .

T h e  S h a n n o n -W ie n e r  d iv e r s i ty  (H ')  r e v e a le d  h ig h e r  s p e c ie s  d iv e r s i ty  a n d  e v e n n e s s  at C h o b e  r iv er  

(H '2 .4 6 ;  J' 0 .7 2 ) ,  e v e n  th o u g h  n o t  s ig n i f ic a n t ly  h ig h e r  (K r u sk a l W a l l i s  T est; p > 0 .0 5 )  th a n  S a v u ti 

R iv e r  a n d  m a r sh  (H ' 1 .8 4 ;  J' 0 .5 8 )  a n d  th e  le a s t  d iv e r s e  b e in g  Z ib a d ia n ja  L a g o o n  (H '1 .7 9 ;  J '0 .5 6 ) .

T A B L E  3 .4 .  S h a n n o n -W ie n e r  d iv e r s i ty  (H ')  a n d  e v e n n e s s  (J ') in d ic e s  fo r  th e  th r e e  s ta t io n s

I n d ic e s C h o b e  R iv e r Z ib a d ia n ja  L a g o o n S a v u ti R iv e r  &  M a r sh

H' 2 .4 6 1 .7 9 1 .8 4

J' 0 .7 2 0 .5 6 0 .5 8

R e l a t i v e  a b u n d a n c e

C o m p a r i s o n  b e t w e e n  t h r e e  e c o n o m ic a l ly  im p o r t a n t  la r g e  c i c h l id s

C o m p a r is o n s  b e t w e e n  %  N O , % W T  a n d  % F O  o f  th e  th r e e  la r g e  c ic h l id s  O. andersonii, O. 

m acroch ir  a n d  C. renda lli  are s h o w n  in  F ig u r e  3 .2 .  In  a ll c a s e s ,  th e  t h r e e - s p e c ie s  o c c u r r e d  in  th e  

f e w e s t  c a tc h  s a m p le s  a n d  c o n tr ib u te d  le s s  t o  th e  to ta l n u m b e r  a n d  b io m a s s  o f  th e  c a tc h  in  e x p lo i te d  

a rea s  th a n  in  th e  p r o te c te d  areas. T h is  o b s e r v a t io n  su p p o r ts  th e  h y p o t h e s is  th a t t h e s e  la r g e  c ic h lid s  

c o n tr ib u te  m o r e  t o  th e  s p e c ie s  c o m p o s i t io n  in  p r o te c te d  a rea s  a n d  are  m o r e  a b u n d a n t in  p r o te c te d
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a reas  th a n  in  e x p lo ite d  areas. T h is  h y p o th e s is  w a s  su b se q u e n tly  te s te d  o n  th e  b a s is  o f  C a tch  P e r  

U n it E ffo rt.

F ig u r e  3 .2 .  C o m p a riso n  b e tw e e n  th re e  r iv e r  sy s te m s  sh o w in g  v a r ia tio n  in  % N O , % W T  an d  % F O  

fo r  th re e  la rg e  im p o r ta n t c ich lid s

T h e  m e a n  C a tch  P e r  U n it E ffo r t (C P U E ) b y  n u m b e rs  fo r  c u m u la tiv e  c a tc h e s  fo r  all sp ec ie s  d id  n o t 

d iffe r  s ig n ific a n tly  b e tw e e n  th e  th re e  a reas  (K ru sk a l W a llis  T est; p > 0 .0 5 ) an d  th e  m e a n  (± s tan d a rd  

d e v ia tio n ) w a s  139 ±  70 fish /n e t. n ig h t-1 a t th e  C h o b e  R iv e r; 186 ±  135 fish /n e t. n ig h t-1 at 

Z ib a d ia n ja  L a g o o n  an d  176 ±  147 fish /n e t. n ig h t-1 a t S av u ti R iv e r  (F ig u re  3 .3 ). A s  a  re su lt, th e  

h y p o th e s is  th a t f ish  w e re  g e n e ra lly  m o re  a b u n d a n t in  p ro te c te d  a reas  w a s  re jec ted .

M e a n  C P U E  b y  w e ig h t fo r  c u m u la tiv e  ca tc h e s  fo r  all sp ec ie s  d id  n o t d iffe r  s ig n if ic a n tly  b e tw e e n  

tw o  p ro te c te d  a reas  (K ru sk a l W a llis  T est; P < 0 .0 5 )  Z ib a d ia n ja  L a g o o n  (38  ±  31 k g /n e t.n ig h t-1 and  

S av u ti R iv e r /M a rsh  25 ±  19 k g /n e t.n ig h t-1) b u t b o th  w e re  s ig n if ic a n tly  h ig h e r  th a n  th e  C P U E  fo r  

e x p e rim en ta l g illn e ts  se t a t e x p lo ite d  C h o b e  R iv e r  C P U E  (6 ±  3 k g /n e t.n ig h t-1), (F ig u re  3 .4 ). W h e n  

c o m p a re d  w ith  eq u a l n u m e ric a l C P U E  s ig n if ic a n tly  h ig h e r  b io m a ss  su p p o rte d  th e  h y p o th e s is  th a t 

f ish  in  p ro te c te d  a reas  w e re  g e n e ra lly  la rg e r  th a n  th o se  o u ts id e  p ro te c te d  areas.
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C h o b e  R iv e r  Z ib a d ia n ja  S avu ti

L a g o o n  R iv e r/M a rsh

S a m p le d  s t a t io n

F ig u r e  3 . 3 . M e a n  C P U E  (N u m b e r)  ±  S .D  fish /n e t/  n ig h t an d  (w e ig h t)  ±  S. D  k g /n e t. n ig h t-1) 

b e tw e e n  s ta tio n s  sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2 0 1 5  in  C h o b e  d is tric t, B o tsw a n a

C h o b e  R iv e r  Z ib a d ia n ja  S avu ti

L a g o o n  R iv e r/M a rsh

S a m p le d  s t a t io n

F ig u r e  3 .4 .  M e a n  C P U E  (w e ig h t)  ±  S .D  k g /n e t/  n ig h t)  b e tw e e n  s ta tio n s  sam p led  b e tw e e n  

S e p te m b e r 2 0 1 4  an d  A p ril 2 0 1 5  in  C h o b e  d is tric t, B o tsw a n a

M e a n  C P U E  f o r  e c o n o m ic a l ly  im p o r t a n t  l a r g e  c ic h l id s  in  e x p e r im e n t a l  g i l ln e t s

A n a ly se s  o f  th e  m e a n  C P U E  fo r  la rg e  e c o n o m ic a lly  im p o r ta n t c ich lid s  g e n e ra lly  su p p o rte d  th e  

h y p o th e s is  th a t th e se  fish  w e re  m o re  ab u n d an t, an d  C P U E  h ig h e r, in  p ro te c te d  a reas  th a n  n o n -
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p ro te c te d  a reas  (F ig u re  3 .5 ). T h e  C P U E  fo r  th e  e x p e rim en ta l n e t se t in  C h o b e  R iv e r  c o n sis te n tly  

y ie ld e d  th e  lo w e s t C P U E ; (K ru sk a l-W allis : T u rk ey  te s t  p < 0 .0 5 ). T h e  m e a n  C P U E  o f  Oreochrom is  

anderson ii  w a s  h ig h e s t in  th e  S av u ti R iv e r  (0 .8  ±  0.8 k g /n e t.n ig h t-1), fo llo w e d  b y  Z ib a d ia n ja  

L a g o o n  (0 .4  ±  0.5 k g /n e t.n ig h t-1) an d  th e  C h o b e  R iv e r  (0 .0 0 2  ±  0 .0  k g /n e t.n ig h t-1).

T h e  m e a n  C P U E  fo r  O reochrom is m acroch ir  a lso  d iffe red  s ig n if ic a n tly  b e tw e e n  r iv e r  sy stem s 

(A N O V A : P < 0 .0 5 )  b e in g  h ig h e r  in  S av u ti R iv e r  (0 .6  ±  1.2 k g /n e t.n ig h t-1) an d  Z ib a d ia n ja  L a g o o n  

(0 .2  ±  0 .2  k g /n e t.n ig h t-1) th a n  in  th e  C h o b e  R iv e r  (0 .01  ±  0 .0 2  k g /n e t.n ig h t-1).

T h e  m e a n  C P U E  fo r  Coptodon  renda lli  w a s  s ig n ific a n tly  h ig h e r  (A N O V A : P < 0 .0 0 1 )  a t Z ib a d ia n ja  

L a g o o n  (0 .3  ±  0.3 k g /n e t.n ig h t-1) th a n  in  th e  S av u ti R iv e r  (0 .0 4  ±  0 .1 2  k g /n e t.n ig h t-1) an d  in  th e  

C h o b e  R iv e r  (0 .0 0 0 1  ±  0 .0 0 5  k g /n e t.n ig h t-1).

■  C h o b e  R iv e r  ■  Z i b a d i a n j a  la g o o n  ■  S a v u t i  R iv e r

F ig u r e  3 . 5 . E x p e rim e n ta l g illn e t C P U E  b y  w e ig h t fo r  O reochrom is andersonii, O reochrom is  

m acroch ir  an d  Coptodon  renda lli in  th e  C h o b e  R iv e r, S av u ti R iv e r  an d  th e  Z ib a d ia n ja  L a g o o n  in  

C h o b e  d is tric t, B o tsw a n a  sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2015 .
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3 .4  D i s c u s s i o n

F is h  a s s e m b la g e  s t r u c t u r e

S p e c ie s  d iv e r s i ty  a n d  r ic h n e s s  in  e x p lo i te d  a rea s  w e r e  h ig h e r  th a n  th e  d iv e r s i ty  a n d  r ic h n e s s  in  

p r o te c te d  area s , th e r e fo r e  th e  h y p o t h e s is  th a t e x p lo i ta t io n  r e d u c e s  s p e c ie s  d iv e r s i ty  w a s  r e je c te d . 

H o w e v e r ,  s p e c ie s  d iv e r s i ty  a n d  r ic h n e s s  m a y  d i ff e r  d u e  t o  h a b ita t  d i f f e r e n c e  a n d  n o t  n e c e s s a r i ly  

d u e  to  p r o te c te d  area s . F u r th erm o re , th e  a s s e m b la g e  s tru ctu re  s h o w s  m in im a l  a lte r a tio n , w h ic h  

m a y  b e  a ttr ib u ta b le  t o  v a r ia t io n  in  f i s h  h a b ita t  a n d  h y d r o lo g ic a l  v a r ia b i li ty  ra th er  th a n  e x p lo i ta t io n .  

F is h  d is tr ib u tio n  a n d  a b u n d a n c e  are a f fe c t e d  b y  th e  fr a g m e n ta tio n  a n d  a lte r a tio n  o f  h a b ita t  (K ir a ly  

e t  a l., 2 0 1 4 ) .  F o r  e x a m p le ,  r e s id e n t  f i s h  m o v e m e n ts  are im p e d e d  b y  d a m s, r iv e r  ca p tu re , b r id g e s  

a n d  ra p id s , r e s u lt in g  in  c h a n g e s  t o  f i s h  a s s e m b la g e  stru ctu re  th r o u g h  is o la t io n  a n d  r e s tr ic t io n  o f  

a c c e s s  t o  h a b ita ts  e s s e n t ia l  t o  f i s h  at d if fe r e n t  l i f e  s ta g e s  (P o r to  e t  a l., 1 9 9 9 ) . H is t o r ic a l ly ,  th e  C h o b e  

R iv e r  a n d  L in y a n t i R iv e r  m a y  h a v e  b e e n  o n e  r iv e r  s y s t e m  b u t sep a r a te d  d u e  t o  r iv e r  c a p tu re  c a u s e d  

b y  fa u lt in g  ( M o o r e ,  1 9 9 9 ;  M o o r e  &  L a rk in , 2 0 0 1 ;  M o o r e  e t  a l., 2 0 0 7 ) .  T h is  a ls o  c o n c u r s  w it h  th e  

n o t io n  th a t K w a n d o -L in y a n t i ,  Z a m b e z i - C h o b e  a n d  th e  O k a v a n g o  are in  p e r io d ic  c o n f lu e n c e  

d u r in g  h ig h  f lo o d s ,  a l lo w in g  im m ig r a t io n  o f  s p e c ie s  t o  o c c u r  (v a n  d er  W a a l, 1 9 8 0 ;  C u r tis  e t  a l., 

1 9 9 8 ;  V a r ia s  e t  a l., 2 0 0 8 ) .  T h e  p r e s e n c e  o f  c o m m o n  f i s h  s p e c ie s  a c r o s s  d i ffe r e n t  r iv e r s  i s  e v id e n c e  

o f  in te r c o n n e c t io n  a n d  e a r ly  l in k s  b e t w e e n  d r a in a g e s  ( S k e lt o n ,  1 9 9 3 ;  M o o r e  e t  a l., 2 0 0 7 ) .  F o r  

e x a m p le ,  th e  d is tr ib u tio n  o f  H ydrocynus  v itta tu s  in  th e  Z a m b e z i  s y s t e m  i llu s tr a te s  th e  c o m p le x  

g e o m o r p h o lo g ic a l  h is to r y  o f  th e  Z a m b e z i  s y s t e m  ( T w e d d le ,  2 0 1 0 ) .  T h is  i s  b e c a u s e  H. v itta tu s  i s  

b e l ie v e d  t o  h a v e  o r ig in a te d  in  th e  C o n g o  B a s in ,  b u t  e n te r e d  th e  U p p e r  Z a m b e z i  v ia  th e  

K a s a i /U p p e r  Z a m b e z i  r iv e r  c a p tu re  ( M o o r e  e t  a l., 2 0 0 7 ) .

S p e c i e s  r ic h n e s s  a n d  d iv e r s i t y

S p e c ie s  r ic h n e s s  a n d  d iv e r s i ty  v a r ie d  b e t w e e n  r iv e r  s y s t e m s ,  w it h  C h o b e  R iv e r  b e in g  th e  m o s t  

s p e c ie s -r ic h  (3 1  s p e c ie s ) ,  f o l lo w e d  b y  Z ib a d ia n ja  L a g o o n  ( 2 5  s p e c ie s )  a n d  S a v u ti R iv e r  ( 2 4  

s p e c ie s ) .  T h e  c lo s e  d iv e r s i ty  a n d  r ic h n e s s  o f  th e  Z ib a d ia n ja  L a g o o n  a n d  S a v u ti R iv e r  s p e c ie s  s h o w s  

th e ir  h y d r o lo g ic a l  c o n n e c t io n .

T h e r e  i s  a  r e la t io n s h ip  b e t w e e n  h a b ita t  s iz e  a n d  n u m b e r  o f  s p e c ie s  g lo b a l ly  (S m ith ,  1 9 8 1 ) .  T h is  

e x p la in s  w h y  n a rro w , s h a l lo w e r  s tr e a m s  l ik e  S a v u ti R iv e r  a n d  m a r sh  h a v e  lo w e r  s p e c ie s  d iv e r s i ty  

a n d  r ic h n e s s  th a n  la r g e , d iv e r s e  a n d  m o r e  s tr u c tu r a lly  c o m p le x  h a b ita ts  s u c h  a s  th e  Z a m b e z i -C h o b e
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a n d  K w a n d o -L in y a n t i  r iv e r  s y s t e m s .  F u r th erm o re , in te r m itte n t  f lo w s  in  S a v u ti m a y  g e n e r a te  lo w  

s p e c ie s  r ic h n e s s  ( O b e r d o r f f  e t  a l., 1 9 9 5 ) . S p e c ie s  r ic h n e s s  i s  s tr o n g ly  r e la te d  t o  b a s in  s iz e ,  

( W e lc o m m e , 1 9 8 5 )  a n d  p a ttern s  o f  v a r ia t io n  in  r ic h n e s s  o f  a s s e m b la g e s  are  in f lu e n c e d  b y  

lo n g i tu d in a l  p o s it io n  in  a  w a te r  s h e d , b y  r e g io n a l d iv e r s i ty  a n d  b y  s iz e  o f  lo c a l  h a b ita t. T h is  

e x p la in s  w h y  P e e l  ( 2 0 1 2 )  r e c o r d e d  h ig h e r  d iv e r s i ty  in  r iv e r  s y s t e m s  ( K w a n d o  a n d  Z a m b e z i )  th a n  

in  L a k e  L ia m b e z i . S u b s e q u e n t  s tu d y  b y  S im a s ik u  ( 2 0 1 4 )  a ls o  r e c o r d e d  h ig h e r  d iv e r s i ty  in  th e  

K a v a n g o  f lo o d p la in  ( 2 4  s p e c ie s ) ,  th a n  th e  18  s p e c ie s  in  L a k e  L ia m b e z i .

E x p e r im e n ta l g i l ln e t  D W N P  d a ta  ( 2 0 0 6 - 2 0 1 2 )  r e c o r d e d  5 0  s p e c ie s  in  th e  C h o b e  R iv e r  e x c lu d in g  

th e  ra p id s, 3 7  s p e c ie s  at K w a n d o -L in y a n t i  e x c lu d in g  Z ib a d ia n ja  L a g o o n  a n d  2 9  s p e c ie s  at th e  

S a v u ti R iv e r  a n d  m a rsh . T h e r e fo r e , lo n g  term  m o n it o r in g  r e v e a ls  m o r e  s p e c ie s  r ic h  th a n  th e  cu rren t 

s tu d y  h e n c e  t im e  fa c to r s  c o u ld  h a v e  l im it e d  th is  stu d y . A t  K w a n d o -L in y a n t i  d iv e r s e  h a b ita t  

( f lo o d p la in ,  m a in  c h a n n e l, s id e  c h a n n e l )  w e r e  s a m p le d  o v e r  s ix  y e a r s  w h e r e a s  d u r in g  th is  s tu d y  

Z ib a d ia n ja  la g o o n  a lo n e  w a s  s a m p le d , a n d  th is  c o u ld  h a v e  l im ite d  th e  d iv e r s i ty  a n d  s p e c ie s  

r ic h n e s s  fo u n d . F o r  in s ta n c e ,  s p e c ie s  s u c h  a s  En terom ius  fa sc io la tu s , C. s tappersii a n d  S. robustu s  

w e r e  a b u n d a n t d u r in g  th e  D W N P  s u r v e y s  ( 2 0 0 6 - 2 0 1 2 )  w e r e  f o u n d  t o  b e  a b s e n t  in  th is  stu d y .

T h e  m o s t  s p e c io s e  f a m ily  in  th e  th r e e  s a m p le d  h a b ita ts  w e r e  th e  C ic h l id a e ,  w h i l e  C y p r in id a e  w a s  

th e  s e c o n d  m o s t  s p e c io s e  f a m ily .  T h e  h ig h e r  d iv e r s i ty  o f  c ic h l id s  h a s  b e e n  r e c o r d e d  b y  se v e r a l  

a u th o r s  in  th e  O k a v a n g o  D e l t a  ( S iz ib a  e t  a l., 2 0 1 1 )  a n d  in  L a k e  L ia m b e z i  (v a n  d er  W a a l,  1 9 8 0 ;  

P e e l ,  2 0 1 2 ;  S im a s ik u , 2 0 1 4 ) .  T h e  cu rren t s tu d y , th e r e fo r e , a g r e e s  w it h  s tu d ie s  b y  H a y  e t  a l. ( 2 0 0 2 ) ;  

N a e s j e  e t  al. ( 2 0 0 4 )  w h o  b o th  r e c o r d e d  C y p r in id a e  a n d  C ic h l id a e  b e in g  th e  m o s t  d iv e r s i f ie d  

f a m il ie s  in  th e  K w a n d o  a n d  K u n e n e  R iv e r s  r e s p e c t iv e ly .  T h e  cu rren t s tu d y , fo r  e x a m p le ,  in d ic a te s  

th a t Z ib a d ia n ja  L a g o o n  h a s  13 s p e c ie s  o f  c ic h l id s ,  S a v u ti R iv e r  a n d  m a r sh  h a s  12  s p e c ie s  an d  

C h o b e  R iv e r  t e n  c ic h l id  s p e c ie s .  N a e s j e  e t  a l. ( 2 0 0 4 )  r e c o r d e d  14  s p e c ie s  o f  th e  C ic h l id a e  f a m ily  

at K w a n d o  in  N a m ib ia  w h ic h  i s  c o m p a r a b le  w it h  s p e c ie s  r e c o r d e d  at Z ib a d ia n ja  L a g o o n .  

O v e r f is h in g  a n d  f i s h in g  p r e s su r e  i s  k n o w n  t o  a lter  s p e c ie s  c o m p o s i t io n  (G a r c ia  e t  a l., 2 0 0 3 ) .  F o r  

e x a m p le ,  in  L a k e  M a la w i /N y a s a ,  T w e d d le  a n d  T u rn er  ( 1 9 7 7 ) ,  a tte s te d  t o  c h a n g e s  in  s p e c ie s ’ 

c o m p o s i t io n  a n d  a  d e c l in e  in  d iv e r s i ty  a s  a  r e s u lt  o f  th e  in tr o d u c t io n  o f  tra w l f is h e r y  in  1 9 6 8 . In  

th is  s tu d y , th e  h y p o t h e s is  th a t f i s h  s p e c ie s  d iv e r s i ty  a n d  r ic h n e s s  w a s  lo w e r  in  f is h e d  a rea s  th a n  

u n f is h e d  a rea s , w a s ,  h o w e v e r ,  n o t  su p p o r te d . T h is  w a s  l ik e ly  b e c a u s e  th e  f i s h e r y  f o c u s s e s  o n  la r g e
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sp ec ies, w h ic h  w e re  lo w e r  in  a b u n d an c e  b u t n o t a b se n t fro m  th e  m o re  in te n se ly  fish e d  C h o b e  

R iv er.

C a t c h  c o m p o s i t io n

T h e  c a tc h  c o m p o s itio n  v a r ie d  b e tw e e n  r iv e r  sy stem s. A c co rd in g , to  B a lc o m b e  an d  A rth in g to n  

(2 0 0 9 ), v a ria tio n  in  f ish  c o m p o s itio n  can  b e  as a  re su lt o f  th e  in te rp la y  o f  c o lo n isa tio n , ex tin c tio n , 

c o m p e titio n , p re d a tio n , ch an g e s  to  h a b ita t s tru c tu re  an d  fo o d  re so u rc e s  in  th e  r iv e r  sy stem s. F o r  

ex am p le , th e  c u rre n t s tu d y  re fle c te d  an  a b u n d a n c e  o f  p re d a to rs  in  th e  c a tc h  c o m p o sitio n , e .g ., 

H ydrocynus  v itta tu s , Sch ilbe  in term ed ius  an d  C larias g a r iep inu s . P re d a tio n  is  o n e  o f  th e  k ey  

b io lo g ic a l fo rce s  s tru c tu rin g  ab u n d an c e , re c ru itm e n t, sp ec ie s  c o m p o sitio n , d iv e rs ity  an d  p re y  

b e h a v io u r  (C e cc a re lli &  A y lin g , 2 0 1 0 ). T h e re fo re , th e ir  lo ss  o r  re m o v a l a lte rs  th e  fu n c tio n in g  o f  

an  e co sy s tem  (W a rd  e t al., 2 0 0 1 ), re su ltin g  in  tro p ic  d o w n g ra d in g  o f  th e  e co sy s tem  (C e cc a re lli &  

A y lin g , 2 0 1 0 ). In  K e n y a  fo r  in s ta n ce , in c re a se d  f ish in g  in te n s ity  re su lte d  in  re d u c ed  sea  u rc h in  

p re d a to rs , h e n c e  a  p o p u la tio n  e x p lo s io n  o f  sea  u rc h in s  (T u d a  &  O m ar, 2 0 1 2 ). In  tu rn  th e  h ig h  

a b u n d a n c e  o f  sea  u rc h in s  le d  to  sc rap in g  o f  th e  co ra l ree fs , re d u c in g  th e ir  d iv e rs ity  an d  c o m p le x ity  

(M c C la n a h an , 1994). In  C h o b e  R iv e r , e x c lu d in g  th e  ra p id s  an d  K a v im b a  f lo o d p la in s , H. vitta tus  

d o m in a te d  th e  c a tch  c o m p o sitio n , w h e re a s  in  Z ib a d ia n ja  L a g o o n  S. in term ed ius  d o m in a te d  ca tch  

c o m p o s itio n  an d  in  S avu ti C. gariep inus  d o m in a te d  c a tc h  th e  c o m p o sitio n . T h e  d o m in a n c e  o f  

p re d a to rs  h as  a lso  b e e n  re c o rd e d  in  th e  O k a v a n g o  D e lta  (M erro n , 1991; M o se p e le , 20 1 1 ; 

B o k h u tlo , 2 0 1 1 ). T h is  d o m in a n c e  o f  p re d a to rs  in  tro p ica l f ish  a sse m b lag e s  is  a ttr ib u te d  to  th e  

a m p le  fo o d  su p p ly  o f  a q u a tic  in v e rte b ra te  (W e lco m m e, 1979). T h is  is  b e c a u se  m a c ro in v e r te b ra te  

d e n s ity  is  o ften  a sso c ia te d  w ith  s tag n a n t o r  s lo w  w a te r  v e lo c ity  (R o lls  e t a l., 2 0 12).

T h e  re la tiv e ly  h ig h  a b u n d an c e  o f  H. v itta tu s  an d  C la riid  c a tf ish e s  in  th e  C h o b e  D is tr ic t  co u ld  b e  

a ttr ib u te d  to  sev era l fac to rs . F o r  ex am p le , b o th  sp ec ie s  a re  n o t p rim e  ta rg e te d  sp ec ie s  b y  

c o m m e rc ia l fish e rm e n . T h e  H. v itta tu s  is  h ig h ly  m o b ile  an d  a p p ea rs  le ss  v u ln e ra b le  to  f ish in g  

p re ssu re  th a n  te rr ito ria l c ich lid s  b e c a u se  it  ra n g e s  o v e r la rg e  d is ta n ce s  an d  h as  h ig h  fe c u n d ity  

(M erro n , 1991; T w e d d le  e t al., 2 0 1 5 ). F o r  ex am p le , a  la rg e  fe m a le  m a y  h a v e  u p  to  7 8 0  0 0 0  o v a  

(S k e lto n , 2 0 0 1 ). T h e ir  h ig h  a b u n d an c e  is  a ttr ib u ta b le  to  h ig h  p re y  d e n s ity  an d  a  sp e c ie s-ric h  

e co sy s tem  (C ecca re lli &  A y lin g , 2 0 1 0 ). B y  w a y  o f  ex am p le , in  L a k e  K a rib a , th e  e x p an s io n  o f  th e  

K a p e n ta  p o p u la tio n  le d  to  a  h ig h  a b u n d an c e  o f  H. v itta tu s  (K en m iu r, 1984). T h is  is b e ca u se  

p re d a to rs  c o n c e n tra te  th e ir  e ffo rts  in  re g io n s  o f  h ig h e r  p re y  d e n sity  (H a sse ll, 1978; C o w ie  &
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K re b s , 1979). H ig h  a b u n d an c e  o f  H. v itta tu s  is  a lso  c o rre la ted  to  h a b ita t a n d  m e so h a b ita ts . F o r 

ex am p le , M e rro n  (1 9 9 1 ) p o s tu la te d  th a t w a te r  p e rm a n e n c y , d e p th  an d  f lo w  are  so m e o f  th e  m a jo r  

e co lo g ica l fa c to rs  lim itin g  th e  d is tr ib u tio n  o f  H. v itta tu s  and , th e re fo re , th e  p e re n n ia l C h o b e  R iv e r  

is  fa v o u ra b le  to  th is  sp ec ies. A lth o u g h  re s tr ic te d  to  C h o b e  R iv e r, d u rin g  h ig h  in u n d a tio n s  b e tw e e n  

M a rc h  an d  M ay , th e ir  d is tr ib u tio n  s tre tch e s  as fa r  as K a v im b a  flo o d p la in s  (B a k an e  pers . obs.). 

T h e se  fin d in g s  a re  c o n s is te n t w ith  M e rro n  (1 9 8 5 ) w h o  re c o rd e d  H. v itta tu s  as an  a p ex  p re d a to r  in  

th e  C h o b e  R iv e r  f lo o d p la in s . H. v itta tu s  is  an  im p o r ta n t sp ec ie s  fo r  a n g lin g  in  C h o b e  d is tr ic t 

(B a k an e  pers. obs.).

T h e  tw o -sm a ll sp ec ies, B ryc inu s  la tera lis  an d  En terom ius  rad ia tu s  w e re  n u m e ric a lly  h ig h ly  

a b u n d a n t in  C h o b e  R iv e r  as p re y  fo r  p re d a c io u s  sp ec ie s  an d  w e re  th ird  an d  fif th  a cc o rd in g  to  % IR I. 

S im ila rly , S im as ik u  (2 0 1 4 ) fo u n d  A le s tid a e , m a in ly  Rhabda les tes  m aunensis  an d  B. lateralis, a lso  

re la tiv e ly  a b u n d a n t in  L a k e  L ia m b e z i, w h ile  (P ee l e t al., 2 0 1 6 ) in  a  re c e n t s tu d y  re p o rte d  

o v e rw h e lm in g  d o m in a n c e  (C P U E = 4 4 1  fish  n e t-1 n ig h t-1) o f  B. la tera lis  in  th e  sam e  lake . T h e  

D W N P  d a ta  (2 0 0 6 -2 0 1 2 )  in d ic a te d  an  a b se n c e  o f  H. v itta tu s  in  K w a n d o -L in y a n ti an d  S av u ti R iv e r  

an d  th e y  h a v e  n e v e r  b e e n  th o u g h t to  b e  p re se n t in  th a t sy stem . P ee l (2 0 1 2 ) an d  S im as ik u  (2 0 1 4 ) 

a lso  re c o rd e d  a b se n c e  o f  th is  sp ec ie s  in  L a k e  L iam b e z i. T h is  is  b e c a u se  d u rin g  D W N P  su rv ey s  

(2 0 0 6 -2 0 1 2 ) , Z ib a d ia n ja  L a g o o n  w a s  n o t sam p led . O n ly  th e  flo o d p la in s  an d  th e  m a in  ch an n e l 

w e re  sam p led . D u rin g  th is  s tu dy , H. v itta tu s  w a s  sam p led  in  th e  Z ib a d ia n ja  L a g o o n  an d  th e  S avu ti 

R iv e r, a lb e it ra re ly  % F O <  S av u ti 18.8 %  an d  Z ib a d ia n ja  2 5 % . H is to ric a lly , M e rro n  (1 9 8 9 a ) 

re c o rd e d  its  h ig h  a b u n d an c e  in  th e  K w a n d o  R iv e r , w h e re  it  d o m in a te d  th e  ic h th y o fa u n a  (6 9 % ) o f  

th e  to ta l b io m a ss . O n e  c o u ld  th e n  a rg u e  th a t th e  p re se n c e  o f  H. v itta tu s  in  Z ib a d ia n ja  L a g o o n  

re su lts  fro m  im m ig ra tio n  fro m  th e  K w a n d o  s id e  ra th e r  th a n  th e  C h o b e  R iv e r. F o r  ex am p le , a 

su b se q u e n t s tu d y  b y  N a e s je  e t al. (2 0 0 4 ) a t K w a n d o  R iv e r  in  N a m ib ia  a tte s te d  to  it b e in g  th e  m o s t 

im p o r ta n t sp ec ie s  acco rd in g , to  %  IR I. M e rro n  (1 9 9 1 ) an d  M e rro n  &  B ru to n  (1 9 8 8 ) o b se rv ed  th a t 

a lth o u g h  H. v itta tus  is  m o s tly  a  m a in  ch an n e l sp ec ies, i t  in h a b its  la rg e  la g o o n s  (o x -b o w  la k es  and  

la g o o n s)  c o n n ec te d  to  th e  m a in  ch an n e l, w h ic h  c o u ld  e x p la in  its  p re se n c e  in  Z ib a d ia n ja  L ag o o n . 

T h e  p e rm a n e n t c o n n e c tio n  o f  th e  Z ib a d ia n ja  L a g o o n  to  th e  m a in  c h an n e l im p lie s  th a t d u rin g  

seaso n a l im m ig ra tio n , H. v itta tu s  e x erts  p re d a tio n  p re ssu re  o n  th e  la g o o n  (W e lco m m e, 1985).

Sch ilbe  in term ed ius  d o m in a te d  th e  Z ib a d ia n ja  L a g o o n  an d  its  p e rip h e rie s , e sp e c ia lly  a t th e  m o u th  

o f  th e  S avu ti c h an n e l th a t b ra n c h e s  fro m  th e  Z ib a d ia n ja  L ag o o n . Its  d o m in a n c e  h as  b e e n  re c o rd e d
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b y  D W N P  S u rv ey s  (2 0 0 6 -2 0 1 2 )  a t K w a n d o -L in y a n ti, B o k h u tlo  (2 0 1 1 ) in  O k a v a n g o  b y  M o se p e le  

e t al. (2 0 1 1 ) in  fo u r  la g o o n s  in  O k a v a n g o  D e lta , P ee l (2 0 1 2 ) in  L a k e  L iam b e z i an d  H a y  e t al. 

(2 0 0 8 ), H a y  e t al. (2 0 0 0 ) in  K u n e n e  an d  K a v a n g o  re sp ec tiv e ly . T h e  h ig h  a b u n d a n c e  o f  S. 

in term ed ius  in  Z ib a d ia n ja  L a g o o n  m a y  b e  lin k e d  to  th e  lo w e r  a b u n d an c e  o f  H. v itta tu s . P ee l (2 0 1 2 ) 

o b se rv ed  th a t u n d e r  lo w e r  p re d a tio n  p re s su re  fro m  H. v itta tu s , S. in term ed ius  o r H. cuvieri m ay  

o c cu p y  th e  v a c a n t n ic h e  w h ile  P e try  e t al. (2 0 0 3 ) c o n te n d e d  th a t o p p o rtu n is tic  f ish  sp ec ie s  in  U p p e r  

P a ra n a  f lo o d p la in s  p e rfo rm  e x c e p tio n a lly  w e ll in  lag o o n s. T h is  m a y  e x p la in  in  p art, th e  a b u n d an c e  

o f  S. in term ed ius  in  Z ib a d ia n ja  L a g o o n  in  th is  s tu dy . H o w ev e r, th e  h ig h  lev e l o f  a b u n d a n c e  and  

d o m in a n c e  o f  S. in term ed ius  m ay  b e  a ttr ib u te d  to  its  h ig h  fe c u n d ity  (1 3 5 0 0 0  eg g s  fo r  a  2 2 1 m m  

fish ) (M o n tc h o  e t a l., 2 0 1 1 ).

C larias ga riep inus  d o m in a te d  c a tch  in  th e  S av u ti R iv e r  an d  m a rsh  w ith  1 00%  F O . T h is  is  b e c a u se  

as th e  Savu ti R iv e r  is  su b jec te d  to  e p iso d ic  flo w s, an d  th e  o n ly  sp ec ie s  th a t su rv iv e s  a re  ca tfish es . 

C a tf ish e s  a re  a d a p te d  to  e n d u re  h a b ita t d e s ic c a tio n  (W a rd  &  S ta n fo rd , 1995). T h ey  su rv iv e  b y  

b u rro w in g  in to  th e  m u d  an d  u n d e rg o in g  a es tiv a tio n  d u rin g  d e s ic c a tio n , as in  L a k e  L iam b e z i, C h ad  

an d  L a k e  C h ilw a  (M erro n , 1989a; F u rse  e t a l., 1979; L a n c as te r, 1979). T h is  e x p la in s  w h y  ca tf ish es  

a re  a m o n g  th e  p io n e e r  sp ec ie s  to  re p o p u la te  th e  r iv e rs  d u rin g  f lo o d  re su rg en c e . A s  a  su rv iv a l 

s tra teg y  d u rin g  th e  d ra w d o w n  p e rio d s  c a tf ish e s  in  th e  O k a v a n g o  h u n t in  p a c k s  w h e n  flo o d  w a te rs  

a rriv e  (B o k h u tlo , 2 0 1 1 ).

T h e  la rg e  im p o r ta n t c ic h lid s  a re  th e  m a in  ta rg e t sp ec ie s  fo r  c o m m e rc ia l, su b s is te n c e  and  

re c rea tio n a l f ish in g  in  th e  C h o b e  D is tr ic t  th a n  th e  p re d a to rs , an d  th e re fo re  d e p le tio n  b y  f ish in g  is 

th e  m o s t n o tic e a b le  fo r  th e se  sp ec ies. C o m m e rc ia l f ish e rm e n  re g a rd  p re d a to rs  as le s s  v a lu e  sp ec ie s  

an d  as b y c a tc h  b e c a u se  th e y  d o  n o t c o m m a n d  a  b e tte r  p ric e  in  th e  m a rk e t as la rg e  c ich lid s. 

C a tf ish e s  a re  o ften  d isca rd e d  (B a k an e  pers . o b s .)  as e v id en c e d  a lso  in  th e  O k a v a n g o  D e lta  

(B o k h u tlo , 2 0 1 1 ). H o w ev e r, p re d a to ry  sp ec ie s  su ch  as H. v itta tu s  are  im p o r ta n t fo r  rec rea tio n a l 

f ish e rm e n , an d  a re  o fte n  re le a se d  a fte r  c ap tu re  w ith  o n ly  a  fe w  la rg e  sp ec im e n s  k e p t fo r  m o u n tin g  

as tro p h ie s  (H ay  &  v a n  d e r  W aa l, 2 0 09).

R e la t iv e  a b u n d a n c e

T h e  re su lts  o f  th e  C a tch  P e r  U n it E ffo r t (C P U E ) c o m p a riso n  su p p o rte d  th e  h y p o th e s is  th a t fish  

c o m m u n itie s  in  p ro te c te d  a reas  c o n ta in e d  la rg e r  f ish  th a n  th e  e x p lo ite d  a reas . T h is  w a s  p a rtic u la rly
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e v id e n t  w h e n  c o m p a r in g  th e  r e la t iv e  a b u n d a n c e  o f  la r g e  h ig h - v a lu e  c ic h l id s  in , th e  e x p lo i te d  

C h o b e  R iv e r  t o  th e  l e s s  e x p lo i te d  Z ib a d ia n ja  L a g o o n  a n d  t o  th e  u n e x p lo it e d  S a v u ti m a rsh . T h is  

stu d y , th e r e fo r e , in d ic a te d  th a t  la r g e  h ig h - v a lu e  c ic h l id s  are in  c o n s ta n t  d e c lin e  b e c a u s e  o f  th e  

e f fe c t s  o f  a n th r o p o g e n ic  a n d  e n v ir o n m e n ta l p er tu r b a tio n s , a n d  t h e s e  c a n  r e s u lt  in  th e  c o m p le te  

c o l la p s e  o f  th e  f is h e r y  a s  e v id e n c e d  in  th e  C h a m b o  s to c k s  o f  L a k e  M a lo m b e  a n d  M a la w i  f is h e r y  

(B a n d a  e t  a l., 2 0 0 5 ) .

P r e v io u s  s tu d ie s  in  th e  r e g io n  h a v e  r e c o r d e d  a  lo w e r  m e a n  C P U E  o f  la r g e  c ic h l id s  o u t s id e  

p r o te c te d  a rea s  ( e .g .,  H a y  e t  a l., 2 0 0 0 ;  H a y  &  v a n  d er  W a a l.,  2 0 0 9 ) .  T h is  i s  a ttr ib u ted  t o  th e  in te n s e  

e x p lo i ta t io n  a n d  r e m o v a l o f  la r g e  im p o r ta n t  c ic h l id s ,  a g r e e in g  w it h  P e e l  e t  a l. ( 2 0 1 2 )  w h o  r ep o r ted  

th a t o u t s id e  th e  p r o te c te d  a rea s  in  a  la g o o n  e n v ir o n m e n t  o f  L u a m b im b a  R iv e r  o n  th e  B a r o ts e  

f lo o d p la in ,  e x p e r im e n ta l g i l ln e t  c a tc h e s  y ie ld e d  n o  a d u lt  s p e c im e n s  o f  a n y  e c o n o m ic a l ly  im p o r ta n t  

la r g e  c ic h l id s .  P r io r  t o  th e  cu rren t s tu d y , e x t r e m e ly  lo w  c a t c h e s  o f  la r g e  h ig h  v a lu e  c ic h l id s  in  th e  

Z a m b e z i  a n d  C h o b e  R iv e r  w e r e  a ls o  r e c o r d e d  b y  H a y  a n d  v a n  d er  W a a l ( 2 0 0 9 ) .  R e s e a r c h  

e ls e w h e r e  s h o w s  s im ila r  d e c lin e s  in  la r g e - b o d ie d  c ic h l id  s p e c ie s  in  th e  K a fu e  f la t s  f lo o d p la in s , 

L a k e  K a r ib a , Z a m b e z i , C h o b e  f lo o d p la in s  a n d  C en tra l B a r o t s e  f lo o d p la in s  ( T w e d d le  e t  a l., 2 0 1 5 ) .

T h e  r e s u lts  o f  h ig h e r  C P U E  fr o m  p r o te c te d  a rea s  are  c o n s is t e n t  w it h  o b s e r v a t io n s  fr o m  m a r in e  

e n v ir o n m e n ts . F o r  e x a m p le ,  C o w le y  e t  a l. ( 2 0 0 2 ) ,  r e c o r d e d  th a t C P U E  w a s  h ig h e r  in  T s its ik a m m a  

N a t io n a l  P a rk  th a n  in  o p e n  a c c e s s  areas. S e v e r a l fa c to r s  are  th o u g h t  to  h a v e  c o n tr ib u te d  t o  th e  

o b s e r v e d  d e c l in e .  H a y  a n d  v a n  d er  W a a l ( 2 0 0 9 ) ,  fo r  e x a m p le ,  c o n te n d e d  th a t la r g e  h ig h  v a lu e  

c ic h lid s  are s u s c e p t ib le  t o  f i s h in g  p r e s su r e  o u t s id e  p r o te c te d  a rea s  b e c a u s e  o f  th e ir  b e h a v io u r , as  

s c h o o l in g ,  n e s t in g ,  s p a w n in g  b e h a v io u r  a n d  a  s lo w  g r o w th  rate m a k in g  th e m  v u ln e r a b le  t o  ca p tu re . 

T h is  c o n c u r s  w it h  M e r r o n  ( 1 9 9 1 )  w h o  c o n te n d e d  th a t th e  b io lo g y  o f  c ic h l id s  su c h  a s  l o w  fe c u n d ity , 

m a k e s  th e m  s u s c e p t ib le  t o  e x p lo i ta t io n .  T h is  fu r th er  a g r e e s  w it h  A d a m s  e t  a l. ( 1 9 9 7 )  w h o  a rg u ed  

th a t s p e c ie s  w h ic h  p o s s e s s  a g g r e g a t iv e  b e h a v io u r , s e d e n ta r ity  a n d  te r r ito r ia lity  are v u ln e r a b le  to  

e x p lo i ta t io n .  R e g a r d in g  b e h a v io u r , t i la p iin e s  O. anderson ii, O. m acroch ir  a n d  C. renda lli are  

g e n e r a l ly  terr ito r ia l a n d  d e fe n d  th e ir  n e s ts ,  fo r m  s c h o o ls  a n d  e x h ib it  sh o r ter  m ig r a t io n s  r e la t iv e  to  

o th e r  s p e c ie s  (v a n  d er  W a a l, 1 9 8 5 ;  T h o rsta d  e t  a l., 2 0 0 7 ) .  H a y  a n d  v a n  d er  W a a l ( 2 0 0 9 ) ,  o b s e r v e d  

th a t in  th e  Z a m b e z i  R e g io n ,  O. anderson ii  a n d  O. m acroch ir  w e r e  s u s c e p t ib le  to  d ra g  n e tt in g  

d u r in g  th e  s p a w n in g  s e a s o n ,  w h e n  t h e s e  s p e c ie s  a g g r e g a te  in  s h a l lo w  h a b ita ts  a n d  f lo o d p la in s  to  

c o n s tr u c t  n e s ts .

6 8



T h e  r e la t iv e ly  la r g e  m o v e m e n t s  o b s e r v e d  in  O. anderson ii  m a y , o n  th e  o n e  h a n d  a l lo w  fo r  

r e c o lo n is a t io n  a n d  r e p le n ish m e n t  o f  th e  e x p lo i te d  p o p u la t io n  fr o m  le s s  e x p lo i te d  n e ig h b o u r in g  

p o p u la t io n s  ( N a e s je  e t  a l., 2 0 0 3 ) .  O n  th e  o th e r  h a n d , th e  sh o r ter  o b s e r v e d  h o m e  r a n g e s  o f  O. 

m acroch ir  c o u ld  m a k e  it  m o r e  s u s c e p t ib le  t o  e x p lo i ta t io n  a n d  l e s s  l ik e ly  t o  r e p le n ish  fr o m  

p r o te c te d  a rea s  (T h o r s ta d  e t  a l., 2 0 0 7 ) .  M o r e o v e r ,  f is h e r m e n 's  p r e fe r e n c e  fo r  h ig h - v a lu e  c ic h lid s  

m a k e s  h a r v e s t in g  v e r y  s e le c t iv e  a n d  in n o v a t iv e  fo r  c ic h l id s  r e s u lt in g  in  m o r e  ta r g e te d  p r e ssu r e  

( H a y  &  v a n  d er  W a a l, 2 0 0 9 ) .  T w e d d le  e t  a l. ( 2 0 1 5 )  p o in te d  o u t  th a t th e  in tr o d u c t io n  o f  

m o n o f ila m e n t  g i l ln e ts  fr o m  2 0 0 0 ,  r e p la c in g  m u lt i f i la m e n t  g i l ln e t s ,  h a s  fu r th er  in c r e a s e d  th e  e f fo r t  

p er  f is h e r m e n  w ith o u t  in c r e a s in g  th e  o v e r a ll  n e t  le n g th . In  B o t s w a n a ,  t h e s e  g i l ln e t s  are im p o r te d  

fr o m  Z a m b ia n  d e a le r s  at a  l o w  c o s t  (B a k a n e  p ers . o b s .) .  It i s  c le a r , th e r e fo r e , th a t i f  t h e s e  r e s o u r c e s  

r e m a in  u n m a n a g e d , th e y  w i l l  c o n s e q u e n t ly  c o l la p s e  a s  a  r e s u lt  o f  in t e n s e  e x p lo i ta t io n  b y  f is h e r m e n  

a s  t h e y  r a ce  t o  h a r v e s t  f i s h  in  an  o p e n  a c c e s s  s y s t e m  (H a r d in , 1 9 6 8 ;  S y m e s  &  C rea m , 1 9 9 5 ) .

P r o te c te d  a rea s  h a v e  s e v e r a l b e n e f it s .  F o r  e x a m p le ,  th e y  m a y  e n h a n c e  f is h e r ie s  in  a d ja c e n t  a rea s  

v ia  s p il lo v e r  e f f e c t s  b y  in c r e a s in g  la r v a l e x p o r t  in to  n e ig h b o u r in g  n o n -r e s e r v e  a rea s  a n d  a d u lt  f is h  

b io m a s s  (R o b e r ts  &  P o lu n in ,  1 9 9 1 ;  R o w le y ,  1 9 9 4 ;  C o t e  e t  a l., 2 0 0 1 ) .  T h e  N a t io n a l  P a r k s , G a m e  

R e s e r v e  a n d  C o n c e s s io n s  in  B o t s w a n a  m a y  th e r e fo r e  f u l f i l l  an  im p o r ta n t  r o le  in  f is h e r ie s  

m a n a g e m e n t .
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C H A P T E R  4 : A G E  A N D  G R O W T H  O F  T H R E E S P O T  T I L A P I A  O REO CH ROM IS  

A N D E R SO N II ,  G R E E N H E A D  T I L A P I A  O REO CH ROM IS  M A C RO C H IR  A N D  

R E D B R E A S T  T I L A P I A  CO PTODON  R E N D A L L I  I N  T H E  C H O B E  D I S T R I C T  O F  

B O T S W A N A

4 .1  I n t r o d u c t i o n

K n o w le d g e  o f  th e  a g e  a n d  g r o w th  rate o f  c o m m e r c ia l ly  im p o r ta n t  s p e c ie s  i s  e s s e n t ia l  fo r  f is h e r ie s  

c o n s e r v a t io n ,  m a n a g e m e n t  a n d  s u s ta in a b le  u t il is a t io n  ( B e a m is h  &  M c F a r la n e , 1 9 8 7 ;  J o n e s , 1 9 9 2 )  

b e c a u s e  k n o w le d g e  o f  a g e  a n d  g r o w th , a id s  in  an  im p r o v e d  u n d e r s ta n d in g  o f  fa c to r s  a f fe c t in g  th e  

r e c r u itm e n t p r o c e s s ,  w h i l e  in  a d u lt  f i s h  p o p u la t io n s ,  it  h e lp s  t o  d e te r m in e  th e  e f f e c t s  o f  f i s h in g  o n  

s to c k s ,  e f f ic a c y  o f  f i s h e r ie s  m a n a g e m e n t  p o l ic ie s ,  l i f e  h is to r y  e v e n t s  a n d  m a x im u m  s u s ta in a b le  

y ie ld s  (J o n e s , 1 9 9 2 ) .

F a c to r s  th a t in f lu e n c e  f i s h  m e ta b o l ic  ra te s  (te m p e r a tu r e , r e p r o d u c t io n  a n d  s p a w n in g )  are r e f le c te d  

in  th e  g r o w th  o f  c a lc i f ie d  s tru c tu res  s u c h  a s  s c a le s ,  o p e r c u la r  b o n e  a n d  o t o li th s  a s  a lte r n a tin g  

o p a q u e  a n d  h y a l in e  g r o w th  z o n e s  (C a m p a n a  &  N e i l s o n ,  1 9 8 5 ;  J o n e s , 1 9 9 2 ) .  T h e s e  g r o w th  z o n e s  

c a n  b e  u s e d  t o  d e te r m in e  a g e  w h ic h ,  w h e n  c o r r e la te d  w it h  le n g th , c a n  b e  u s e d  t o  d e te r m in e  g r o w th  

rate ( W e lc o m m e , 1 9 7 9 ;  H e c h t ,  1 9 8 0 a , b; W e y l  &  H e c h t ,  1 9 9 8 ;  J o n e s , 1 9 9 2 ) . A g e  a n d  g r o w th  o f  

e c o n o m ic a l ly  im p o r ta n t  c ic h lid s  h a s  b e e n  in v e s t ig a te d  u s in g  m o s t ly  s c a le s  ( D u d le y ,  1 9 7 4 ;  

K a p e ts k y ,  1 9 7 4 ;  v a n  d er  W a a l, 1 9 8 5 )  a n d  s e c t io n e d  o t o li th s  ( W e y l  &  H e c h t ,  1 9 9 8 ;  B o o t h  e t  a l., 

1 9 9 5 ;  B o o t h  &  M e r r o n , 1 9 9 6 ;  P e e l ,  2 0 1 2 ) .  S e c t io n e d  o t o li th s  are th e  p r e ferred  m ic r o s tr u c tu r e s  to  

a g e  f i s h  b e c a u s e  s c a le s  te n d  t o  u n d e r e s t im a te  lo n g e v i t y  a n d  th u s  o v e r e s t im a t in g  g r o w th  (H e c h t , 

1 9 8 0 a ;  C a r len d er , 1 9 8 7 ;  J o n e s , 1 9 9 2 ;  C a m p a n a  &  T h o rro ld , 2 0 0 1 ) .  In  th e  L u m p h e p e - N w a n e z i 

im p o u n d m e n t  in  S o u th  A f r ic a  fo r  e x a m p le ,  H e c h t  ( 1 9 8 0 ) ,  w o r k in g  o n  M o z a m b iq u e  t ila p ia  

O reochrom is m ossam bicus  r e p o r ted  th a t s c a le s  h a m p e r e d  a g e  a n d  g r o w th  e s t im a t io n  a s  a  r e s u lt  o f  

th e  d e p o s i t io n  o f  f a ls e  c h e c k s  (L e  R o u x ,  1 9 6 1 ;  B r u to n  &  A l la n s o n ,  1 9 7 4 )  a n d  th e  t e n d e n c y  o f  f is h  

s c a le s  to  b e  r e -a b s o r b e d  d u r in g  s ta r v a tio n  a n d  s p a w n in g  (H e c h t , 1 9 8 0 ) .

In  tr o p ic a l a n d  s u b tr o p ic a l w a te r s , th e  p e r io d  o f  a n n u lu s  fo r m a t io n  in  c ic h lid s  v a r ie s  ( W e y l  &  

H e c h t ,  1 9 9 8 ) . F o r  e x a m p le ,  in  L a k e  C h ic a m b a  fo r m a t io n  o f  a  s in g le  o p a q u e  b a n d  in  th e  o t o li th  o f  

Coptodon  renda lli  o c c u r r e d  in  J u ly  a n d  A u g u s t , w h ic h  c o r r e s p o n d e d  w ith  th e  e n d  o f  w in te r , l o w
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te m p e ra tu re s  an d  d ra w d o w n  p e rio d s  (W ey l &  H e ch t, 1998). In  th e  O k a v a n g o  D e lta , B o tsw a n a  and  

th e  K a fu e  f lo o d p la in , Z a m b ia , a n n u lu s  fo rm a tio n  in  O reochrom is anderson ii  o c cu rred  in  su m m e r 

w h ic h  c o in c id e d  w ith  a  re d u c tio n  in  so m atic  m e ta b o lic  ra te  re su ltin g  fro m  re p ro d u c tiv e  a c tiv itie s  

(K a sp e rsk y , 1974; B o o th  e t a l., 1995). S im ila rly , P ee l e t al. (2 0 1 6 ) re p o rte d  th a t in  th e  U p p e r  

Z a m b e z i, th e  h ig h e s t p ro p o r tio n  o f  o to lith s  w ith  o p a q u e  m a rg in s  fo r  O. andeson ii, O. m acroch ir  

an d  C. renda lli w e re  o b se rv e d  in  su m m e r b e tw e e n  O c to b e r an d  D e c e m b e r, b u t th e  e d g e  an a ly s is  

in d ic a te d  th a t th e y  w e re  d e p o s ite d  in  w in te r  b e tw e e n  Ju n e  an d  S e p te m b e r w h e n  w a te r  te m p e ra tu re s  

w e re  lo w e s t a t 17 oC.

T ro p ica l f lo o d p la in  fish  a re  c h a ra c te rise d  as h a v in g  fa s t an d  seaso n a l g ro w th  (M e rro n  &  B ru to n , 

1988). T h e ir  g ro w th  ra te s  a lso  v a ry  b e tw e e n  p o p u la tio n s  d u e  to  e n v iro n m e n ta l v a ria b ility  b e tw e e n  

lo c a litie s  (M erro n , 1991). F o r  ex am p le , P ee l (2 0 1 2 ) re p o rte d  th a t  in  th e  U p p e r  Z a m b e z i g ro w th  

th e  ra te  o f  O. anderson ii, O. m acroch ir  an d  C. renda lli  v a r ie d  c o n s id e ra b ly  b e tw e e n  th e  r iv e r  

sy stem s. In  h is  s tu dy , th e  g ro w th  ra te s  fo r  th e se  c o m m e rc ia lly  im p o r ta n t c ich lid s  w e re  ra p id  in  

e x p lo ite d  sy stem s, i.e ., Z a m b e z i R iv e r  an d  L a k e  L ia m b e z i as o p p o sed  to  th e  n o n -e x p lo ite d  

K w a n d o  R iv er. T h is  is  b e c a u se  in  e x p lo ite d  sy stem s, f ish in g  re d u c es  fish  d e n s itie s  an d  th e re fo re  

re d u c e s  th e  d e n s ity  d e p e n d e n t c o m p e titio n , w h ic h  re su lts  in  in c re a se d  q u a lity  o f  d ie ts  and  

in c re a se d  g ro w th , w h ile  in  n o n -e x p lo ite d  sy stem s th e re  a re  h ig h e r  f ish  d e n s itie s  an d  in te r  and  

in tra sp e c if ic  c o m p e titio n  th a t  re su lts  in  a  re d u c tio n  in  th e  q u a lity  o f  d ie ts  an d  re d u c e d  g ro w th  ra te s  

(Ja c k so n  e t al., 2 0 0 1 ). T h e re fo re , i t  is  im p o r ta n t to  a sse ss  th e  d iffe ren c e  in  g ro w th  in  d iffe re n t 

lo ca litie s .

T h e  o b je c tiv e  o f  th is  c h a p te r  w a s  to  d e te rm in e  th e  ag e  an d  g ro w th  o f  O. anderson ii, O. m acroch ir  

an d  C. renda lli  sam p les  u s in g  o to lith s  to  a sse ss  reg io n a l v a ria tio n s  in  g ro w th  ra te s  b e tw e e n  th e se  

p o p u la tio n s  an d  p o p u la tio n  a sse ssed  b y  P ee l e t al. (2 0 1 6 ). In  ad d itio n , ag e  d a ta  w a s  a lso  u se d  fo r 

d iffe ren c es  in  lo n g e v ity  b e tw e e n  p ro te c te d  an d  n o n -p ro te c te d  areas.
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4 .2  M a t e r i a l s  a n d  m e t h o d s

G e n e r a l  s a m p l in g

B io lo g ic a l d a ta  fo r  c o m m e rc ia lly  im p o r ta n t la rg e  c ich lid s  w e re  c o lle c te d  b e tw e e n  S e p te m b e r 2 0 1 4  

an d  A p ril 2 0 1 5  u s in g  m u ltif ila m e n t g illn e ts  f le e ts  an d  e ac h  c o m p ris in g  e le v e n  10 m  p a n e ls  o f  2 m  

d eep  p a n e ls  w ith  s tre tch e d  m e sh  s izes  o f  12, 16, 22 , 28 , 35 , 45 , 57, 73 , 93 , 118 an d  150 m m ), a 

7 5 -m  lo n g  m o n o fila m e n t c o m m e rc ia l n e t o f  m e sh  s ize  115 m m , a  D -n e t o n  litto ra l z o n es , an g lin g  

an d  p u rc h a se s  fro m  c o m m e rc ia l fish e rm e n . A ll f ish  sam p led  w e re  id e n tif ie d  to  sp ec ie s  lev e l (u s in g  

S k e lto n  2 0 0 1 ), m e a su re d  to  th e  n e a re s t m m  to ta l le n g th  (Lt ), w e ig h e d  (to  n e a re s t g), d issec ted , 

sex ed  an d  sag itta l o to lith s  w e re  re m o v e d , c lea n e d  o f  m e m b ra n o u s  an d  b lo o d  tis su e , d ried  and  

s to red  in  c ro ss -re fe re n c e d  E p p e n d o r f  tu b e s  (d a te , sp ec ies, n u m b e r, lo c a lity )  fo r  la te r  an a ly sis .

O t o l i t h  p r e p a r a t io n

O to lith s  w e re  e m b e d d e d  in  c le a r  p o ly e s te r  c a s tin g  re s in  p r io r  to  sec tio n in g  w ith  a  d o u b le -b la d e d  

d ia m o n d  ed g ed  saw  a t R h o d e s  U n iv e rs ity  D e p a r tm e n t o f  Ic h th y o lo g y  an d  F ish e rie s  S c ien ce  

g e n e ra l la b o ra to ry , u s in g  th e  p ro c e d u re  o u tlin e d  b y  W ey l an d  H e c h t (1 9 9 8 ). R e c ta n g u la r  m o u ld s  

w e re  f il le d  h a lfw a y  w ith  re s in  m ix tu re  th e n  d ried . O to lith s  w e re  m o u n te d  su lcu l s id e  d o w n , th e n  

c o v e red  w ith  a  sec o n d  la y e r  o f  re s in  an d  d rie d  again . O n ce  dry , th e y  w e re  tra n sv e rse ly  sec tio n e d  

th ro u g h  th e  n u c le u s  w ith  a  d o u b le d -b la d e d  d ia m o n d -e d g e d  saw  a t 0 .3 -0 .4  m m  th ic k n e ss . S ec tio n s  

w e re  la b e lle d  an d  m o u n te d  o n  m ic ro sc o p e  s lid es  u s in g  a  D P X  m o u n tan t.

O to lith s  w e re  read  u s in g  a  c o m p o u n d  d is se c tin g  m ic ro sc o p e  u n d e r  tra n sm itte d  lig h t a t v a rio u s  

m a g n if ic a tio n  (1 0 -4 0  x,) to  v ie w  th e  a n n u a l r in g s  as o u tlin e d  in  W in k e r  e t al. (2 0 1 0  a, b ). T o  av o id  

d is ru p tiv e  h ig h  e rro r  ra te s  in  o b ta in in g  an  e s tim a tio n  o f  p re c is io n , an  e x p e r ie n c e d  p rim a ry  re a d e r  

w a s  a ss ig n e d  to  ag e  th e  f ir s t  50 o to lith s , b y  re a d in g  o p a q u e  z o n es  fro m  th e  n u c le u s  to  th e  ed g e  o f  

th e  o to lith . T h e  sec o n d  an d  th ird  re a d e r  e s tim a te d  th e  ag e  o f  th e  4 2 6  o to lith s , an d  i f  tw o  re a d in g s  

c o in c id ed , th e y  w e re  a cc e p te d  b u t i f  th e y  v a r ie d  b y  > 2  in c re m e n ts  o r  10% , th e n  th e  o to lith  w a s  re 

re a d  o r  m e a n  aged . I f  i t  co u ld  n o t b e  a ss ig n e d  an  ag e  it  w a s  d isca rd e d  as u n re a d a b le . O to lith s  w e re  

re a d  w ith  n o  re fe re n c e  to  f ish  len g th , w e ig h t, d a te  o f  c ap tu re  o r  a re a  sam p led . P h o to m ic ro g ra p h s  

o f  sec tio n e d  sag itta l o to lith s  o f  (o ld e s t f ish ) w e re  o b ta in e d  u s in g  a  Z e is s  l ig h t M ic ro sc o p e  at
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R h o d e s  U n iv e r s it y  Z o o lo g y  D e p a r tm e n t  u s in g  tr a n sm itte d  l ig h t  u n d e r  v a r io u s  m a g n if ic a t io n s  ( F ig  

4 .1 ,  a, b , c).

F ig u r e  4 .1  a ,  b , c . P h o to m ic r o g r a p h  o f  s a g itta l o t o li th  s e c t io n s  s h o w in g  th e  tr a n s lu c e n t  a n d  o p a q u e  

g r o w th  z o n e s  in  th e  o t o li th s  o f  (a )  an  e ig h t- y e a r - o ld  2 9 0  m m  L t  f e m a le  O reochrom is anderson ii 

fr o m  S a v u ti R iv e r ,  (b )  an  e ig h t- y e a r - o ld  2 7 9  m m  L t  f e m a le  O reochrom is anderson ii  fr o m  

Z ib a d ia n j a  L a g o o n  a n d  ( c )  an  e ig h t - y e a r - o ld  2 7 8  m m  L t  m a le  Coptodon  renda lli fr o m  S a v u ti R iv e r  

in  C h o b e  d is tr ic t , B o t s w a n a  s a m p le d  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 2 0 1 5 .

P r e c i s io n  a n d  A c c u r a c y

A c c u r a c y  d e n o t e s  r e le v a n c e  o f  m e th o d  a n d  stru ctu re  ( S v e d a n g  e t  a l . ,1 9 9 8 ) ,  w h i l e  p r e c is io n  i s  th e  

r e p r o d u c ib ility  o f  a  g iv e n  stru ctu re , ir r e s p e c t iv e  o f  w h e th e r  t h o s e  m e a s u r e m e n ts  ( a g e  r e a d in g s )  are  

a c c u r a te  (C a m p a n a , 2 0 0 1 ) .  B o t h  a c c u r a c y  a n d  p r e c is io n  are n e c e s s a r y  in  a g e  e s t im a t io n  t o  e n su r e  

r e lia b le  a n d  r e p r o d u c ib le  r e s u lts  in  f i s h  b io lo g y  ( S v e d a n g  e t  a l . ,1 9 9 8 ;  B e a m is h  &  F o u r n ie r , 1 9 8 1 ) .

T h e  g r o w th  z o n e  fo r  th e  th r e e  la r g e  c ic h l id s  w a s  v a l id a te d  b y  P e e l  e t  a l. ( 2 0 1 6 )  w h o  s h o w e d  th a t  

in  th is  r e g io n  in  a  s im ila r  e n v ir o n m e n ts  o n e  g r o w th  in c r e m e n t  r e p r e s e n te d  o n e  y e a r  o f  g r o w th . 

T h u s , a ll g r o w th  a n a ly s e s  in  th is  ch a p te r  w e r e  p e r fo r m e d  u n d e r  th e  a s s u m p t io n  th a t o n e  g r o w th  

in c r e m e n t  ( o n e  tr a n s lu c e n t  a n d  o n e  o p a q u e  z o n e )  r e p r e s e n ts  o n e  y e a r  o f  g r o w th .

P r e c is io n  w a s  e s t im a te d  u s in g  th e  a v e r a g e  p e r c e n t  error ( A P E )  a n d  c o e f f ic ie n t  o f  v a r ia t io n  ( C V )  

m e th o d s  (C h a n g , 1 9 8 2 )  b e c a u s e  t h e y  are a g e  d e p e n d e n t  a n d  a l lo w  fo r  c o m p a r iso n s  a m o n g  s p e c ie s  

a n d  p o p u la t io n  ( H o x m e ie r  e t  a l., 2 0 0 1 ) .  A n  a v e r a g e  p e r c e n t  error ( A P E )  ( B e a m is h  &  F o u rn ier , 

1 9 8 1 )  w a s  c a lc u la te d  as
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W h e r e  X j  i s  t h e  i t h  a g e  d e t e r m i n a t i o n  o f  t h e  j t h  f i s h ,  X j  i s  t h e  m e a n  a g e  e s t i m a t e  o f  t h e  j t h  f i s h  a n d  

R  i s  t h e  n u m b e r  o f  t i m e s  e a c h  f i s h  i s  a g e d .  W h e n  a v e r a g e d  a c r o s s  m a n y  f i s h  i t  b e c o m e s  t h e  i n d e x  

o f  a v e r a g e  p e r c e n t  e r r o r  ( C a m p a n a ,  2 0 0 1 ) .  C h a n g  ( 1 9 8 2 )  s u g g e s t e d  t h a t  s t a n d a r d  d e v i a t i o n  b e  

s u b s t i t u t e d  f o r  t h e  a b s o l u t e  d e v i a t i o n  f r o m  t h e  m e a n  a g e  ( C a m p a n a ,  2 0 0 1 ) .

C o e f f i c i e n t  o f  v a r i a t i o n  ( C V )  i s  t h e  r a t i o  o f  s t a n d a r d  d e v i a t i o n  o v e r  t h e  m e a n  ( C a m p a n a ,  2 0 0 1 ) .  

C V  b e t w e e n  t h e  a g e  e s t i m a t e s  w a s  c a l c u l a t e d  a s

C V j(% ) =  1 00X

G r o w t h  m o d e l i n g

W h e r e  a p p r o p r i a t e ,  V o n  B e r t a l a n f f y  g r o w t h  c u r v e s  w e r e  f i t t e d  t o  L t  l e n g t h  a t  a g e  d a t a  f o r  

c o m b i n e d  s e x e s  a n d  s t a t i o n s  f o r  C o m m e r c i a l l y  i m p o r t a n t  c i c h l i d s  u s i n g  t h e  t h r e e - p a r a m e t e r  V o n  

B e r t a l a n f f y  g r o w t h  m o d e l  ( V B G F )  o f  t h e  f o r m :

L t=  L  ra-  ( 1 - e x p  ( - k  ( t - t 0 ) ) )

W h e r e  L t  i s  t h e  l e n g t h  ( m m  L t ) a t  a g e  t  ( y e a r s ) ,  L  i s  t h e  p r e d i c t e d  a s y m p t o t i c  l e n g t h ,  K  i s  t h e  B r o d y  

c o - e f f i c i e n t  ( y e a r -1)  ( R i c k e r ,  1 9 7 5 )  a n d  t 0  i s  t h e  t h e o r e t i c a l  a g e  ( y e a r s )  a t  z e r o  l e n g t h .  L e a s t  s q u a r e  

r e g r e s s i o n  a n d  s o l v e r  w e r e  e m p l o y e d  i n  M i c r o s o f t  E x c e l .  O w i n g  t o  t h e  r a r i t y  a n d  n e a r 

v u l n e r a b i l i t y  s t a t u s  o f  c i c h l i d s  i n  t h e  r e g i o n  t h e r e  w a s  i n s u f f i c i e n t  d a t a  f o r  r e a s o n a b l e  V o n  

B e r t a l a n f f y  g r o w t h  m o d e l  f i t s  f o r  a l l  s y s t e m s  d u e  t o  t h e  l a c k  o f  y o u n g  f i s h .

P a r a m e t e r s  w e r e  e s t i m a t e d  b y  m i n i m i s i n g  t h e  n e g a t i v e  l o g  l i k e l i h o o d  o f  t h e  f o r m

- L L = n  I n  (< r)

W h e r e  d  i s  t h e  m a x i m u m  l i k e l i h o o d  e s t i m a t e  o f  t h e  m o d e l  s t a n d a r d  d e v i a t i o n ,  a s  d e s c r i b e d  a s :

d =
Z , G - Q 2

n
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W h e re  Li is  th e  o b se rv e d  le n g th  a t age, Lj is  th e  p re d ic te d  le n g th  a t ag e  an d  n  is  th e  to ta l n u m b e r 

o f  o b se rv a tio n s . S tan d a rd  d e v ia tio n  o f  th e  m o d e l p a ra m e te rs  w a s  e s tim a te d  u s in g  p a ra m e tr ic  

b o o ts tra p  re sa m p lin g  (E fro n , 1982) w ith  1000 ite ra tio n s .

G r o w t h  c o m p a r i s o n s

P o p u la tio n s  w ith  d iffe re n t g ro w th  p a ra m e te rs  m a y  h a v e  s im ila r  g ro w th  p e rfo rm a n c e s  d u e  to  th e  

in te ra c tio n  an d  d e p e n d e n c e  o f  K  an d  L o3 P h i-p r im e  (P a u ly  &  M u n ro , 1984) w a s  u se d  fo r  

c o m p a riso n s  b e tw e e n  th e  p o p u la tio n s  o f  O. anderson ii  an d  C. rendalli.

P h i-p r im e  w a s  d e sc rib e d  b y  th e  e q u a tio n  o f  th e  fo rm : $  ’= 2 lo g L + L o g  K l

w h e re  L  is  th e  p re d ic te d  a sy m p to tic  le n g th  an d  K  th e  B ro d y  g ro w th  c o -e ff ic ie n t fro m  th e  V B G F  

m o d e l.

C o m p a r i s o n s  o f  l o n g e v i t y

In  so m e cases, sam p le  s izes  w e re  to o  sm all to  a llo w  fo r  d ire c t c o m p a riso n s  fo r  V B G F  p a ra m e te rs  

fo r  all p o p u la tio n s . A s  a  re su lt, c o m p a riso n s  b e tw e e n  c lo se d  an d  n o n -p ro te c te d  a reas  w e re  b a se d  

o n  m e a n  age, m e a n  le n g th  an d  m e a n  le n g th  a t age. A  K ru sk a l-W a llis  te s t  w a s  u se d  fo r 

co m p ariso n s . A  s ig n if ic a n c e  lev e l (p = 0 .0 5 ) w a s  u s e d . A n  all p a ir-w ise  M u ltip le  c o m p a riso n  te s t 

(D u n n ’s M e th o d ) w a s  u se d  to  iso la te  d iffe ren ce .

4 .3  R e s u l t s  

A g e i n g  p r e c i s io n

O f  th e  4 2 6  o to lith s  c o lle c te d  fro m  O. anderson ii, O. m acroch ir  an d  C. renda lli  o n ly  o n e  o to lith  

w a s  re je c te d  as u n re a d ab le . D a ta  o n  th e  p re c is io n  o f  e s tim a te s  a re  p re se n te d  in  T ab le  4 .1 . P re c is io n  

v a r ie d  b e tw e e n  sp ec ie s  a n d  w ith  age. F o r  ex am p le , g re a te r  p re c is io n  w a s  o b se rv ed  to  in c re a se  w ith  

ag e  fo r  O. anderson ii  a n d  C. renda lli  w h ile  it  d e c rea se d  w ith  ag e  in  O. m acroch ir . A t ag es  > 4  

p re c is io n  w a s  g e n e ra lly  g o o d  (A P E = 3 .7 -9 .7 )  (C V  1 3 .5 -2 9 .9 )  b u t p o o re s t a t ag e  < 4  e .g ., a t ag e  1 

(A P E = 2 1 .1 -2 8 .6 ) .
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T A B L E  4 .1 .  A v e rag e  p e rc e n t e rro r  (A P E ), c o e ff ic ie n t o f  v a r ia tio n  (C V ) b e tw e e n  o to lith s  re a d in g s  

o f  O reochrom is anderson ii, O reochrom is m acroch ir  an d  Coptodon  renda lli  sam p led  in  C h o b e  

K a v im b a  f lo o d p la in s , Z ib a d ia n ja  L a g o o n  an d  S av u ti R iv e r  an d  m a rsh  b e tw e e n  S e p te m b e r 2 0 1 4  

an d  A p ril 2 015 .

S p e c ie s 0 1 2 3 4 > 4 A P E C V N

O. anderson ii 88 .9 21.1 23.1 2 2 .4 11.0 9 .7 15.4 2 9 .9 201

O. m acroch ir 0 13.7 2.1 8.7 2 .4 3.5 5.5 10.7 112

C. renda lli 0 2 8 .6 7 .2 6.0 7.1 3 .7 5.9 13.5 115

L o n g e v i t y

C o m p a ra tiv e  lo n g e v ity  fo r  O. anderson ii, O. m acroch ir  an d  C. renda lli  are  su m m a rise d  in  T ab le  

4 .2 . T h e  re su lts  su p p o rt th e  h y p o th e s is  th a t f ish  in  p ro te c te d  a reas  g ro w  to  o ld e r  ag es  th a n  fish  in  

f ish e d  areas. M e a n  ag e  fo r  th e  th re e -sp e c ie s  d iffe red  s ig n if ic a n tly  b e tw e e n  h a b ita ts  (D u n n ’s 

M e th o d , p < 0 .0 5 ) w ith  fish  in  p ro te c te d  a reas  c o n sis te n tly  b e in g  o ld e r  th a n  th o se  in  f ish e d  h ab ita ts . 

O. anderson ii  in  th e  C h o b e  K a v im b a  flo o d p la in s  w e re  y o u n g e r  b y  2 .4  ±  1.6 y e a rs  th a n  th o se  in 

S av u ti R iv e r  (=4 .3  ±  1.8 y e a rs )  an d  Z ib a d ia n ja  L a g o o n  (= 5 .3  ±  1.6 y ears). O. m acroch ir  w e re  o ld e r  

in  th e  Z ib a d ia n ja  L a g o o n  5 .0  ±  1.4 y e a rs  an d  th e  S av u ti R iv e r  (= 3 .9  ±  1.4 y e a rs )  th a n  in  th e  C h o b e  

R iv e r  (= 1 .2  ±  0 .9  y ears). C. renda lli m e a n  ag e  w a s  s ig n ific a n tly  h ig h e r  (D u n n ’s M e th o d , p < 0 .0 5 ) 

in  th e  S av u ti R iv e r  5.1 ±  1.9 y e a rs  th a n  Z ib a d ia n ja  L a g o o n  4 .4  ±  2 .0 2  y e a rs  an d  le a s t a t C h o b e  

R iv e r /K a v im b a  2.3 ±  2 .7  y ears.

T A B L E  4 .2 .  M a x im u m  an d  m e a n  ag e  ±  s tan d a rd  d e v ia tio n  fo r  O reochrom is andersonii, 

O reochrom is m acroch ir  an d  Coptodon  renda lli  sam p led  a t C h o b e /K a v im b a , S av u ti R iv e r  and  

Z ib a d ia n ja  L a g o o n  in  B o tsw a n a  b e tw e e n  S e p te m b e r 2 0 1 4  an d  A p ril 2015

S p e c i e s  C h o b e /K a v im b a  Z i b a d i a n j a  S a v u t i

M a x . M e a n  a g e M a x . M e a n  a g e M a x . M e a n  a g e

O. anderson ii 6 2 .4  ±  1.6 8 5.3 ±  1.6 8 4.3 ±  1.8

O. m acroch ir 4 1.2 ±  0.9 7 5 .0  ±  1.4 7 3 .9  ±  1.4

C. renda lli 7 2.3 ±  2 .7 8 4 .4  ±  2 .0 2 8 5.1 ±  1.9
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G r o w th

S u ffic ien t sam p les  fo r  a  re a so n a b le  f it o f  th e  V o n  B e rta la n ffy  g ro w th  m o d e l (V B G F ) w e re  o n ly  

a v a ilab le  fo r  O. anderson ii  a t S av u ti R iv e r  an d  Coptodon  renda lli  a t Z ib a d ia n ja  L ag o o n . P a ra m e te r  

e s tim a te s  fo r  V B G F  fo r  O. anderson ii  an d  C. renda lli  are  su m m a rised  in  T ab le  4.3.

T h e  Lt ag e  fo r  O. anderson ii  in  S av u ti R iv e r  w a s  b e s t  d e sc rib e d  as L t (m m ) = 2 9 7 .7 2  (1 -e -059(t=-0'98) 

(F ig u re  4 .2 ). F o r  C. renda lli  in  Z ib a d ia n ja  L a g o o n  L t w a s  b e s t d e sc rib e d  as  Lt (m m )= 3 3 6 .5  (1 -e - 

020(t=-235) (F ig u re  4.3). In  b o th  cases, th e  V B G F  p a ra m e te r  t0 w e re  n e g a tiv e  fo r  O. anderson ii  (

0 .9 8 ± 0 .1 0  y e a rs) an d  C. renda lli  (-2 .3 5  ±  0.51  y ears), w h ic h  re fle c ts  l im ite d  d a ta  fo r  sm all and  

y o u n g  fish . In itia lly , g ro w th  ra te  fo r  O. anderson ii  w a s  rap id , w ith  a sy m p to tic  le n g th  re a c h e d  a fte r  

th re e  y ears. T h e  a sy m p to tic  le n g th  w a s  s lig h tly  la te r  fo r  C. renda lli  in  Z ib a d ia n ja  L ag o o n . T ab le

4 .4  sh o w s o b se rv ed  m e a n  le n g th s  a t ag e  (± s ta n d a rd  d e v ia tio n ) a t S av u ti R iv e r  fo r  O reochrom is  

anderson ii  an d  Coptodon  renda lli a t th e  Z ib a d ia n ja  L a g o o n  sam p led  d u rin g  th is  study.

T A B L E  4 .3 .  P a ra m e te r  e s tim a te s  an d  s tan d a rd  d e v ia tio n s  (S .D ) o f  c o m b in e d  sex es  an d  s ta tio n s  

f it te d  u s in g  th e  v o n  B e rta la n ffy  g ro w th  m o d e l fo r  O reochrom is anderson ii  in  th e  S av u ti R iv e r  and  

m a rsh  an d  Coptodon  renda lli  sam p led  in  th e  Z ib a d ia n ja  L a g o o n  in  B o tsw a n a  b e tw e e n  S e p te m b e r 

2 0 1 4  an d  A p ril 2015

P a r a m e t e r L m ( ± S .  D ) K  ( S .D ) t0 ( ± S .  D )

O. anderson ii 2 9 7 .7 2  (1 5 .4 2 ) 0 .5 9  (0 .0 4 ) -0 .9 8  (0 .1 0 ) 4 .7 2

C. renda lli 3 3 6 .5  (1 5 .2 2 ) 0 .2 0  (0 .2 1 ) -2 .35  (0 .5 1 ) 2 .3 6
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T A B L E  4 .4 .  O b s e r v e d  m e a n  le n g th s  at a g e  (± s ta n d a r d  d e v ia t io n )  at S a v u ti R iv e r  fo r  Oreochrom is  

anderson ii  a n d  Coptodon  renda lli  a t Z ib a d ia n ja  L a g o o n  s a m p le d  b e t w e e n  S e p te m b e r  2 0 1 4  an d  

A p r il 2 0 1 5

A g e  y e a r s O. a nd erson ii  ( S a v u t i  R iv e r /m a r s h )

L t  ±  S . D

C. renda lli  ( Z ib a d ia n j a  L a g o o n )

L t  ±  S . D

0 1 3 1 .4  ±  9 .1 1 2 7 .7  ±  1 7 .2

1+ 2 0 5 .6  ±  8 .0 1 6 6 .1  ±  1 1 .5

2 + 2 4 6 .6  ±  7 .6 1 9 7 .4  ±  1 1 .4

3 + 2 6 9 .4  ±  6 .3 2 4 3 .9  ±  5 .1

4 + 2 8 2 .0  ±  4 .7 2 4 3 .9  ±  5 .1

5 + 2 8 9 .0  ±  3 .5 2 6 1 .0  ±  4 .2

6 + 2 9 2 .9  ±  3 .8 2 7 4 .8  ±  5 .7

7 + 2 9 5 .1  ±  5 .2 2 8 1 .4  ±  3 .8

Age (Years)

•  Observed 

Predicted

F ig u r e  4 .2 .  V o n  B e r ta la n f fy  g r o w th  c u r v e  fo r  O reochrom is anderson ii  a t S a v u ti R iv e r /m a r s h  in  

th e  C h o b e  d is tr ic t , B o t s w a n a ,  s a m p le d  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 2 0 1 5 .  T h e  L t at a g e  w a s  

d e s c r ib e d  b y  th e  v o n  B e r ta la n f fy  g r o w th  e q u a t io n  a s  L t ( m m )  = 2 9 7 .7 2  ( 1 - e - 0 59(t=-098)  (n = 7 8 ) .
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3 5 0

•  Observed 

Predicted

F ig u r e  4 .3 .  V o n  B e rta la n ffy  g ro w th  c u rv e  fo r  Coptodon  renda lli a t Z ib a d ia n ja  L a g o o n  in  C h o b e  

d is tric t, B o tsw a n a , sam p led  S e p te m b e r 2 0 1 4  an d  A p ril 2 0 1 5 . T h e  L t a t ag e  w a s  d e sc rib e d  b y  th e  

v o n  B e rta la n ffy  g ro w th  e q u a tio n  as L t (m m )= 3 3 6 .5  (1 -e -0 20(t=-235) (n = 8 2 ).

C o m p a r i s o n  o f  g r o w t h  p e r f o r m a n c e  b e t w e e n  t h e  s p e c ie s

G ro w th  p e rfo rm a n c e  w a s  b e s t  in  O. anderson ii (ft' =4.72) c o m p a re d  to  C. renda lli (ft ’= 2 .3 6 ). T he  

g ro w th  p e rfo rm a n c e  o f  O. anderson ii  in  th e  S av u ti R iv e r  w a s  h ig h e r  th a n  g ro w th  p e rfo rm a n c e  

re c o rd e d  b y  (P ee l, 2 0 1 2 ) a t K a v a n g o  R iv e r  (ft' = 4 .6 0 )  an d  L a k e  L ia m b e z i (f t’ = 4 .6 0 ).

W h e n  c o m p arin g  th e  g ro w th  p e rfo rm a n c e  o f  C. renda lli  in  th e  Z ib a d ia n ja  L a g o o n  (ft ’= 2 .3 6 ) w ith  

o th e r  s tu d ie s  (T ab le  4 .5 ), th e  g ro w th  p e rfo rm a n c e  w a s  le ss  th a n  th e  g ro w th  p e rfo rm a n c e  o f  C. 

renda lli  in  th e  K w a n d o  R iv e r  (f t’ = 4 .3 5 ) (P ee l, 2 0 1 2 ), L a k e  C h ic a m b a  (f t’ = 4 .3 5 ) (W ey l &  H ech t, 

1998), L a k e  L iam b e z i (ft' = 4 .3 4 ) (v a n  d e r W aa l, 1985) an d  L a k e  K a rib a  (ft' = 4 .3 4 ) (K o ld in g  e t al., 

1992). S ex  ra tio  m ay  in flu e n c e  th e  g ro w th  ra tes; th e re fo re , th e  d iffe re n c e  m ay  a lso  b e  d u e  to  

sk ew e d  sex  ra tio s.
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T A B L E  4 .5 .  C a lc u la te d  le n g th -a t-a g e , V o n  B e rta la n ffy  g ro w th  p a ra m e te rs  an d  c a lc u la te d  p h i- 

p rim e  (ft') (P au ly  &  M u n ro , 1984) fo r  c o m b in e d  O reochrom is anderson ii, an d  Coptodon  renda lli 

in  S o u th e rn  A fric a  w a te r  b o d ie s  b a se d  o n  p u b lish e d  da ta . T h e  d a ta  w a s  s ta n d a rd ise d  to  s tan d a rd  

len g th . E q u a tio n  S L  (m m ) = -2 .2 9 + 0 .7 9 7  L t  (m m ) (W ey l &  H e c h t,1 9 9 8 ) w a s  u se d  fo r  Coptodon  

renda lli  an d  eq u a tio n  S L  (m m ) = -1 .6 7 + 0 .8 0 3 5  L t  (m m ) (K a p e tsk y , 1974) w a s  u se d  fo r  

O reochrom is anderson ii;  O th e rs  w e re  a d o p ted  fro m  P ee l (2012).

Length (mm SL)-at-age (years)_____________ G row th perform ance

Species/Locality 1 2 3 4 5 L K ft'
O. andersonii 

Savu ti R iv e r1 164 196 215 125 231 298 0.59 4.72

K a v a n g o  R iv e r1 2 3 136 187 232 270 303 493 0.163 4.60

K w a n d o  R iv e r2 104 155 191 217 236 284 0.329 4.42

L a k e  L ia m b e z i2 168 205 241 277 312 8223 0.005 5.53

Z a m b e z i R iv e r2 149 195 241 287 332 8145 0.006 5.60

K a fu e  R iv e r 108 152 188 218 243 366 0.186 4.40

L a k e  L iam b e z i 171 221 259 287 308 370 0.291 4.60

O k a v a n g o  D e lta 4 146 172 193 209 222 267 0.247 4.25

C. rendalli

Z ib a d ia n ja  L a g o o n 1 130 155 192 192 205 337 0.20 2.36

K a v a n g o  R iv e r2 124 171 208 236 258 327 0.267 4.46

K w a n d o  R iv e r2 101 145 177 200 216 257 0.337 4.35

L a k e  L ia m b e z i2 163 196 209 213 215 217 0.966 4.66

Z a m b e z i R iv e r2 131 192 225 244 255 268 0.584 4.62

Lake L iam bezi4 119 157 183 201 214 240 0.380 4.34

Lake K ariba5 72 114 151 183 211 387 0.145 4.34

Lake C hicam ba6 7 132 158 172 180 184 188 0.636 4.35

1P re se n t s tu d y  - S av u ti R iv e r  an d  Z ib a d ia n ja  L a g o o n  in  C h o b e  D is tr ic t

2P ee l, 2 0 1 2  - K a v an g o , K w an d o , L a k e  L iam b e z i an d  Z a m b e z i R iv e rs , N a m ib ia

3B o o th  e t a l.,1 9 9 5  - O k a v a n g o  D e lta

4K a p e tsk y , 1974  - K a fu e  f lo o d p la in , Z a m b ia

5V a n  d e r W aa l, 1985 - L a k e  L iam b e z i, N a m ib ia

6K o ld in g  e t a l.,1 9 9 2  - L a k e  K arib a , Z im b a b w e

7W ey l an d  H e c h t ,1 9 9 8  - L a k e , M o z a m b iq u e
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4 .4  D i s c u s s i o n

T h is  c h a p te r  h as  d e m o n s tra te d  th a t th e  c ic h lid s  w e re  e as ily  ag ed  u s in g  o to lith s  w h ic h  fa c ilita te d  

th e  c o m p ariso n  o f  g ro w th  ra te s  b e tw e e n  p o p u la tio n s  an d  th e  c o m p ariso n  o f  th e  m e a n  and  

m a x im u m  ag e  b e tw e e n  th e  sam p led  reg io n s . A sse ssm e n t o f  th e  g ro w th  z o n e  in  sec tio n e d  o to lith s  

d e m o n s tra te d  th a t fo r  a ll sp ec ie s  g ro w th  z o n es  w e re  v is ib le  an d  e as ily  re a d a b le  w ith o u t th e  

n e c e ss ity  o f  e n h a n c in g  v is ib ili ty  b y  b u rn in g  as o u tlin e d  b y  o th e r  a u th o rs  (B o o th  e t a l., 1995; B o o th  

&  M erro n , 1996; P ee l, 2 0 1 2 ). A g e in g  p re c is io n  w a s  c o m p a ra b le  to  o th e r  s tu d ie s  in  th e  reg io n , w ith  

A P E  an d  C V  b e in g  e ith e r  lo w e r  o r  c o m p a ra b le  to  v a lu e s  p re v io u s ly  o b ta in e d  fo r  O. anderson ii, O. 

m acroch ir  an d  C. renda lli  (P ee l, 2 0 1 2 ; P ee l e t al., 2 0 1 6 ).

C o m p a r i s o n  o f  g r o w t h  p e r f o r m a n c e  b e t w e e n  t h e  s p e c ie s

G ro w th  p e rfo rm a n c e  w a s  b e tte r  in  O. anderson ii ( ft  =4.72) th a n  C. renda lli ( ft  = 2 .3 6 )  w h ile  O. 

m acroch ir  w a s  e x c lu d e d  b e c a u se  it co u ld  n o t f it in  th e  g ro w th  m o d e l. T h e  g ro w th  p e rfo rm a n c e  o f  

O. anderson ii  in  th e  S av u ti R iv e r  w a s  h ig h e r  th a n  g ro w th  p e rfo rm a n c e  re c o rd e d  b y  P ee l (2 0 1 2 ) a t 

K a v a n g o  R iv e r  ( ft  = 4 .6 0 ) an d  L a k e  L iam b e z i (ft' = 4 .6 0 ). T h e  v a r ia tio n  in  g ro w th  p e rfo rm a n c e  o f  

th e  O re o c h ro m is  sp ec ie s  w ith in  an d  b e tw e e n  th e  re g io n s  m a y  b e  a ttr ib u te d  to  th e  d iffe ren c es  in  

th e  p ro d u c tio n  o f  th e  sy s te m s  su ch  as v a ria tio n  in  n u tr ie n t c y c lin g  an d  lev e ls . F o r  in s ta n ce , th e  

S av u ti R iv e r  an d  m a rsh  is  sh a llo w e r (so m e  a reas  0.5 m ) an d  m o re  p ro d u c tiv e  d u e  to  g ra ss  litte r  

an d  h e rb iv o re  d ro p p in g s  th a n  Z ib a d ia n ja  L ag o o n . W h e n  c o m p a rin g  th e  tw o  la rg e  c ich lid s , O. 

anderson ii  is  h a rd ie r  w h ic h  m e an s  it is  su p e r io r  in  g ro w th  ra te s  an d  m a x im u m  le n g th  th a n  C. 

rendalli, w h ic h  m a y  re la te  to  th e  v a r ia tio n  in  g ro w th  p e rfo rm a n c e  b e tw e e n  th e  tw o  sp ec ie s  (S ilv a , 

2 0 0 5 ). F o r  ex am p le , u n d e r  e x p e rim en ta l c o n d itio n s  in  a q u a c u ltu re  p o n d s  in  M a n sa  Z a m b ia , th e  

g ro w th  o f  O. anderson ii  p ro v e d  to  b e  su p e r io r  to  C. renda lli  (B an d a , 1993).

W h e n  c o m p arin g  th e  g ro w th  p e rfo rm a n c e  o f  C. renda lli  in  th e  Z ib a d ia n ja  L a g o o n  ( ft  = 2 .3 6 ) w ith  

o th e r  s tu d ies, th e  g ro w th  p e rfo rm a n c e  w a s  le ss  th a n  th e  g ro w th  p e rfo rm a n c e  o f  C. renda lli  in  th e  

K w a n d o  R iv e r  (ft' = 4 .3 5 ) (P ee l, 2 0 1 2 ), L a k e  C h ic a m b a  (ft' = 4 .3 5 ) (W ey l &  H e ch t, 1998), L a k e  

L ia m b e z i (ft' = 4 .3 4 ) (v a n  d e r  W aa l, 1985) an d  L a k e  K a rib a  (ft' = 4 .3 4 ) (K o ld in g  e t al., 1992). T h ese
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m a y  in d ic a te  th a t Z ib a d ia n ja  L a g o o n  m a y  b e  d e c r e a s in g  in  p r o d u c t iv ity  o r  g e n e r a l ly  p o o r  in  

n u tr ien ts .

L o n g e v i t y  o b s e r v e d  in  th e  e n tir e  d is tr ib u tio n  o f  th e  C h o b e  la r g e  c ic h l id  s p e c ie s  in  th is  s tu d y  w a s  

le s s  th a n  th e  lo n g e v i t y  o b s e r v e d  in  p r e v io u s  s tu d ie s  in  th e  r e g io n . F o r  e x a m p le ,  in  th e  cu rren t s tu d y  

C. ren da lli 's  lo n g e v i t y  w a s  e ig h t  y e a r s  w h e r e a s  P e e l  ( 2 0 1 2 )  r e c o r d e d  13 y e a r s  o f  th e  s a m e  s p e c ie s  

in  K w a n d o  R iv e r .  T h e s e  a g e  d is p a r it ie s  m a y  b e  a  r e su lt  o f  e n v ir o n m e n ta l fa c to r s  a n d  h u m a n  

in d u c e d  fa c to r s . P r o te c te d  a rea s  ( u n e x p lo i t e d  a r e a s)  e n h a n c e d  lo n g e v i t y .  T h is  e x p la in s  w h y ,  in  th is  

stu d y , lo n g e v i t y  f o r  O. anderson ii  r e a c h e d  e ig h t  y e a r s  in  th e  p r o te c te d  a rea s  o f  Z ib a d ia n ja  L a g o o n  

a n d  S a v u ti R iv e r s  r e s p e c t iv e ly  a s  o p p o s e d  t o  th e  s ix  y e a r s  in  th e  C h o b e  R iv e r  a n d  f lo o d p la in s .

In  a  m o r e  s ta b le  e n v ir o n m e n t , f i s h  e x h ib i t  e x t e n d e d  lo n g e v i t y .  F o r  e x a m p le ,  in  th e  O k a v a n g o  D e lt a  

lo n g e v i t y  o f  O. anderson ii  r e a c h e d  1 3 +  y e a r s  ( B o o t h  e t  a l., 1 9 9 5 ) , w h i le  in  th e  K a v a n g o  an d  

K w a n d o  O. anderson ii  r e a c h e d  a  m a x im u m  a g e  o f  12  y e a r s  ( P e e l ,  2 0 1 2 ) .  S im ila r ly , P e e l  ( 2 0 1 2 )  

r e c o r d e d  a  m a x im u m  a g e  o f  13 y e a r s  fo r  O. m acroch ir  in  th e  K w a n d o  R iv e r ,  w h i l e  in  th e  

O k a v a n g o  D e l ta ,  a  m a x im u m  o f  11 y e a r s  w a s  r e p o r ted  fo r  O. m acroch ir  ( B o o t h  &  M e r r o n , 1 9 9 5 ) . 

T h e  e x t e n d e d  lo n g e v i t y  in  t h e s e  s y s t e m s  i s  e n h a n c e d  b y  th e  sp a tia l stru ctu re  o f  th e  O k a v a n g o  D e lt a  

b e c a u s e  s o m e  a rea s  o f  th e  D e l t a  are in a c c e s s ib le  t o  c o m m e r c ia l  a n d  s u b s is t e n c e  f is h e r m e n  

( B o k h u t lo ,  2 0 1 1 ) ,  h e n c e  f i s h e s  m a y  b e  s a fe r  fr o m  e x p lo i ta t io n .  M o r e o v e r ,  th e  d e lta  i s  m o r e  

v a r ia b le  in  s iz e  a n d  h a s  d iv e r s e  h a b ita ts  (F A O , 2 0 0 7 ) ,  a n d  th e r e fo r e , th e  f i s h  p o p u la t io n  m a y  h a v e  

a lo n g e r  l i f e  sp a n  c o m p a r e d  t o  th e  C h o b e  d is tr ic t  r iv e r s  s y s t e m . In  th e  K a v a n g o  a n d  K w a n d o  R iv e r  

s y s t e m , th e  lo n g e r  l i f e  sp a n  i s  a ls o  a ttr ib u ted  t o  p r is t in e  u n e x p lo i te d  f is h e r ie s .

E x p lo it e d  a rea s  in  th e  C h o b e  D is tr ic t  in  th is  s tu d y  e x h ib i te d  d im in is h e d  f i s h  lo n g e v i ty .  F o r  

e x a m p le ,  b o th  th e  C h o b e  K a v im b a  f lo o d p la in s  ( th is  s tu d y )  a n d  Z a m b e z i  R iv e r  ( P e e l ,  2 0 1 2 )  

r e c o r d e d  a  m a x im u m  a g e  o f  s ix  y e a r s . T h is  i s  m a y  b e  b e c a u s e  b o th  th e  Z a m b e z i  R iv e r  a n d  C h o b e  

K a v im b a  f lo o d p la in s  are  s u b je c te d  to  h e a v y  c o m m e r c ia l  a n d  s u b s is t e n c e  e x p lo i ta t io n ,  h e n c e  a 

r e la t iv e ly  d im in is h e d  lo n g e v i t y  o f  la r g e  c ic h l id s .  T h e s e  r e s u lts  a g r e e  w it h  s tu d ie s  b y  G a r c ia  e t  al. 

( 2 0 0 3 )  w h o  c o n te n d e d  th a t o v e r f is h in g  m o d if ie s  f i s h  a g e  a n d  s iz e  stru ctu re . In  V e n e z u e la n  R iv e r s  

in  S o u th  A m e r ic a ,  c o m m e r c ia l ly  im p o r ta n t  C ich la  sp p  w e r e  n e g a t iv e ly  a f fe c t e d  b y  f i s h in g  

p re ssu r e . T h is  w a s  e v id e n c e d  in  a  rare c a p tu r in g  o f  C ich la  temensis. T h e  c a p tu red  C ichla
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orinocensis  e x h ib i te d  a  y o u n g  a g e  ( 0 - y e a r - o ld ) , a n d  th e r e  w a s  a  r e d u c t io n  in  th e  b o d y  s iz e  o f  

C ich la  tem ensis  d u e  t o  s iz e  s e le c t iv e  sp o r t f is h in g  a n d  i l le g a l  n e t  f i s h in g  (J e p s e n  e t  a l . ,1 9 9 9 ) .

O v e r a ll ,  th e  r e s u lts  o f  th is  s tu d y  su p p o r t th e  h y p o t h e s is  th a t g r o w th  ra te s  o f  f i s h  d i ffe r  w ith in  an d  

b e tw e e n  th e  r e g io n s ,  a n d  th a t p r o te c te d  a rea s  are in h a b ite d  b y  la r g e r  f i s h  w it h  e x t e n d e d  l i f e  

e x p e c t a n c ie s .  T h e  C h o b e  K a v im b a  f lo o d p la in s  h a d  a  s ig n i f ic a n t ly  lo w e r  m e a n  a g e  fo r  th e  th r e e  

la r g e  c ic h lid s  th a n  th e  t w o  p r o te c te d  area s . T h is  i s  a ttr ib u ted  t o  f i s h in g  p r e s su r e  in  th e  C h o b e  R iv e r  

( T w e d d le  e t  a l., 2 0 1 5 ) .  T h is  o b s e r v a t io n  su p p o r ts  th e  f in d in g s  b y  R u s s ,  ( 1 9 9 1 )  w h o  r e p o r ted  th a t  

th e  n a tu ra l a g e  a n d  s iz e  s tru ctu re  o f  f i s h  b e c o m e  d is to r te d  u n d e r  f i s h in g  p r e ssu r e . T h is  i s  b e c a u s e  

c o m m e r c ia l  a n d  s u b s is t e n c e  f is h e r m e n  s e le c t iv e l y  h a r v e s t  la r g e - b o d ie d  a n d  o ld e r  m e m b e r s  o f  

s to c k  le a v in g  y o u n g  s m a l le r  f i s h  ( P o lic a n s k y ,  1 9 9 3 ;  C h a m b e r s  &  T r ip p le , 1 9 9 7 ) . T h is  i s  l ik e ly  to  

h a v e  im p a c t  o n  th e  p o p u la t io n  a s  s e le c t iv e  r e m o v a l o f  la r g e , o ld e r , m o r e  f e c u n d  f is h ,  w i l l  r e s u lt  in  

lo w e r  f i s h  s to c k  e g g  p r o d u c t io n  b e c a u s e  th e  la r g e , o ld e r , f i s h  are th e  p r im a ry  s p a w n in g  b r o o d s t o c k  

(P a u ly , 1 9 7 9 ) .  T h e  r e m a in in g  y o u n g  f i s h  r e s u lt  in  p o o r  r e p r o d u c t iv e  p o te n tia l  a s  t h e y  m a y  p r o d u c e  

f e w e r  e g g s  a n d  lo w e r  q u a lity  g a m e t e s  (P a u ly , 1 9 7 9 ;  C h a m b e r s  &  T r ip p le , 1 9 9 7 ;  W a r d  e t  a l., 2 0 0 1 ) .

T h e  p r o te c te d  area s , th e r e fo r e , f a c i li ta t e  th e  d e v e lo p m e n t  o f  a  n a tu ra l, e x t e n d e d  a g e  stru ctu re  o f  

ta r g e t  s p e c ie s , m a in ta in  g e n e t ic  v a r ia b ility ,  in c r e a s e  r e c r u itm e n t a n d  p r e v e n t  d e le te r io u s  

e v o lu t io n a r y  c h a n g e s  fr o m  th e  e f fe c t s  o f  f i s h in g  p r e s su r e  ( S e lg e b y ,  2 0 0 0 ;  R o b e r ts  e t  a l., 2 0 0 5 ) .  

T h e r e  i s  a ls o  an  in c r e a s e  in  m e a n  a g e  a n d  s iz e s  o f  th e  in d iv id u a ls  d u e  t o  th e  reserve e ffec t  

(F ra n co u r , 1 9 8 9 ) . F o r  e x a m p le ,  C o w le y  e t  a l. ( 2 0 0 2 ) ,  a tte s te d  t o  a  h ig h e r  c a tc h  p e r  u n it  e ffo r t , 

m e a n  a g e  a n d  m e a n  in d iv id u a l  s iz e  in  T s i ts ik a m a  N a t io n a l  P a rk  th a n  in  o p e n  a c c e s s  a rea s  o f  th e  

s o u th -e a s te r n  c a p e  in  S o u th  A fr ic a . A lth o u g h  th e  S a v u ti i s  a  p r o te c te d  area , th e  h y d r o lo g y  i s  

c a p r ic io u s . T h is  c o n tr ib u te s  t o  m a jo r  m o r ta lity  o f  r iv e r in e  s p e c ie s  d u r in g  th e  t im e s  o f  d ro u g h t, 

w h ic h  le a d s  to  r e la t iv e ly  lo w e r  m e a n  a g e  w h e n  c o m p a r e d  t o  Z ib a d ia n ja  L a g o o n  ( D a v e y  e t  a l., 

2 0 0 6 ) .  F is h  th a t r e c o lo n is e s  th e  S a v u ti R iv e r  a fter  d ro u g h t, c o m e s  fr o m  th e  Z ib a d ia n ja  L a g o o n .  In  

c o n c lu s io n ,  f i s h e s  in  p r o te c te d  a rea s  l iv e d  lo n g e r  th a n  f i s h e s  in  o p e n  areas. T h e r e fo r e , p r o te c te d  

a rea s  are e s s e n t ia l  fo r  e n h a n c in g  th e  lo n g e v i t y  o f  la r g e  c ic h l id s  in  th e  C h o b e  d istr ic t.
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C H A P T E R  5 : R E P R O D U C T I V E  B I O L O G Y  O F  L A R G E  C I C H L I D S  I N  T H E  C H O B E  

D I S T R I C T ,  B O T S W A N A

5 .1  I n t r o d u c t i o n

T h e  d e te rm in a tio n  o f  re p ro d u c tiv e  p e rio d ic ity  an d  th e  p ro p e r e s tim a tio n  o f  s ize  a t f ir s t  m a tu rity  in  

f ish  is e ssen tia l fo r  f ish e rie s  m a n a g e m e n t (K a rn a  &  P a n d a , 2 0 1 1 ). T h is  is  b e c a u se  k n o w le d g e  o f  

th e  b re e d in g  sea so n  can  in fo rm  th e  d e s ig n  o f  c lo se d  sea so n s  to  a llo w  fo r  th e  p ro te c tio n  o f  fish  

sp ec ie s  d u rin g  th e  sp aw n in g  seaso n . I t a lso  en ab le s  th e  se ttin g  o f  th e  m in im u m  leg a l h a rv e s tin g  

s izes  la rg e r  th a n  th e  le n g th  a t m a tu rity , w h ic h  a llo w s  th e  fish  to  b re e d  a t le a s t o n ce  b e fo re  b e in g  

h a rv e s te d  th e re b y  re d u c e s  th e  r isk  o f  re c ru itm e n t o f  o v e rf ish in g  (D o n a ld so n  &  D o n a ld so n , 1992; 

W e lc o m m e , 2 0 0 1 ; K o ld in g  e t al., 2 0 1 5 ).

T ila p iin e  c ich lid s  h a v e  p ro g re ss iv e  b re e d in g  h a b its  w h ic h  a re  n o t d e p e n d e n t o n  s tim u li su ch  as 

f lo o d  p u lse , b u t o n  te m p e ra tu re  an d  d ay  le n g th  (F ry e r  &  Ile s, 1972; W e lc o m m e , 2 0 0 1 ). S p aw n in g  

o c cu rs  in  su m m e r an d  u su a lly  w ith  a  p ro lo n g e d  sp aw n in g  p e rio d  la s tin g  a ll th e  w a rm e r  m o n th s  

(F ry e r  &  Iles , 1972; v a n  d e r W aa l, 1985; W ey l &  H ech t, 1998). E v e n  th o u g h  th e y  a p p e a r to  b re e d  

th ro u g h o u t th e  w a rm e r  m o n th s , th e re  is  o fte n  a  p e a k  in  sp aw n in g  a c tiv ity  sy n c h ro n ise d  w ith  th e  

o n se t o f  th e  ra in y  seaso n  an d  th e  f lo o d p la in  in u n d a tio n s  (T re w a v a s , 1983, W ey l &  H e ch t, 1998; 

B e v e rid g e  &  M c A n d re w , 2 0 0 0 ). In  su b -tro p ic a l reg io n s , th e  f lo o d in g  o f  r iv e rs  an d  in u n d a tio n  o f  

f lo o d p la in s  c o in c id es  w ith  r is in g  te m p e ra tu re s  th a t  fa v o u rs  an d  e n h an c e s  ju v e n ile  f ish  g ro w th  b y  

p ro v id in g  an  a b u n d an c e  o f  fo o d  an d  v e g e ta tio n  c o v e r  as re fu g e  to  h id e  fro m  p re d a to rs  (W e lco m m e, 

1985; W o o tto n , 1990; S k e lto n , 1993). D u rin g  th e  c o ld e r  w in te r  sea so n  (J u n e -A u g u s t)  in  th e  su b 

tro p ic a l reg io n s , c ich lid s  a re  g e n e ra lly  re p ro d u c tiv e ly  in a c tiv e  (E lle n d e r  e t al., 2 0 0 8 ).

L e n g th  a t m a tu rity  fo r  la rg e  c ich lid s  in  th e  Z a m b e z i R e g io n  (N a m ib ia )  w a s  p re v io u s ly  d e te rm in e d  

b y  P ee l (2 0 1 2 ) w h o  d e m o n s tra te d  th a t  le n g th  a t m a tu rity  fo r  Oreochromis andersonii and  

Coptodon rendalli d id  n o t d iffe r  s ig n ific a n tly  fro m  each  o th e r  in  th e  fo u r  sam p lin g  a reas , w h ile  in  

Oreochromis macrochir, th e  le n g th  a t m a tu rity  d iffe red  s ig n if ic a n tly  b e tw e e n  th e  sy s te m s  w ith  

Z a m b e z i R iv e r  sp ec im en s, h a v in g  a  s ig n ific a n tly  la rg e r  le n g th  a t m a tu rity  th a n  th o se  in  th e  

K w a n d o  R iv er. H e  c o n c lu d e d  th a t th e se  s im ila ritie s  in  le n g th  a t m a tu rity  in  th e  Z a m b e z i R e g io n
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im p lie d  th a t th e  e n v ir o n m e n ta l v a r ia b le s  th a t in f lu e n c e  le n g th  at m a tu r ity  w e r e  s im ila r  in  e a c h  

s y s te m . T h is  a ls o  m e a n t  th a t, fo r  m a n a g e m e n t  p u r p o se s , a  s in g le  m e s h  s iz e  o f  3 . 5 ’ ’in c h e s  ( 8 6  m m )  

w a s  r e c o m m e n d e d  fo r  th e  e n tir e  s y s te m .

T h e  b io g e o p h y s ic a l  e n v ir o n m e n t  ca n , h o w e v e r ,  in f lu e n c e  th e  s iz e  a n d  a g e  at f ir s t  m a tu r ity  (A lm ,  

1 9 5 9 ;  W e y l  &  H e c h t ,  1 9 9 8 ) . F o r  in s ta n c e ,  p o p u la t io n  in c r e a s e  o f  f i s h  d u e  t o  th e  d r y in g  o f  r iv er s  

a n d  f lo o d p la in s  r e s u lts  in  l e s s  f o o d  a v a i la b i lity ,  c o m p e t it io n  fo r  f o o d  r e s o u r c e s  a n d  th u s  le a d s  to  

d e c r e a s e  in  s iz e  a t m a tu r ity  (K a r n a  &  P a n d a , 2 0 1 1 ) .  In  L a k e  S ib a y a  in  S o u th  A fr ic a , e a r ly  m a tu r ity  

o f  O reochrom is m ossam bicus  w a s  a ttr ib u ted  t o  th e  a b io t ic a lly  h a rsh e r  e n v ir o n m e n ta l c o n d it io n s  

o f  th e  L a k e  (B r u to n , 1 9 7 9 ) . L e n g th  at m a tu r ity  i s  th e r e fo r e  e s s e n t ia l  in  m a k in g  f is h e r ie s  

m a n a g e m e n t  d e c is io n .  T h e r e fo r e , it  i s  im p e r a t iv e  th a t f is h e r ie s  r e g u la t io n s  s u c h  a s  m in im u m  s iz e s  

are s e t  a c c o r d in g  t o  le n g th  at m a tu r ity .

A s  th e  r e p r o d u c t iv e  s e a s o n a l i ty  o f  c ic h lid s  i s  w e l l  r e s e a r c h e d , t h e  a im  o f  t h is  ch a p te r  w a s  t o  te s t  

th e  le n g th  at 5 0 %  m a tu r ity  o f  la r g e  c ic h l id s  in  th e  C h o b e  d is tr ic t  a n d  s h o w  h o w  it  d if fe r s  fr o m  th a t  

th e  in  Z a m b e z i , K w a n d o  a n d  O k a v a n g o  R iv e r s ,  a n d  w h e th e r  th e  m in im u m  m e s h  s iz e  

r e c o m m e n d e d  b y  P e e l  ( 2 0 1 2 )  fr o m  th e  Z a m b e z i  R e g io n  ( N a m ib ia )  w o u ld  b e  a p p ro p r ia te  fo r  th e  

C h o b e  d istr ic t.

5 .2  M a t e r i a l s  a n d  m e t h o d s  

G e n e r a l  s a m p l in g

S a m p le s  o f  O. anderson ii, O. m acroch ir  a n d  C. renda lli  w e r e  c o l le c t e d  d u r in g  th e  s p a w n in g  s e a s o n  

b e tw e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 2 0 1 5  u s in g  m u lt if i la m e n t  g i l l  n e ts  f le e t s  a s  d e s c r ib e d  in  

C h a p te r  3 . B e c a u s e  th e r e  w a s  lo w  a b u n d a n c e  o f  s tu d y  s p e c ie s  in  e x p e r im e n ta l n e ts , s a m p le s  w e r e  

s u p p le m e n te d  b y ; p u r c h a s in g  s a m p le s  fr o m  C h o b e  K a v im b a  f lo o d p la in s ,  u s in g  a  7 5  m  lo n g  1 1 5  

m m  m e s h  s iz e  c o m m e r c ia l  g i l ln e t  a n d  a n g l in g  at th e  Z ib a d ia n ja  L a g o o n  a n d  S a v u ti R iv e r .

A l l  f i s h  s a m p le d  w e r e  id e n t if ie d  t o  s p e c ie s  le v e l  u s in g  S k e l to n  ( 2 0 0 1 ) ,  m e a s u r e d  t o  th e  n e a r e s t  m m  

to ta l le n g th  L t , c o u n te d , a n d  w e ig h e d  t o  th e  n e a r e s t  g ram .

F is h  w e r e  th e n  d is s e c t e d  a n d  s e x e d .  T h e  g o n a d s  fo r  b o th  s e x e s  w e r e  c la s s i f ie d  in to  f iv e  

r e p r o d u c t iv e  s ta g e s  o f  m a tu r ity  f o l l o w in g  th e  M ic r o s c o p ic  c r iter ia  a fter  W e y l  a n d  H e c h t ,  ( 1 9 9 8 )
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(T ab le  5.1 ). F ish  w e re  c o n s id e re d  m a tu re  i f  th e y  w e re  a ss ig n e d  a  g o n a d a l d e v e lo p m e n t s tag e  fro m  

3 -5  (d e v e lo p in g , r ip e  o r  spen t) . S tag es o f  m a tu rity  fro m  1 -2  w e re  c o n s id e re d  ju v e n ile s  o r 

im m atu re .

T A B L E  5 .1 .  M ic ro sc o p ic  c rite r ia  u se d  to  d e te rm in e  re p ro d u c tiv e  s tag es  o f  m a tu rity  o f  m a le s  and  

fe m a le s  in  O reochrom is anderson ii , O reochrom is m acroch ir  an d  Coptodon  renda lli  (W ey l &  

H e ch t, 1998)

S t a g e s G o n a d  a p p e a r a n c e

1. Ju v e n ile G o n a d s  as a  th in  tra n s lu c e n t s trip . U n a b le  to  d e te rm in e  sex  

m a c ro sc o p ic a lly

2. R es tin g S ex  d is tin g u ish ab le . O v a rie s  w h ite  o r  y e llo w ish . O o c y te s  m a c ro sc o p ic a lly  

d is tin g u ish ab le . T e s te s  a p p e a r as th in  w h ite  b an d s.

3. D e v e lo p in g O v a rie s  en la rg ed , O o c y te s  re a d ily  v is ib le  an d  y e llo w . T e s te s  b ro a d e n ed , 

d is te n d e d  an d  c ream  in  c o lo u r

4. R ip e O o c y te s  o f  m a x im u m  size, d u ll y e llo w  in  c o lo u r in  O. anderson ii  and  

d a rk  o liv e  g re e n  in  C. renda lli. T e s te s  w h ite  an d  sw o llen  to  m a x im u m  

size.

5. S p en t O v a rie s  f la c c id  w ith  irre g u la r  o o c y te  size . T e s te s  re d u c ed  in  s ize  an d  d irty  

g re y  in  co lo ur.

L e n g t h - W e i g h t  R e la t io n s h ip

T h e  L e n g th -W e ig h t R e la tio n sh ip  w a s  e s tim a te d  u s in g  th e  fo rm u la  W = a L b (A n d e rso n  &  N e w m a n , 

1996) w h e re  W  is  o b se rv e d  W e ig h t in  (g), L  is  o b se rv e d  to ta l le n g th  (L t ) in  (m m ), a ’ an d  b ’ a re  

m o d e l p a ram ete rs .

C o n d i t i o n  f a c t o r

C o n d itio n  fa c to r  (K ) is  a  m e a su re  o f  th e  c o n d itio n  o f  a  f ish  (R ick er, 1975). B ag e n a l an d  T esch  

(1 9 7 8 ) h y p o th e s ise d  th a t  h e a v ie r  f ish  o f  a  p a r tic u la r  le n g th  a re  in  a  b e tte r  p h y s io lo g ic a l c o n d itio n . 

T h e re fo re , c o n d itio n  fa c to r  is  a  u se fu l in d e x  in  m o n ito r in g  fe e d in g  in te n s ity , b re e d in g  season , 

g ro w th  ra te , age , p h y s io lo g ic a l sta te , re la tiv e  ro b u s tn e ss  an d  g e n e ra l w e ll-b e in g  o f  in tra  an d  in te r  

p o p u la tio n s  (O n i e t al., 1983; D a n -K ish iy a , 2 0 1 3 ). T o  m a k e  c o m p a riso n s  b e tw e e n  m e a n  c o n d itio n
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f a c t o r  b e t w e e n  t h e  s y s t e m s  a n d  s p e c i e s ,  t h e  F u l t o n  c o n d i t i o n  f a c t o r  ( K )  w a s  c a l c u l a t e d  f o r  e a c h  

p o p u l a t i o n ,  w h e r e b y ,

K  =  W  x

1 0 5

t l 3

I n  t h e  a b o v e  f o r m u l a ,  K =  i s  t h e  c o n d i t i o n  f a c t o r ,  W =  i s  t h e  w e t  w e i g h t  o f  f i s h  i n  g r a m s  a n d  L t = i s  

t h e  T o t a l  l e n g t h  o f  f i s h  i n  c m  ( R i c k e r ,  1 9 7 5 ;  F r o e s e ,  2 0 0 6 ) .

L e n g t h  a t  5 0 %  m a t u r i t y  (L m 5 0 )

U n f o r t u n a t e l y ,  s a m p l e  s i z e s  w e r e  t o o  s m a l l  t o  c a l c u l a t e  s e x - s p e c i f i c  l e n g t h  a t  m a t u r i t y .  A s  a  r e s u l t ,  

m a l e s  a n d  f e m a l e s  w e r e  g r o u p e d  f o r  a n a l y s i s .  L e n g t h  a t  m a t u r i t y  w a s  e x p r e s s e d  a s  t h e  p r o p o r t i o n  

o f  m a t u r e  f i s h  i n  e a c h  1 0  m m  L t  s i z e  c l a s s .  L e n g t h - a t - 5 0 %  m a t u r i t y  (L m 5 0 )  w a s  e s t i m a t e d  b y  f i t t i n g

t h e s e  d a t a  i n t o  a  t w o - p a r a m e t e r  l o g i s t i c  m o d e l  f o r m :  = w h e r e  i s  t h e
1 + e x p  (  imso) / ^

p r e d i c t e d  p r o p o r t i o n  o f  m a t u r e  f i s h  a t  l e n g t h  L  a n d  S  t h e  w i d t h  o f  t h e  l o g i s t i c  o g i v e  ( K i n g ,  1 9 9 5 ) .  

L e n g t h  m a t u r i t y  a t  a g e  a n d  m a x im u m  g i l l n e t  s e le c t i v i t y

i

T h e  l e n g t h  m a t u r i t y  a t  a g e  f o r  O. a n d e r s o n i i , O. m a c r o c h ir  a n d  C. r e n d a l l i  w e r e  d e r i v e d  f r o m  

l e n g t h  a t  5 0 %  m a t u r i t y  i n  t h i s  s t u d y .  P r e d i c t e d  l e n g t h  c l a s s  a t  m a x i m u m  s e l e c t i v i t y  f o r  d i f f e r e n t  

g i l l n e t  s e l e c t i v i t y  c u r v e s  f o r  l a r g e  c i c h l i d s  w e r e  a d o p t e d  f r o m  P e e l  ( 2 0 1 2 )  w h o  u s e d  t h e  s a m e  

e x p e r i m e n t a l  g i l l n e t  a s  i n  t h i s  s t u d y  f o r  s a m p l i n g  l a r g e  c i c h l i d s .

S e x  r a t io

C h i - s q u a r e  w a s  u s e d  t o  t e s t  f o r  u n i t y  b e t w e e n  t h e  f e m a l e s  a n d  t h e  m a l e  p o p u l a t i o n  o f  O. 

a n d e r so n i i ,  O . m a c r o c h ir  a n d  C. r e n d a l l i  i n  a l l  t h e  s y s t e m s  ( G r e e n w o o d  &  N i k u l i n , 1 9 9 6 ) ,  w h e r e b y

( 0 i ~ E , ) i

W h e r e  c ’ i s  t h e  d e g r e e s  o f  f r e e d o m ,  O ’ i s  o b s e r v e d  v a l u e  a n d  E ’ i s  e x p e c t e d  v a l u e .
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5 .3  R e s u l t s

T h e  to ta l sam p le  c o m p rise d  201 O reochrom is anderson ii  (1 0 5 -4 0 0  m m  L t ),108 O reochrom is  

m acroch ir  (1 1 0 -3 0 0  m m  L t ) an d  117 Coptodon  renda lli  (7 0 -3 5 5  m m  L t ).

L e n g t h  a n d  w e i g h t

T h e  L e n g th -w e ig h t re la tio n sh ip  fo r  th e  th re e  la rg e  c ich lid s  is  su m m a rise d  in  T a b le  5.2 . T h e  le n g th - 

w e ig h t re la tio n sh ip  fo r  O. anderson ii  w a s  d e fin e d  b y  re la tio n  W (g ) = 0 .0 0 0 8  L t (m m )23037 w h ile  O. 

m acroch ir  w a s  d e fin e d  b y  th e  re la tio n  W (g ) = 0 .0 0 0 0 2  L t  (m m )2 9529, w h e re a s  th e  C. renda lli  w as  

d e fin e d  b y  W (g ) = 0 .0 0 0 0 4  L t  (m m )2 8931.

T A B L E  5 .2 .  M o rp h o m e tric  re la tio n sh ip s  fo r  (C o m b in e d  sex es) o f  O reochrom is andersonii, 

O reochrom is m acroch ir  an d  Coptodon  renda lli fro m  C h o b e  K a v im b a  f lo o d p la in s , Z ib a d ia n ja  

L a g o o n  an d  S av u ti R iv e r  (W T = w e ig h t an d  LT=total len g th ).

S p e c ie s R e la t io n s h ip r 2 n

O reochrom is anderson ii W (g ) = 0 .0 0 0 8  L t  (m m )2 3037 0 .9073 201

O reochrom is m acroch ir W (g ) = 0 .0 0 0 0 2  L t  (m  m  )2 ■9529 0 .9 2 7 9 108

Coptodon  renda lli W (g ) = 0 .0 0 0 0 4  L t  (m m )2 8931 0 .8 9 9 7 117

M e a n  c o n d i t i o n  f a c t o r

M e a n  c o n d itio n  fa c to r  d iffe red  s ig n if ic a n tly  b e tw e e n  sy s te m s  (Z ib a d ia n ja  v s  S av u ti, Z ib a d ia n ja  vs  

C h o b e ) (D u n n ’s M e th o d ; p < 0 .0 5 ) an d  b e tw e e n  sp ec ie s , b u t d id  n o t d iffe r  s ig n ific a n tly  b e tw e e n  

th e  S av u ti an d  C h o b e  R iv e rs . M e a n  c o n d itio n  fa c to r  b e tw e e n  th e  sy s te m s  an d  b e tw e e n  th e  sp ec ie s  

is  su m m a rise d  in  T ab le  5.3. In  O. anderson ii  m e a n  K -v a lu e  w a s  s ig n ific a n tly  h ig h e r  (D u n n ’s 

M e th o d ; p < 0 .0 5 ) in  th e  Z ib a d ia n ja  L a g o o n  (K = 1 .8  ±  0 .3 ), fo llo w e d  b y  S av u ti R iv e r  (K = 1 .7  ±  0 .3 ) 

an d  la s tly  b y  C h o b e  K a v im b a  f lo o d p la in s  (K = 1 .6  ±  0 .2 ). T h e re  w a s  n o  s ig n ific a n t d iffe ren c e  

(D u n n ’s M e th o d , p > 0 .0 5 ) b e tw e e n  th e  m e a n  c o n d itio n  fa c to r  fo r  O. anderson ii  in  C h o b e  K a v im b a
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f lo o d p la in s  an d  th e  S av u ti R iv e r. T h e  m e a n  c o n d itio n  fa c to r  fo r  C. renda lli  w a s  s ig n ific a n tly  

h ig h e r  (M a n n -W h itn e y  R a n k  sum  te st; p < 0 .0 0 1 ) in  th e  Z ib a d ia n ja  L a g o o n  (K = 2 .2 2  ±  0 .6 7 ) th a n  

in  th e  S av u ti R iv e r  (K = 1 .6 8  ±  0 .24 ). F o r  O. m acroch ir  m e a n  K -v a lu e  w a s  s ig n if ic a n tly  h ig h e r in  

th e  Savu ti R iv e r  (K = 2 .1 8  ±  0 .8 3 ) an d  in  th e  Z ib a d ia n ja  L a g o o n  (K = 2 .1 3  ±  0 .1 7 ) th a n  in  th e  C h o b e  

R iv e r  (K = 1 .8 3  ±  0 .13).

T A B L E  5 .3 .  M e a n  C o n d itio n  fa c to r  b e tw e e n  th e  sy stem s an d  b e tw e e n  th e  sp ec ie s  O reochrom is  

anderson ii, O reochrom is m acroch ir  an d  Coptodon  renda lli  fro m  C h o b e  R iv e r  an d  K a v im b a  

f lo o d p la in s , Z ib a d ia n ja  L a g o o n  an d  S av u ti R iv e r  an d  M a rsh  sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  

an d  A p ril 2015

S p e c ie s N o . A r e a M e a n  K S . D

O reochrom is anderson ii 81 C h o b e /K a v im b a 1.6 0.2

O reochrom is anderson ii 41 Z ib a d ia n ja  L a g o o n 1.8 0.3

O reochrom is anderson ii 69 S av u ti R iv e r  an d  M a rsh 1.7 0.3

Coptodon  renda lli 69 Z ib a d ia n ja  L a g o o n 2 .2 0.7

Coptodon  renda lli 30 S av u ti R iv e r  an d  M a rsh 1.7 0.2

O reochrom is m acroch ir 31 C h o b e /K a v im b a 1.8 0.1

O reochrom is m acroch ir 28 Z ib a d ia n ja  L a g o o n 2.1 0 .2

O reochrom is m acroch ir 42 S av u ti R iv e r  an d  M a rsh 2 .2 0.8

R e p r o d u c t io n  

S e x  r a t io

T h e  sex  ra tio  o f  O. anderson ii, O. m acroch ir  an d  C. renda lli  are  su m m a rise d  in  T a b le  5.4. T h e  sex  

ra tio  o f  th e  th re e -sp e c ie s  d iffe red  b e tw e e n  th e  s ta tio n s. H o w ev e r, th e  sex  ra tio  o f  O. anderson ii 

an d  O. m acroch ir  d id  n o t d iffe r  s ig n if ic a n tly  b e tw e e n  th e  r iv e r  sy s te m s  (P > 0 .0 5 ), w h e re a s  th e  sex  

ra tio  o f  C. renda lli w e re  s ig n ific a n tly  sk ew e d  (P < 0 .0 5 ) to w a rd s  m a le s  in  a ll th e  r iv e r  sy stem s.
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T A B L E  5 .4 .  S e x  r a tio  a n d  x 2 t e s t  s ta t is t ic s  ( d f = 1 )  o f  m a tu r e  O reochrom is andersonii, 

O reochrom is m acroch ir  a n d  Coptodon  renda lli  s a m p le d  in  th e  C h o b e  K a v im b a  f lo o d p la in s , 

Z ib a d ia n ja  L a g o o n  a n d  S a v u ti R iv e r  a n d  M a r s h  in  B o t s w a n a  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il  

2 0 1 5

S p e c ie s N S e x  r a t io  F :  M C o l l e c t iv e p

O. anderson ii

C h o b e  K a v im b a 7 9 1 :1 .3

Z ib a d ia n ja 41 1 :1 .3 9 3 :9 5 > 0 .0 5

S a v u ti 6 8 1 :1 .1

O. m acro ch ir

C h o b e  K a v im b a 4 9 1 :0 .4 5 8 :5 8 > 0 .0 5

Z ib a d ia n ja 2 8 1 :1 .5

S a v u ti 4 7 1 :0 .6

C. renda lli

C h o b e  K a v im b a 8 1 :3 .0 7 7 : 3 0 < 0 .0 5

Z ib a d ia n ja 6 9 1 :2 .3

S a v u ti 3 0 1 :3 .3

M a t u r i t y

A  p r e lim in a r y  a s s e s s m e n t  o f  r e p r o d u c t iv e  a c t iv it y  s h o w e d  th a t d e v e lo p in g ,  r ip e  a n d  sp e n t  s ta g e s  

w e r e  p r e s e n t  in  th e  p o p u la t io n  d u r in g  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 2 0 1 5  (F ig u r e  5 .1 ) .  In  

S e p te m b e r , 3 0 %  o f  s p e c im e n s  w e r e  r ip e  a n d  b y  D e c e m b e r  4 3 %  w e r e  in  a  sp e n t  c o n d itio n .  T h is  

in d ic a te s  th a t th e  p e a k  s p a w n in g  s e a s o n  w a s  b e t w e e n  S e p te m b e r  a n d  D e c e m b e r .  B y  A p r il,  6 0 %  o f  

m a tu re  f i s h  w e r e  s p e n t  w h i l e  2 4 %  w e r e  r e s t in g  a n d  v e r y  f e w  (4 % ) w e r e  r ip e . D a ta  fo r  a ll th e  

m o n th s  w e r e  th e r e fo r e  u s e d  fo r  th e  s u b s e q u e n t  in  a s s e s s m e n t  o f  m a tu r ity .
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F ig u r e  5 .1 .  R e p ro d u c tiv e  sea so n a lity  fo r  all th re e  la rg e  c ich lid s  in  C h o b e  D is tr ic t  sam p led  b e tw e e n  

S e p te m b e r 2 0 1 4  an d  A p ril 2015

L e n g t h  a t  5 0 %  m a t u r i t y

L e n g th  a t 5 0 %  m a tu rity  fo r  O. anderson ii  in  th e  S av u ti R iv e r  w a s  2 5 0  m m  L t  (S l  = 1 8  m m -1 L t ) 

(F ig u re  5 .2 ). F o r  C. renda lli  a t Z ib a d ia n ja  L a g o o n  it  w a s  2 1 0  m m  L t  (S l  = 25  m m -1 L t ) (F ig u re  

5 .3 ) an d  le n g th  a t 5 0 %  m a tu rity  fo r  O. m acroch ir  in  th e  S av u ti R iv e r  w a s  225  m m  L t  (S l  = 1 4  m m - 

1 L t ) (F ig u re  5.4).

F ig u r e  5 .2 .  L o g is tic  o g iv e s  f it te d  to  th e  p ro p o r tio n  o f  re p ro d u c tiv e ly  ac tiv e  O. anderson ii  fo r  

S av u ti R iv e r  an d  m a rsh  in  th e  C h o b e  d is tric t, B o tsw a n a , sam p led  b e tw e e n  S e p te m b e r 2 0 1 4  and  

A p ril 2 0 1 5 , (n= 78).
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F ig u r e  5 .3 .  L o g is t ic  o g iv e s  f it te d  t o  th e  p r o p o r tio n  o f  r e p r o d u c t iv e ly  a c t iv e  Coptodon renda lli  fo r  

Z ib a d ia n ja  L a g o o n  in  th e  C h o b e  d is tr ic t , B o t s w a n a ,  s a m p le d  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 

2 0 1 5 ,  ( n = 8 2 ) .

F ig u r e  5 .4 .  L o g i s t i c  o g iv e s  f it te d  t o  th e  p r o p o r tio n  o f  r e p r o d u c t iv e ly  a c t iv e  Oreochromis m acroch ir  

fo r  S a v u ti R iv e r  in  th e  C h o b e  d is tr ic t , B o t s w a n a  sa m p le d  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 2 0 1 5 ,  

( n = 4 7 ) .

9 2



L e n g t h  m a tu r it y  a t  a g e  a n d  m a x im u m  g i l ln e t  s e le c t iv i t y

T h e  le n g th  at m a tu r ity  fo r  O. anderson ii  ( 2 5 0  m m  L t ), O. m acroch ir  ( 2 2 5  m m  L t )  a n d  C. renda lli 

( 2 1 0  m m  L t )  c o r r e s p o n d  t o  9 3  m m  m e s h  s iz e  a n d  m a tu r ity  at t w o  y e a r s . T a b le  5 .5  s u m m a r ise s  th e  

le n g th  m a tu r ity  at a g e  a n d  T a b le  5 .6  s h o w s  p r e d ic te d  le n g th  c la s s  at m a x im u m  s e le c t iv i t y  fo r  

d if fe r e n t  g i l ln e t  s e le c t iv i t y  c u r v e s  fo r  th e  la r g e  c ic h l id s  in  C h o b e  D is tr ic t .

T A B L E  5 .5 . L e n g th  m a tu r ity  at a g e  a n d  c o r r e s p o n d in g  m e s h  s iz e  fo r  th e  C h o b e  d is tr ic t , 

B o t s w a n a  la r g e  c ic h l id s  s a m p le d  b e t w e e n  S e p te m b e r  2 0 1 4  a n d  A p r il 2 0 1 5 .

S p e c ie s L e n g th  at m a tu r ity C o r r e s p o n d in g  m e s h  s iz e C o r r e s p o n d in g  y e a r

O. anderson ii 2 5 0  m m  L t 9 3  m m 2

O. m acroch ir 2 2 5  m m  L t 9 3  m m 2

C. renda lli 2 1 0  m m  L t 9 3  m m 2

T A B L E  5 .6 .  P r e d ic te d  le n g th  c la s s  at m a x im u m  s e le c t iv i t y  fo r  d if fe r e n t  g i l ln e t  s e le c t iv i t y  c u r v e s  

fo r  O reochrom is anderson ii, O reochrom is m acroch ir  a n d  Coptodon  renda lli (A d a p te d  fr o m  P e e l ,  

2 0 1 2 ) .

M e s h  s iz e

S p e c ie s 4 5  m m 5 7  m m 7 3  m m 9 3  m m 1 1 8  m m 1 5 0  m m

O. anderson ii - 1 6 0 2 0 0 2 6 0 3 3 0 4 2 0

O. m acroch ir - - 1 9 0 2 4 0 3 0 0 -

C. renda lli 1 2 0 1 6 0 2 0 0 2 5 0 - -

5 .4  D i s c u s s i o n

T h e  r e s u lts  o f  th is  s tu d y  su p p o r t th e  h y p o th e s is  th a t  le n g th  at m a tu r ity  d i ffe r e d  s l ig h t ly  b e t w e e n  

O. andersonii, O. m acroch ir  a n d  C. rendalli. S tu d ie s  in  th e  r e p r o d u c t iv e  l i f e  h is to r y  o f  t i la p i in e  

c ic h lid s  h a v e  r e p o r ted  v a r ia t io n  in  s iz e  at f ir s t  s e x u a l m a tu r ity  (F r y e r  &  I I e s ,1 9 7 2 ;  v a n  d er  

W a a l,1 9 8 5 ;  K o ld in g ,  1 9 9 3 ) . T h is  i s  a ttr ib u ta b le  t o  th e  p r e v a i lin g  e n v ir o n m e n ta l c o n d it io n s  

e x p e r ie n c e d  b y  th e  f i s h  p o p u la t io n . F o r  e x a m p le ,  in  th e  O k a v a n g o  D e l t a ,  M e r r o n  a n d  B r u to n  

( 1 9 8 8 )  o b s e r v e d  th a t O. anderson ii  in  s m a ll  f lo o d p la in s  c o n n e c t e d  t o  la g o o n s  w e r e  s tu n te d  in  

c o m p a r iso n  t o  f i s h  in  s ta b le  p e r m a n e n t w a te r  o f  th e  p a n h a n d le  a n d  la r g e  o x  b o w  la k e . T h is  a g r e e s  

w it h  th e  f in d in g s  in  th e  L o w e r  S h ir e  R iv e r  f lo o d p la in  in  M a la w i  w h e r e  O reochrom is m ossam bicus
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m a tu r e d  at a  s m a l le r  s iz e  d u e  t o  f i s h in g  p r e s su r e  a n d  a  h y d r o lo g ic a l ly  u n s ta b le  e n v ir o n m e n t  

(C h im a tir o , 2 0 0 4 ) .  H o w e v e r ,  th e  le n g th  at m a tu r ity  in  th e  C h o b e  d is tr ic t  w a s  c o m p a r a b le  t o  a  s tu d y  

o n  la r g e  c ic h lid s  c o n d u c te d  b y  P e e l  ( 2 0 1 2 )  in  th e  Z a m b e z i  r e g io n  ( N a m ib ia ) , w h ic h  sh a r e s  th e  

w a te r s  w ith  th e  C h o b e  R iv e r .

T h e  r e s u lts  s h o w  th a t th e  le n g th  at 5 0 %  m a tu r ity  fo r  m a le  a n d  f e m a le  O. anderson ii  in  th e  S a v u ti 

R iv e r  w a s  s l ig h t ly  h ig h e r  ( 2 5 0  m m  L t)  th a n  th e  le n g th  at 5 0 %  m a tu r ity  fo r  O. m acroch ir  in  th e  

S a v u ti R iv e r ,  a n d  C. renda lli ( 2 1 0  m m  L t )  in  th e  Z ib a d ia n ja  L a g o o n .  T h e  r e s u lt s  fo r  O. anderson ii 

c o n c u r  w it h  o th e r  s tu d ie s  in  th e  r e g io n . F o r  e x a m p le ,  T r e w a v a s  ( 1 9 8 3 )  r e p o r ted  th a t le n g th  at 5 0 %  

m a tu r ity  (L m )  fo r  O. anderson ii  w a s  2 4 .4  c m  in  th e  Z a m b e z i  R iv e r ,  w h i l e  P e e l  ( 2 0 1 2 )  r e p o r ted  a 

2 5 4  m m  L t  in  L a k e  L ia m b e z i  in  th e  Z a m b e z i  r e g io n . T h e s e  f in d in g s  w e r e  a ls o  c o n s is t e n t  w ith  

le n g th  at 5 0 %  m a tu r ity  ( 2 5 - 2 7 c m )  r e p o r te d  b y  H a y  ( 2 0 0 3 )  in  th e  K w a n d o  R iv e r . H o w e v e r ,  t h e s e  

le n g th s  at 5 0 %  m a tu r ity  w e r e  s l ig h t ly  h ig h e r  th a n  m a tu r ity  le n g th  fo r  O. anderson ii  r e p o r ted  in  th e  

O k a v a n g o  D e l t a  ( 1 0 5 - 5 5  m m ),  Z a m b e z i  ( 2 4 0  m m  L t )  a n d  K a v a n g o  R iv e r s  ( 2 3 8  m m  L t )  (M erro n , 

1 9 9 1 ;  P e e l , 2 0 1 2 ) .  T h e s e  v a r ia t io n s  m a y  b e  a c c o u n t e d  fo r  b y  th e  e c o lo g i c a l  o p p o r tu n it ie s  p r o v id e d  

b y  e a c h  s y s t e m  a n d  th e  a v a i la b i lit y  o f  f o o d  a n d  h a b ita t  n e e d e d  fo r  g r o w th  (A b d u l , 2 0 0 9 ;  M erro n , 

1 9 9 1 ) . G rea ter  le n g th  at 5 0 %  m a tu r ity  h a s  b e e n  a s s o c ia t e d  w it h  f a v o u r a b le  e n v ir o n m e n ta l  

c o n d it io n s  a n d  sh o r ter  le n g th  at m a tu r ity  h a s  b e e n  a s s o c ia t e d  w it h  h a rsh er , le s s  f a v o u r a b le  

c o n d it io n s  (J a m e s  &  B r u to n , 1 9 9 2 ) .

T h e  le n g th  a t 5 0 %  m a tu r ity  fo r  O. m acroch ir  in  th e  S a v u ti R iv e r  ( 2 2 5  m m  L t )  w a s  c o m p a r a b le  to  

th e  2 3 0  m m  L t  a n d  2 2 1  m m  L t  r e p o r ted  at L a k e  L ia m b e z i , b u t  s l ig h t ly  g r e a ter  th a n  th e  2 1 5  m m  

L t  r e p o r ted  in  th e  K w a n d o  R iv e r  (v a n  d er  W a a l ,1 9 8 5 ;  P e e l ,  2 0 1 2 ) .  H o w e v e r ,  th e  le n g th  at m a tu r ity  

fo r  O. m acroch ir  in  th e  Z a m b e z i  R iv e r  w a s  h ig h e r  ( 2 5 4  m m  L t )  th a n  th e  le n g th  at m a tu r ity  in  th e  

S a v u ti R iv e r  ( 2 2 5  m m  L t ). T h e  g r e a te r  le n g th  at m a tu r ity  in  th e  Z a m b e z i  R iv e r  i s  in c o n s is te n t  w ith  

th e  a s s e r t io n  th a t  u n d e r  f i s h in g  p r e ssu r e , f i s h  s p e c ie s  m a tu re  e a r ly  t o  e n a b le  th e m  t o  r e p r o d u c e  

r a p id ly  in  th e  v a r ia b le  e n v ir o n m e n t  ( B o o t h  &  M e r r o n , 1 9 9 6 ;  C h im a tir o , 2 0 0 4 ) .

L e n g th  at 5 0 %  m a tu r ity  fo r  C. renda lli  in  th e  Z ib a d ia n ja  L a g o o n  w a s  s m a lle r  ( 2 1 0  m m  L t )  w h e n  

c o m p a r e d  t o  th e  2 1 8  m m  L t  o f  C. renda lli  in  m a le s  b u t  c o m p a r a b le  to  th e  2 0 5  m m  in  f e m a le s  at 

L a k e  C h ic a m b a  in  M o z a m b iq u e  ( W e y l  &  H e c h t ,  1 9 9 8 ) . T h e s e  m a tu r ity  le n g th s  w e r e  h ig h e r  th a n  

th e  le n g th s  at 5 0 %  m a tu r ity  r e c o r d e d  in  L a k e  L ia m b e z i  ( 1 0 9  m m  S L ), K a v a n g o  ( 1 9 5  m m  L t ) , an d
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in  K w a n d o  (2 0 3  m m  L t )  (v a n  d er  W a a l, 1 9 8 5 ;  P e e l ,  2 0 1 2 ) .  T h e  r e s u lts  fo r  O. anderson ii  a n d  C. 

renda lli  in d ic a te  th a t, d e s p i te  th e  in te r lin k in g  o f  t h e s e  r iv e r  s y s t e m s  d u r in g  h ig h  in u n d a tio n s ,  

s p e c ie s  in h a b it in g  t h e s e  s y s te m s  m a tu r e s  at d i ffe r e n t  le n g th s  o w in g  t o  d i f f e r e n c e s  in  e n v ir o n m e n ta l  

fa c to r s . D if f e r e n c e s  m a y  a ls o  b e  d u e  t o  g e n e t ic  d i f f e r e n c e s  b e t w e e n  th e  th r e e  s p e c ie s .  F o r  e x a m p le , 

O. anderson ii  g r o w s  la r g e r  ( 4 0 0  m m  L t )  th a n  O. m acroch ir  ( 3 0 0  m m  L t )  a n d  C. renda lli ( 3 5 5  m m  

L t )  a s  w a s  o b s e r v e d  in  th e  cu rren t s tu d y .

L e n g t h - w e i g h t  r e la t io n s h ip

In  f is h ,  w e i g h t  i s  th e  fu n c t io n  o f  le n g th  (W e a th e r ly  &  G i ll , 1 9 8 7 ) .  In  th is  s tu d y , th e  r e g r e s s io n  

c o e f f ic ie n t  ( b - v a lu e s )  fo r  O. anderson ii, O. m acroch ir  a n d  C. renda lli  r a n g e d  fr o m  2 .3 - 2 .9  

s ig n i f y in g  th e  n e g a t iv e  a l lo m e t r ic  g r o w th  a m o n g  a ll th e  th r e e  s p e c ie s  ( G a y a n i lo  &  P a u ly ,  1 9 9 7 ) . 

O th er  d is ta n t  p r e v io u s  s tu d ie s , h a v e  a ls o  r e c o r d e d  n e g a t iv e  a l lo m e tr ic  g r o w th  in  t ila p ia s . F o r  

e x a m p le ,  k in g  r e p o r te d  n e g a t iv e  a l lo m e t r ic  g r o w th  in  t i la p ia  m a r ia e  in  la k e  U m u o s e r ic h e  in  

N ig e r ia .

C o n d i t i o n  f a c t o r

T h e  r e s u lts  o f  th is  s tu d y  su p p o r t th e  h y p o th e s is  th a t f i s h  c o n d it io n  fa c to r  v a r ie s  a c c o r d in g  to  

w a te r b o d y  a n d  r e g io n . In  th e  cu rren t s tu d y , th e  m e a n  c o n d it io n  fa c to r  b e t w e e n  th e  r iv e r  s y s te m  

w a s  > 1  w ith  m e a n  K - v a lu e s  r a n g in g  fr o m  1 .6 2 - 2 .2 2 .  T h is  s ig n i f ie s  g o o d  p h y s io lo g ic a l  f is h  

c o n d it io n s  ( L e  C ren , 1 9 5 1 ) .

C o n d itio n  fa c to r s  fo r  th e  th r e e  la r g e  c ic h l id s  in  th e  C h o b e  d is tr ic t  v a r ie d  b e t w e e n  s ta t io n s . T h e s e  

v a r ia t io n s  in  c o n d it io n  fa c to r  fr o m  o n e  lo c a l i ty  t o  th e  o th e r  m a y  b e  d u e  t o  v a r io u s  c o m b in e d  

fa c to r s . In  tr o p ic a l a n d  su b -tr o p ic a l r iv e r  s y s t e m s ,  t h e s e  v a r ia t io n s  m a y  b e  in f lu e n c e d  b y  b o th  b io t ic  

a n d  a b io t ic  fa c to r s  ( A n e n e ,  2 0 0 5 ) ,  su c h  a s  e c o lo g ic a l  c o n d it io n s ,  v a r ia t io n  in  p r o d u c t iv i ty  o f  th e  

r iv e r  s y s t e m , s e a s o n a l ity ,  e n v ir o n m e n ta l p a ra m eters , s ta te  o f  g o n a d a l d e v e lo p m e n t , a v a i la b i lit y  o f  

f o o d  a n d  f e e d in g  r e g im e  ( L e  C ren , 1 9 5 1 ;  O n i e t  a l., 1 9 8 3 ;  O g id ia k a  &  E s e n o w o ,  2 0 1 5 ) .

T h e  r e s u lts  o f  th is  s tu d y  a ls o  s h o w  th a t s e x  r a t io s  a c r o s s  th e  s tu d y  s p e c ie s  w e r e  s k e w e d  to w a r d s  

m a le s .  T h is  i s  b e c a u s e  m a le s  te n d  to  s h o w  terr ito r ia l a g g r e s s iv e  b e h a v io u r , a n d  are th e r e fo r e  m o r e  

v u ln e r a b le  t o  e x p lo i ta t io n ,  e s p e c ia l ly  t o  a n g l in g ,  a s  w a s  th e  c a s e  in  th is  s tu d y  (T u rn er  &
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H u n tin g fo r d , 1 9 8 7 ) .  T h e  o th e r  fa c to r s  th a t c o n tr ib u te d  t o  th e  r a t io s  m a y  h a v e  b e e n  s e g r e g a t io n  

d u r in g  s p a w n in g ,  g e a r  s e le c t iv i t y  a n d  s a m p le  s ite  ( A d m a s s u ,  1 9 9 4 ) .

T h e  r e s u lts  o f  th is  s tu d y  s h o w  th a t la r g e  c ic h l id s  in  th e  C h o b e  d is tr ic t  r e p r o d u c e  in  s u m m e r  fr o m  

S e p te m b e r  t o  M a rch . T h is  w a s  r e v e a le d  b y  th e  p r e s e n c e  o f  m a tu r e  g o n a d s  in  th e  s a m p le s  fro m  

S e p te m b e r  t o  M a rch . T h e s e  f in d in g s  a g r e e  w it h  p r e v io u s  s tu d ie s  c o n d u c te d  in  t h e  r e g io n  (M e r r o n , 

1 9 8 9 a ;  v a n  d er  W a a l, 1 9 8 5 ;  P e e l ,  2 0 1 2 ) .  T h e s e  w e r e  a ls o  c o n s is t e n t  w it h  f in d in g s  at L a k e  

C h ic a m b a  in  M o z a m b iq u e ,  w h e r e  r e p r o d u c t iv e  a c t iv it y  o f  c ic h l id s  w a s  c o n f in e d  t o  s u m m e r  fr o m  

S e p te m b e r  t o  M a y ,  w h e n  m e a n  te m p e r a tu r e s  w e r e  m o r e  th a n  2 4  oC  ( W e y l  &  H e c h t ,  1 9 9 8 ) .

R e c o m m e n d e d  m e s h  s iz e  a n d  c lo s e d  s e a s o n

T h is  s tu d y  s h o w s  th a t le n g th  at 5 0 %  m a tu r ity  o f  O. andersonii, O. m acroch ir  a n d  C. renda lli in  

C h o b e  d is tr ic t  w e r e  c o m p a r a b le  t o  t h o s e  r e p o r ted  b y  P e e l  ( 2 0 1 2 )  in  th e  Z a m b e z i  R e g io n  ( N a m ib ia ) .  

In  th e  C h o b e  d is tr ic t , th e  le n g th  at m a tu r ity  fo r  O. andersonii, O. m acroch ir  a n d  C. renda lli 

c o r r e s p o n d e d  t o  a  9 3 - m m  m e s h  s iz e ,  a t w h ic h  a ll t h e s e  s p e c ie s  are m a tu re . T h e  le g a l m in im u m  

m e s h  s iz e  in  th e  C h o b e  d is tr ic t  i s  4  in c h e s  ( 1 0 0  m m ). T h is  m e s h  s iz e  s h o u ld  b e  m a in ta in e d  a s  is , 

b e c a u s e  it  a l lo w s  la r g e  c ic h l id s  t o  m a tu re  a n d  b r e e d  b e f o r e  b e in g  h a r v e s te d . H o w e v e r ,  in  th e  

Z a m b e z i  r e g io n  (N a m ib ia ) , th e  le n g th  at m a tu r ity  fo r  s o m e  s p e c im e n  (O. m acroch ir  a n d  C. renda lli 

at K a v a n g o ) ,  c o r r e s p o n d e d  t o  a  7 3 -m m  m e s h  s iz e  ( P e e l , 2 0 1 2 ) .  T h is  le n g th  at m a tu r ity  w a s  lo w e r  

a n d  im p l ie s  th a t  t h e s e  s p e c ie s  m a y  b e  b e in g  h a r v e s te d  b e f o r e  m a tu ra tio n . T h is  i s  b e c a u s e  th e  

m in im u m  le g a l  m e s h  s iz e  in  N a m ib ia  i s  3 ’ ’in c h e s  ( 7 6  m m )  ( N a m ib ia n ,  In la n d  A c t  M F M R , 2 0 0 3 ) .  

T h e r e fo r e , P e e l  ( 2 0 1 2 )  r e c o m m e n d e d  a  m e s h  s iz e  o f  8 9  m m  s o  th a t th is  s p e c ie s  c o u ld  m a tu re  an d  

b r e e d  b e f o r e  b e in g  h a r v e s te d . T h is , th e n , im p l ie s  th a t th e  m e s h  s iz e s  o f  3 .5  ( 8 9  m m )  r e c o m m e n d e d  

b y  P e e l  ( 2 0 1 2 )  a n d  th e  cu rren t 4  in c h e s  ( 1 0 0  m m )  u s e d  b y  c o m m e r c ia l  f is h e r m e n  in  B o ts w a n a  are  

c o m p a tib le .  T h e s e  m e s h  s iz e  c a n  b e  a p p lie d  in  b o th  c o u n tr ie s , a s  la r g e  c ic h l id s  in  t h e s e  a reas  

m a tu re  at a b o u t  th e  s a m e  s iz e ,  a n d  t h e s e  m e s h  s iz e s  w i l l  a l lo w  la r g e  c ic h l id s  t o  m a tu re  a n d  b r e e d  

at le a s t  o n c e  b e f o r e  b e in g  h a r v e s te d .

T h is  s tu d y  h a s  a ls o  r e v e a le d  th a t th e  s p a w n in g  o f  la r g e  c ic h l id s  in  th e  C h o b e  d is tr ic t  ( B o t s w a n a )  

o c c u r s  in  s u m m e r  fr o m  S e p te m b e r  t o  M a r c h . T h is  c o r r e s p o n d s  w it h  th e  s p a w n in g  s e a s o n  fo r  la r g e  

c ic h lid s  in  th e  Z a m b e z i  r e g io n  (N a m ib ia ) . T h e r e fo r e , B o t s w a n a ’ s f i s h  c lo s e d  s e a s o n  fr o m  31  

D e c e m b e r  t o  th e  e n d  o f  F e b r u a r y  c o u ld  b e  e x t e n d e d  to  N a m ib ia .  T h is  w i l l  e n s u r e  th a t  th e  f is h
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p o p u la t io n  i s  p r o te c te d  in  b o th  c o u n tr ie s  d u r in g  th e  r e p r o d u c t io n  p h a s e  a n d  r e c o v e r y  p h a s e  to  

e n s u r e  s u c c e s s fu l  r e c r u itm e n t  a n d  t o  r e d u c e  o f  f i s h  m o r ta lity  ( B h u k a s w a n , 1 9 8 0 ) . T h is  w i l l  fu r th er  

r e d u c e  r e s o u r c e  c o n f l ic t s  a m o n g  t h e s e  r ip a r ia n  c o m m u n it ie s .

T h e  s u b s is t e n c e  a n d  c o m m e r c ia l  f i s h in g  s e a s o n  fo r  B o ts w a n a  sp a n s  fr o m  th e  1 M a r c h  t o  31  

D e c e m b e r  e a c h  y e a r  ( F is h  R e g u la t io n s ,  2 0 0 8 ) .  H o w e v e r ,  th e  cu rren t s tu d y  s h o w s  th a t s o m e  c ic h l id  

s p e c ie s  s t ill  s p a w n  in  M a r c h , e s p e c ia l ly  in  th e  K a v im b a  f lo o d p la in s .  T h e r e fo r e , th e  cu rren t f i s h in g  

m o r a to r iu m  fr o m  D e c e m b e r  31  t o  th e  e n d  o f  F e b r u a r y  s h o u ld  b e  a m e n d e d  t o  in c lu d e  M a rch . T h e  

o v e r a ll  m a n a g e m e n t  r e c o m m e n d a t io n s  are s u m m a r is e d  in  C h a p ter  6.
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C H A P T E R  6 : C O N C L U S I O N S  A N D  M A N A G E M E N T  R E C O M M E N D A T I O N S

In la n d  f is h in g  r e m a in s  an  e s s e n t ia l  s o u r c e  o f  f o o d , n u tr it io n , in c o m e  a n d  l iv e l ih o o d s  fo r  m il l io n s  

o f  p e o p le  a ro u n d  th e  w o r ld  (F A O , 2 0 1 6 ) .  D e s p i t e  th is  s ig n if ic a n t  r o le  in  g lo b a l  f o o d  s e c u r ity  an d  

l i v e l ih o o d s ,  f i s h in g  p r e s su r e  h a s  d im in is h e d  th e  p r o d u c t iv e  c a p a c i ty  o f  m a n y  in la n d  f is h e r ie s  

(F A O , 2 0 1 6 ) .  In  t h e  e n tir e  Z a m b e z i  r iv e r  s y s t e m  a n d  i ts  tr ib u ta r ie s , fo r  e x a m p le ,  a lm o s t  a ll 

f is h e r ie s  h a v e  e x p e r ie n c e d  s e v e r e  d e c l in e s  in  c a tc h  ra tes  ( T w e d d le  e t  a l., 2 0 1 5 ) .  T h is  h a s  b e e n  

a ttr ib u ted  to  in c r e a s e d  e f fo r ts  th r o u g h  c o m m e r c ia l i s a t io n  o f  th e  f i s h in g  a n d  th e  in tr o d u c t io n  o f  

m o r e  e f f ic ie n t  m o n o f ila m e n t  g i l ln e ts ,  c o u p le d  w it h  th e  u s e  o f  d e s tr u c t iv e  f i s h in g  m e th o d s  

( T w e d d le  e t  a l., 2 0 1 5 ) .  In  m a n y  f is h e r ie s ,  th is  h a s  r e s u lte d  in  lo s s  o f  th e  la r g e r  a n d  m o r e  v a lu a b le  

f i s h  s p e c ie s  ( W e y l  e t  a l., 2 0 0 4 b ,  2 0 0 5 b ,  2 0 1 0 ) .  T h e  r e s u lts  o f  th e  cu rren t s tu d y  d e m o n s tr a te  th a t  

th e  e v id e n c e  o f  d e p le t io n  o f  la r g e r  a n d  o ld e r  f i s h  in  th e  e x p lo i te d  a rea s  o f  th e  C h o b e  R iv e r  

f lo o d p la in ,  c a n  b e  a d d e d  t o  p r e v io u s  e v id e n c e  o f  o v e r f is h in g  in  a ll p a rts  o f  th e  U p p e r  Z a m b e z i  

R iv e r ,  in c lu d in g  th e  B a r o t s e  f lo o d p la in ,  L a k e  L ia m b e z i  a n d  th e  K a fu e  f la t s  f lo o d p la in s  ( T w e d d le  

e t  a l., 2 0 1 5 ) .

O w in g  to  th e  g lo b a l  c o n c e r n  o v e r  d e c lin in g  f i s h  s to c k s ,  F A O  h a s  s e t  a  c o d e  o f  c o n d u c t  fo r  

r e s p o n s ib le  f is h e r ie s  t o  b e  u s e d  a s  a  g lo b a l  r e fe r e n c e  fo r  s u s ta in a b le  f is h e r ie s  (C o c h r a n e , 2 0 0 2 ;  

F A O , 2 0 1 6 ) .  O n e  o f  th e  s u g g e s te d  fu n d a m e n ta l p r in c ip le s  o f  f is h e r ie s  m a n a g e m e n t  s ta te s  th a t  th e  

b io lo g ic a l  p r o d u c t io n  o f  f i s h  s to c k  i s  th e  fu n c t io n  o f  th e  s iz e  o f  s to c k  a n d  o f  th e  e c o lo g ic a l  

e n v ir o n m e n t , w h ic h  c a n  b e  in f lu e n c e d  b y  n a tu ra l o r  a n th r o p o g e n ic  fa c to r s  (C o c h r a n e , 2 0 0 2 ) .  

T h e r e fo r e , t o  g u a rd  a g a in s t  th e  c o l la p s e  o f  f is h e r ie s ,  th e r e  i s  n e e d  t o  u n d e r sta n d  n o t  o n ly  th e  

b io lo g y ,  l i f e  h is to r y  a n d  d is tr ib u tio n  o f  ta r g e t  s p e c ie s ,  b u t  a ls o  e x p lo i ta t io n  fa c to r s  w h e n  

d e v e lo p in g  s tr a te g ie s  to  e n s u r e  e f f e c t iv e  c o n s e r v a t io n  a n d  m a n a g e m e n t  ( K in g ,  1 9 9 5 ) .

T h is  s tu d y  h a s  h e lp e d  t o  e n h a n c e  th e  u n d e r s ta n d in g  o f  th e  f is h e r ie s  o f  th e  f lo o d p la in  in  th e  C h o b e  

r e g io n . T h e  s tu d y  d e m o n s tr a te s  th a t f i s h  c o m m u n it ie s  in  th e  f lo o d p la in  e c o s y s t e m s  in  th e  C h o b e  

d is tr ic t  w e r e  r e p r e s e n ta t iv e  o f  th e  r e g io n ,  c o n t a in in g  s o m e  7 0  s p e c ie s  in  14  f a m il ie s  (C h a p te r  2 ) . 

F is h in g  p r e s su r e  in  th e  C h o b e  R iv e r  d id  n o t  a f fe c t  f i s h  d iv e r s i ty  a n d  r ic h n e s s .  S u r v e y s  in  C h a p ter  

2 , fo r  e x a m p le ,  d e m o n s tr a te d  th a t  th e  h ig h ly - e x p lo i t e d  C h o b e  R iv e r  h a d  g r e a te r  s p e c ie s  d iv e r s i ty  

a n d  r ic h n e s s  (3 1  s p e c ie s )  th a n  a rea s  w it h  lo w e r  (Z ib a d ia n ja  L a g o o n  ( ,2 5  s p e c ie s )  a n d  n o  (S a v u t i  

R iv e r  ( ,2 4  s p e c ie s )  e x p lo i ta t io n .  H o w e v e r ,  a rea s  w it h  lo w e r  o r  n o  e x p lo i ta t io n  c o n ta in e d  m o r e  f is h
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th a n  e x p lo i t e d  a rea s  (C h a p te r  3 ) . M e a n  c a tc h  p er  u n it  e f fo r t  ( C P U E )  b y  w e ig h t  w a s  s ig n if ic a n t ly  

h ig h e r  in  th e  p r o te c te d  Z ib a d ia n ja  L a g o o n  ( C P U E = 3 8  ±  3 1  k g /n e t .n ig h t -1)  a n d  S a v u ti R iv e r  ( C P U E  

=  2 5  ±  19  k g /n e t .n ig h t -1)  th a n  in  th e  e x p lo i te d  C h o b e  R iv e r  (C P U E  =  6  ±  3 k g /n e t .n ig h t -1 (C h a p te r  

3 ).

T h is  s tu d y  a ls o  s h o w e d  th a t  la r g e  c ic h l id s  w e r e  e a s i ly  a g e d  u s in g  o to li th s ,  w h ic h  fa c i li ta t e d  th e  

c o m p a r iso n  o f  g r o w th  ra te s  b e t w e e n  p o p u la t io n s  a n d  th e  c o m p a r iso n  o f  th e  m e a n  a n d  m a x im u m  

a g e  b e t w e e n  th e  s a m p le d  r e g io n s  (C h a p te r  4 ) .  T h is  s tu d y  s h o w e d  th a t  in  a rea s  w it h  l o w  o r  n o  

f i s h in g  p r e ssu r e , th e  m e a n  a g e  o f  la r g e  c ic h l id s  e .g . ,  O reochrom is andersonii, in  p r o te c te d  

Z ib a d ia n ja  L a g o o n  (5 .3  ±  1 .6  y e a r s )  a n d  S a v u ti R iv e r  (4 .3  ±  1 .8  y e a r s )  w e r e  s ig n if ic a n t ly  h ig h e r  

th a n  in  e x p lo i t e d  C h o b e  R iv e r  ( 2 .4  ±  1 .6  y e a r s ) .

6 .1  M a n a g e m e n t  r e c o m m e n d a t i o n s

T h e  r e s u lts  o f  th is  s tu d y  d e m o n s tr a te  th a t a rea s  w it h  l o w  o r  n o  f i s h in g  p r e ssu r e , w h ic h  c o n ta in  f is h  

th a t r e p r e se n t  th e  d iv e r s i ty  o f  th e  r e g io n  a n d  o c c u r  at a  h ig h  a b u n d a n c e  a n d  at la r g e  s iz e s  a n d  o ld  

a g e s ,  a c t  a s  r e fu g ia  a n d  h e lp  in  r e c o lo n is in g  a d ja c e n t  o v e r f is h e d  a rea s  th r o u g h  th e  s p i l lo v e r  e f f e c t  

(R o b e r ts  &  P o lu n in ,  1 9 9 1 ;  R u s s  &  A lc a la ,  1 9 9 6 ;  M c C la n a h a n  &  M a n g i , 2 0 0 0 ) .  T h is  i s  im p o r ta n t  

b e c a u s e  a d u lt  f i s h  are th e  p r im a r y  b r o o d in g  s to c k  a n d  th e ir  r e m o v a l r e d u c e s  th e  s p a w n e r  b io m a s s ,  

w h ic h  c a n  r e s u lt  in  r e c r u itm e n t o v e r f is h in g  ( B e r k e le y  e t  a l., 2 0 0 4 a ) .  T h e r e fo r e , it  i s  im p o r ta n t  to  

e s ta b l is h  m o r e  p r o te c te d  a rea s  fo r  f is h e r ie s  m a n a g e m e n t  in  th e  r e g io n . In  N a m ib ia n  w a te r s , th e r e  

are t w o  e x is t in g  f i s h  r e s e r v e s  (S ik u n g a  a n d  K a s a y a  c h a n n e ls )  e s ta b l i sh e d  b y  N a m ib ia n  

c o n s e r v a n c ie s  a lo n g  th e  Z a m b e z i  a n d  C h o b e  R iv e r s  t o  a c t  a s  r e f u g e s  fo r  m a tu r e  f i s h  d u r in g  

d r a w d o w n  e v e n t s  w h e n  th e  f is h in g  p r e s su r e  i s  h ig h  ( T w e d d le  &  H a y , 2 0 1 1 ;  P e e l ,  2 0 1 2 ) .  O n  th e  

o p p o s i te  s id e  o f  th e  C h o b e  R iv e r  in  B o t s w a n a  w a te r s  th e r e  i s  C h o b e  N a t io n a l  P ark , w h e r e  f i s h in g  

i s  p r o h ib ite d . T h e s e  a rea s  w i l l  th e r e fo r e  b o th  s e r v e  to w a r d s  th e  m a n a g e m e n t  o f  C h o b e  f is h e r ie s .  

A lth o u g h  im p o r ta n t, t h e s e  t w o  f i s h  p r o te c t io n  a rea s  m a y  n o t  b e  s u f f ic ie n t  a s  r e fu g e , s p a w n in g , 

g r o w th  a n d  r e c r u itm e n t  h a b ita ts  fo r  s p e c ie s  th a t are e x p lo i te d  th r o u g h o u t  th e  U p p e r  Z a m b e z i  

R e g io n .  T h e r e fo r e , s in c e  th e  C h o b e  R iv e r  o n  B o t s w a n a  w a te r s  i s  a  N a t io n a l  P a rk , it  i s  

r e c o m m e n d e d  th a t m o r e  a d ja c e n t  a rea s  o n  th e  N a m ib ia  w a te r s  s h o u ld  b e  e s ta b l is h e d  a s  f is h  

r e s e r v e s .  T h is  s h o u ld  b e  d o n e  c o n s id e r in g  f i s h  ra n g e , m ig r a t io n  a n d  m o v e m e n t s .

9 9



T h e  le g a l  m in im u m  s iz e  o f  m e s h  i s  a  c o n tr o l m e a s u r e  in s t itu te d  t o  p r o te c t  j u v e n i le s ,  t o  g iv e  th e m  

t im e  t o  g r o w  t o  an  e c o n o m ic a l ly  u se fu l  s iz e  b e f o r e  t h e y  are h a r v e s te d , o r  in  th e  c a s e  o f  th e  su b  

a d u lts , p r o te c t io n  fr o m  e x p lo i ta t io n  u n til  t h e y  are la r g e  a n d  m a tu r e  e n o u g h  t o  s p a w n . In  th is  w a y ,  

th e  s iz e  o f  th e  s p a w n in g  s to c k  c a n  b e  p r o te c te d . C u rren t B o t s w a n a  g i l ln e t  m e s h  s iz e  o f  4  in c h  ( 1 0 0  

m m ), th e  r e g u la t io n  o f  im p o r t in g  g i l ln e t s  a n d  p r o h ib it io n  o f  m o s q u it o  n e ts  u s e ,  are  m e a n t  t o  e n su r e  

th a t th e r e  i s  s u s ta in a b le  h a r v e s t in g  o f  m a tu re  f i s h  ( B o t s w a n a  F is h  R e g u la t io n s ,  2 0 0 8 ) .  A s  w a s  

d e m o n str a te d  in  C h a p te r  5 , th e  le n g th  at m a tu r ity  o f  la r g e  c ic h l id s  in  C h o b e  d is tr ic t  B o t s w a n a ,  

w e r e  c o n s is te n t  w it h  t h o s e  e s t im a te d  in  N a m ib ia  b y  (v a n  d er  W a a l, ( 1 9 8 5 )  a n d  P e e l ,  ( 2 0 1 2 ) .

E v e n  th o u g h  f lo o d p la in  f is h e r y  i s  c h a r a c te r ise d  b y  m u lt i-g e a r  a n d  m u lt i - s p e c ie s ,  th e  h a r v e s t in g  

s tr a te g y  fo r  la r g e  c ic h l id s  s h o u ld  b e  b a s e d  in  le n g th  at m a tu r ity . T h is  im p l ie s  th a t O. anderson ii 

s h o u ld  n o t  b e  h a r v e s te d  b e f o r e  2 5 0  m m  L t , O. m acroch ir  b e f o r e  2 2 5  m m  L t  a n d  C. renda lli b e fo r e  

2 1 0  m m  L t  (C h a p te r  5 ). T h is  i s  t o  e n s u r e  th a t th e  f i s h  r e a c h  m a tu r ity  a n d  c a n  b r e e d  b e f o r e  b e in g  

h a r v e s te d . B a s e d  o n  th e  le n g th  at m a tu r ity  fr o m  th is  s tu d y  w it h  g i l ln e t  s e le c t iv i t y ,  a n d  th e  m a tu r ity  

o f  t h e s e  s p e c ie s  in  N a m ib ia  (v a n  d er  W a a l, 1 9 8 5 ;  P e e l ,  2 0 1 2 ) ,  th e  s tr e tc h e d  m e s h  s iz e s  o f  3 .5  in c h e s  

( 8 9  m m )  r e c o m m e n d e d  b y  P e e l  ( 2 0 1 2 )  in  N a m ib ia  a n d  th e  cu rren t 4 - in c h  ( 1 0 0  m m )  m e s h  u s e d  b y  

c o m m e r c ia l  f is h e r m e n  in  B o t s w a n a  are s u ita b le  fo r  e x p lo i t in g  th e  th r e e  m a in  ta r g e t  s p e c ie s  at 

le n g th s  la r g e r  th a n  m a tu r ity .

T h is  s tu d y  a ls o  d e m o n s tr a te d  th a t th e  la r g e  c ic h l id s  s p a w n in g  s e a s o n s  w e r e  c o m p a r a b le  

( S e p te m b e r  to  M a r c h )  b e t w e e n  th e  C h o b e  d is tr ic t  ( B o ts w a n a )  a n d  th e  Z a m b e z i  R e g io n  ( N a m ib ia ) .  

It i s  th e r e fo r e , r e c o m m e n d e d  th a t th e  f i s h  c lo s e d  s e a s o n  b e  s y n c h r o n is e d  o v e r  th e  p e r io d  D e c e m b e r  

1 t o  M a r c h  31  t o  s im p l i f y  f i s h  m a n a g e m e n t  in  th e  r e g io n .
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B e l l - C r o s s ,  G . &  Ju b b , R . A .  ( 1 9 7 6 ) .  F is h e s  o f  R h o d e s ia .  N a t io n a l  M u s e u m , S a lisb u r y , R h o d e s ia .  

S a lisb u r g , v i i+ 2 6 8 p .

B e r k e le y ,  S . A . ,  H ix o n , M . A . , L a r so n , R . J., L o v e ,  M . S. ( 2 0 0 4 a ) . F is h e r ie s  s u s ta in a b ility  v ia  

p r o te c t io n  o f  a g e  stru ctu re  a n d  sp a tia l d is tr ib u tio n  o f  f i s h  p o p u la t io n s . F isheries  2 9 ,  2 4 - 3 2 .
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B e v e r id g e ,  M . C . M . a n d  M c A n d r e w , B . J. ( 2 0 0 0 ) .  T ila p ia s :  B i o l o g y  a n d  e x p lo i ta t io n .  L o n d o n .  

F is h  a n d  F is h e r ie s  se r ie s :  K lu w e r  A c a d e m ic  P u b lis h e r s .

B h u k a s w a n , T ., ( 1 9 8 0 ) .  M a n a g e m e n t  o f  A s ia n  r e s e r v o ir  f is h e r ie s .  F A O  F is h e r ie s  T e c h n ic a l  P a p er , 

( 2 0 7 )  p. 6 9 .

B o h n s a c k ,  S. A . ( 1 9 9 8 ) .  A p p l ic a t io n  o f  M a r in e  R e s e r v e  t o  r e e f  f is h e r ie s  M a n a g e m e n t .  Austra lian  

Jou rna l o f  E co logy  2 3 , 2 9 8 - 3 0 4 .

B o k h u t lo ,  T . ( 2 0 1 1 ) .  L i f e  H is to r y  a n d  s to c k  A s s e s s m e n t  o f  C larias G ariep inus  in  th e  O k a v a n g o  

D e lta ,  B o t s w a n a .  M s c  t h e s is ,  R h o d e s  U n iv e r s it y ,  G r a h a m s to w n , S o u th  A fr ic a .

B o o t h ,  A . J. &  M e r r o n , G . S. ( 1 9 9 6 ) .  T h e  a g e  a n d  g r o w th  o f  th e  g r e e n  h e a d  t i la p ia  O reochrom is  

macroch ir  ( P isc e s :  C ic h l id a e )  fr o m  th e  O k a v a n g o  D e l ta ,  B o t s w a n a .  H ydrob io logy  3 2 1 ,  

2 9 - 3 4 .

B o o t h ,  A . J., M e r r o n ., G . S ., &  B u x to n , C . D .  ( 1 9 9 5 ) .  T h e  g r o w th  o f  O reochrom is anderson ii 

( P isc e s :  C ic h l id a e )  fr o m  O k a v a n g o  D e l ta ,  B o t s w a n a ,  a n d  a  c o m p a r iso n  o f  th e  s c a le  an d  

o t o li th  m e th o d s  o f  a g e in g .  E nv ironm en ta l B io log y  o f  F ish e s  4 3 ,  1 7 1 - 1 7 8 .

B o t s w a n a  A g r ic u ltu r a l R e p o r t . ( 1 9 8 5 ) .  F is h - f o o d  fo r  th e  fu tu re . A n im a l  P r o d u c t io n  D iv is io n .  

A n n u a l R e p o r t . M in is tr y  o f  A g r ic u ltu r e , B o t s w a n a .

B o t s w a n a  C en tra l s ta t is t ic s ,  ( 2 0 1 1 ) .  P r e lim in a r y  r e s u lts  o f  th e  2 0 1 1  P o p u la t io n  a n d  H o u s in g  

C e n s u s  p .1 - 8 .

B o t s w a n a  N a t io n a l  R e p o r t  fo r  U n it e d  N a t io n s  C o n f e r e n c e  o n  S u s ta in a b le  D e v e lo p m e n t  R I O + 2 0  

C o n fe r e n c e .  ( 2 0 1 2 ) .  S e a n a m e  C o n s e r v a t io n  C o n s u lta n c y  (P ty )  L td  p .1 - 4 6 .

B r a g a , M . I., C a stro , G ., H o o te n ,  A . , M a c k in n o n ,  K ., R e e s ,  C ., &  W h itte n , T . ( 1 9 9 8 ) .  In te g r a tin g  

f r e s h w a te r  B io d iv e r s i t y  C o n s e r v a t io n  w it h  d e v e lo p m e n t:  s o m e  le s s o n s .  N a tu ra l H a b ita ts  

a n d  E c o s y s t e m s  M a n a g e m e n t  S e r ie s  P a p e r  N o .6 1 .  T h e  W o r ld  B a n k . W a s h in g t o n ,  D .  C .

B r e e n ,  C . M , Q u in n , N .  W . &  M a n d e r , J. J. ( e d s .) .  ( 1 9 9 7 ) .  W e t la n d s  c o n s e r v a t io n  a n d  m a n a g e m e n t  

in  S o u th e r n  A fr ic a :  C h a l le n g e s  a n d  o p p o r tu n it ie s . H arare: I U C N .
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B r u to n  M . N .  ( 1 9 7 9 a ) . T h e  f i s h e s  o f  L a k e  S ib a y a . In: B .  R . A l la n s o n ,  ( e d s .) .  L a k e  S ib a y a . 

M onograph iae  B io log icae , T h e  H a g u e :  W . J u n k  P u b l is h e r s  3 6 ,  1 6 2 - 2 4 5 .

B r u to n , M . N .  &  A l la n s o n , B . R . ( 1 9 7 4 ) .  T h e  g r o w th  o f  Tilap ia  m ossam bicus  (P e ters: C ic h l id a e )  

in  L a k e  S ib a y a , S o u th  A fr ic a . Jou rna l o f  F ish  B io logy  6 , 7 0 1 - 7 1 5 .

B u rr, J. M . ( 1 9 9 1 ) .  L e n g t h  l im it  r e g u la t io n s  a s  a p p lie d  t o  A la s k a n  la k e  tro u t f is h e r ie s ,  a  s y n t h e s is  

o f  a v a i la b le  d a ta  w it h  r e c o m m e n d a t io n s .  A la s k a  D e p a r tm e n t  o f  F is h  a n d  G a m e . F is h e r y  

M a n u s c r ip t  N o .9 1 - 5  p .1 - 5 2 .

C a m p a n a , S. E . ( 2 0 0 1 ) .  A c c u r a c y ,  P r e c is io n  a n d  q u a lity  c o n tr o l in  a g e  d e te r m in a t io n , in c lu d in g  a  

r e v ie w  o f  th e  u s e  a n d  a b u s e  o f  a g e  v a l id a t io n  m e th o d s . Jou rna l o f  F ish  B io logy  5 9 ,  1 9 7 

2 4 2 .

C a m p a n a . S. E . &  N e i l s o n .  J. D .  ( 1 9 8 5 ) .  M ic r o s tr u c tu r e  o f  O to lith s . Canadian  Jo u rna l o f  F isheries  

a n d  A qua tic  Science  4 2 ,  1 0 1 4 - 1 0 3 1 .

C a m p a n a , S. E . &  T h o rro ld , S . R . ( 2 0 0 1 ) .  O to lith s , in c r e m e n ts  a n d  e le m e n ts :  k e y  t o  a  

c o m p r e h e n s iv e  u n d e r s ta n d in g  o f  f i s h  p o p u la t io n s ?  Canadian  J o u rna l o f  F ish  A qua tic  

Science  5 8 ,  3 0 - 3 8 .

C a r len d er , K . D .  ( 1 9 8 7 ) .  A  h is to r y  o f  s c a le  a g e  a n d  g r o w th  s tu d ie s  in  N o r th e r n  A m e r ic a  fr e sh  

w a te r  f is h .  In: R . C . S u m m e r fe lt .,  G . E . H a ll ,  ( e d s .) .  A g e  a n d  g r o w th  o f  f is h .  A m e s ,  IA  

I o m a  S ta te  U n iv e r s it y  p r e s s  p. 3 - 1 4 .

C e c c a r e ll i ,  D .  &  A y l in g ,  T. ( 2 0 1 0 ) .  R o le ,  Im p o r ta n c e  a n d  v u ln e r a b i li ty  o f  to p  p r ed a to rs  o n  G rea t  

B a rr ie r  R e e f . A u s tr a lia n  G o v e r n m e n t-G r e a t  B a r r ie r  R e e f  M a r in e  P a r k  A u th o r ity , N o .1 0 5  

p .1 5 0 .

C h a m b e r s , R . C . &  T r ip p e l, E .  A . ( 1 9 9 7 ) .  E a r ly  l i f e  h is to r y  a n d  r e c r u itm e n t  in  f i s h  p o p u la t io n s ,  

L o n d o n : C h a p m a n  a n d  H a ll

C h a n g , W . Y . B .  ( 1 9 8 2 ) .  S ta t is t ic a l m e th o d  fo r  e v a lu a t in g  th e  r e p r o d u c ib ility  o f  a g e  d e te r m in a tio n . 

Canadian  J o u rna l o f  F ish eries  a n d  A qua tic  Sc iences  3 9 ,  1 2 0 8 - 1 2 1 0 .
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C h a s e , M .  ( 2 0 1 2 ) .  D r y  s e a s o n  f ix e d - w in g  a er ia l s u r v e y  o f  e le p h a n ts  a n d  w i ld l i f e  in  n o rth ern  

B o t s w a n a .  R e p o r t  fo r  e le p h a n ts  w ith o u t  b o r d e r s  p .1 - 9 4 .

C h ild , G . ( 1 9 6 8 ) .  A n  e c o lo g ic a l  s u r v e y  o f  n o rth ern  B o t s w a n a .  F A O  R e p o r t  T . A  2 5 6 3 .R o m e , I ta ly .

C h im a tir o , S. K . ( 2 0 0 4 ) .  T h e  b io p h y s ic a l  d y n a m ic s  o f  th e  lo w e r  S h ire  R iv e r  f lo o d p la in  f is h e r ie s  

in  M a la w i . P h D  t h e s is ,  R h o d e s  U n iv e r s it y  p .1 - 2 7 1 .

C h r is te n s e n , V . &  P a u ly , D .  ( 1 9 9 8 ) .  C h a n g e s  in  m o d e ls  o f  a q u a tic  e c o s y s t e m s  a p p r o a c h in g  

c a r r y in g  c a p a c ity . E co lo g ica l A pp lica tion s  8 , S 1 0 4 - S 1 0 9 .

C la rk e , K . R . &  W a r w ic k ,  R . M . ( 1 9 9 4 ) .  C h a n g e  in  M a r in e  C o m m u n it ie s :  A n  A p p r o a c h  to  

S ta tis t ic a l A n a ly s is  a n d  In terp reta tio n . P ly m o u th  M a r in e  L a b o r a to r y , P ly m o u th ,  U S A .

C la rk e , K . R . &  G o r le y , R .N . ( 2 0 0 6 ) .  P R I M E R  v 6 :  U s e r  m a n u a l/T u to r ia l. P ly m o u th ,  U K :

P R I M E R  L td  p .1 9 0 .

C o c h r a n e , K . L . (e d .) .  ( 2 0 0 2 ) .  A  f is h e r y  m a n a g e r ’ s g u id e b o o k .  M a n a g e m e n t  m e a s u r e s  a n d  th e ir  

a p p lic a t io n . F A O  F is h e r ie s  T e c h n ic a l  P a p e r  N o .  4 2 4 .  R o m e , F A O  p. 2 3 1 .

C o te , I. M ., M o s q u e ir a ,  I ., &  R e y n o ld s ,  J. D .  ( 2 0 0 1 ) .  E f f e c t s  o f  m a r in e  r e s e r v e  c h a r a c te r is t ic s  o n  

th e  p r o te c t io n  o f  f i s h  p o p u la t io n s :  A  m e ta - a n a ly s is .  Jou rna l o f  F ish  B io log y  5 9 ,  1 7 8 - 1 8 9 .

C o w ie ,  R . J. &  K r e b s , J. R . ( 1 9 7 9 ) .  O p tim a l fo r a g in g  in  p a tc h y  e n v ir o n m e n ts .  p .1 8 3 - 2 0 5 .I n :  

A n d e r s o n ,  R . M , T u rn er, B .  D .  &  T a y lo r , L . R .(e d s .) .  B r i t i sh  E c o lo g ic a l  S o c ie t y  

S y m p o s iu m  o n  P o p u la t io n  D y n a m ic s ,  O x fo r d : B la c k w e l l  S c ie n t i f ic .

C o w le y ,  P . D . , B r o u w e r , S . L ., &  T i ln e y ,  R . L . ( 2 0 0 2 ) .  T h e  r o le  o f  T s it s ik a m m a  N a t io n a l  P a rk  in  

th e  m a n a g e m e n t  o f  fo u r  s h o r e -a n g l in g  f i s h  a lo n g  th e  S o u th e a s te r n  c a p e  c o a s t  o f  S o u th  

A fr ic a . Sou th  A fr ican  Jo u rna l o f  M arin e  Science  2 4 ,  2 7 - 3 6 .

C o w x , I. G ., K n a a p , M ., V a n  D e r ,  M u h o o z i ,  L . I. &  O th in a , A . ( 2 0 0 3 ) .  I m p r o v in g  f is h e r y  c a tc h  

s ta t i s t ic s  fo r  L a k e  V ic t o r ia ,  aqua tic  hea lth  a n d  m anagem en t  6 , 2 9 9 - 3 1 0 .

C ra in , P ., W h ite n e r , K . &  M o y le ,  P . ( 2 0 0 4 ) .  U s e  o f  a  r e s to r e d  C en tra l C a li fo r n ia  f lo o d p la in  b y  

la r v a e  o f  n a t iv e  a n d  a l ie n  f is h e s .  A m e r ic a n  F is h e r ie s  S o c ie t y  S y m p o s iu m  p .3 9 :  In  F. 

F e y r e r ., L .R . B r o w n .,  J. J. O rsi, ( e d s .) .  E a r ly  L if e  h is to r y  o f  F is h e s  in  th e  S a n  F r a n c is c o
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E stu a r y  a n d  w a te r sh e d . A m e r ic a n  F is h e r ie s  S o c ie t y  S y m p o s iu m , B e t h e s d a ,  M a r y la n d  1 2 5 

1 4 0 .

C r o n b erg , G ., G ie s k e .  A . , M a rtin , E ., P r in c e  N e n g u ,  J., S te n s tr o m , I. M . ( 1 9 9 5 ) .  H y d r o lo g ic a l  

s tu d ie s  o f  th e  O k a v a n g o  D e l t a  a n d  th e  K w a n d o /L in y a n t i /C h o b e  R iv e r ,  B o t s w a n a ,  s u r fa c e  

w a te r  q u a lity  a n a ly s is .  B o tsw ana  N o te s  a n d  R ecords  2 7 ,  1 5 1 - 2 2 6 .

C u rtis , B . ,  R o b e r ts , K . S ., G r iff in , M ., B e th u n e ,  S ., H a y , C . J. a n d  K o lb e r g ,  H . ( 1 9 9 8 ) .  S p e c ie s  

r ic h n e s s  a n d  C o n s e r v a t io n  o f  N a m ib ia n  f r e s h w a te r  m a c r o -in v e r te b r a te s , f i s h  an d  

a m p h ib ia n s . B iod iversity  a n d  C onserva tion  7 , 4 4 7 - 4 6 6 .

C u tler , J ., A p s e ,  C ., C a v e lie r ,  T ., F e r m o n , Y . ,  M v e - B e h ,  J. H .,  P a iz ,  M . C ., S id la u s k a s , B . ,  an d  

S u l liv a n ,  J. P . ( 2 0 1 6 ) .  F is h  B io d iv e r s i t y  A s s e s s m e n t  o f  th e  R a p id s  o f  M b o u n g o u  B a d o u m a  

a n d  D o u m e  R a m s a r  S ite  a n d  S u r r o u n d in g  A r e a s  in  G a b o n . T h e  N a tu r e  C o n s e r v a n c y ,  

A r lin g to n ,  V A . p .1 - 7 0 .

D a n - K is h iy a ,  A . S. ( 2 0 1 3 ) .  L e n g t h - w e ig h t  r e la t io n s h ip  a n d  C o n d itio n  fa c to r  o f  f iv e  s p e c ie s  fr o m  

a tr o p ic a l w a te r  s u p p ly  r e s e r v o ir  in  A b u ja , N ig e r ia .  Am erican  J o u rna l o f  R esearch  

comm unica tion  1 , 1 7 5 - 1 8 7 .

D a v e y ,  A . J. H .,  K e l ly ,  D .  J. &  B ig g s ,  B .  J. F . ( 2 0 0 6 ) .  R e f u g e  u s e  s tr a te g ie s  o f  s trea m  f is h e s  in  

r e s p o n s e  t o  e x tr e m e  f lo w s .  Jou rna l o f  F ish  B io logy  6 9 ,  1 0 4 7 - 1 0 5 9 .

D a v ie s ,  B .  R . ( 1 9 8 6 ) .  T h e  Z a m b e z i  s y s te m . p. 2 2 5 - 2 8 8 .  In: B . R ., D a v ie s ,  &  K . F . W a lk e r , 

( e d s .) .  T h e  E c o lo g y  o f  r iv e r  s y s t e m s .  D o r d r e c h t , T h e  N e th e r la n d s :  W . Ju n k , P u b lis h e r s .

D a v is ,  J. ( 2 0 1 1 ) .  B o t s w a n a  a q u a c u ltu r e  d e v e lo p m e n t  s tr a teg y . A C P  F is h  II C o o r d in a t io n  U n it  

S e r v ic e  C o n tr a c t  n °  C U /P E 1 /M Z /1 0 /0 0 4 ,  S O G E S  S .p .A .  c o n s o r t iu m  p .1 - 1 0 9 .

D a v is ,  J. L . D .  ( 2 0 0 0 ) .  S p a tia l a n d  s e a s o n a l  p a ttern s  o f  h a b ita t  p a r t it io n in g  in  a  g u ild  o f  so u th e r n  

C a lifo r n ia  t id e  p o o l  f is h e s . M arine  E co logy  P rogress  series  1 9 6 ,  2 5 3 - 2 6 8 .

D e lo i t t e  &  T o u c h e . ( 1 9 9 2 ) .  C h o b e  N a t io n a l  Park: M a n a g e m e n t  p la n  t w o  v o lu m e s .  D e p a r tm e n t  o f  

W i ld l i f e  a n d  N a t io n a l  P a r k s  M a n a g e m e n t  C o n s u lta n ts , G a b o r o n e , B o t s w a n a .

D e p a r tm e n t  o f  W ild l i f e  a n d  N a t io n a l  P a r k s  F is h e r ie s  s u r v e y s  2 0 0 6 - 2 0 1 2 .  U n p u b l is h e d .
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D e p a r tm e n t  o f  W ild l i f e  a n d  N a t io n a l  P a r k s  F is h e r ie s  s u r v e y s  2 0 1 0 - 2 0 1 2 .  U n p u b l is h e d .

D o n a ld s o n , W . E . &  D o n a ld s o n  W . K . ( 1 9 9 2 ) .  A  r e v ie w  o f  th e  h is to r y  a n d  j u s t i f ic a t io n  fo r  s iz e  

l im it s  in  A la s k a n  k in g , T a n n er , a n d  s n o w  crab  f is h e r ie s .  F ish ery  R esearch  B u lle tin  9 2 ,  1

3 3 .

D o n d a ,  S. &  N ja y a ,  F . ( 2 0 0 7 ) .  F is h e r ie s  C o - M a n a g e m e n t  in  M a la w i:  A n  a n a ly s is  o f  th e  u n d e r ly in g  

p o l ic y  p r o c e s s ,  F o o d  s e c u r ity  a n d  p o v e r ty  a l le v ia t io n  th r o u g h  im p r o v e d  v a lu a t io n  an d  

G o v e r n a n c e  o f  R iv e r  F is h e r ie s  in  A fr ic a . W o r ld  F is h  C en tre . A f r ic a  &  W e s t  A f r ic a  

p r o g r a m m e , C a iro . E g y p t  1 6 , 1 - 4 0 .

D u d g e o n ,  D . , A r th in g to n , A . H .,  G e s s n e r , M . O ., K a w a b a ta , Z . I ., K n o w le r ,  D .J .,  L e v e q u e ,  C ., 

N a im a n , R . J ., P r ie u r -R ic h a r d , A .H ., S o to , D . ,  S t ia s s n y ,  M . L . J ., &  S u lliv a n .  C . A . ( 2 0 0 5 ) .  

F r e s h w a te r  b io d iv e r s i ty :  Im p o r ta n c e , th rea ts , s ta tu s  a n d  c o n s e r v a t io n  c h a l le n g e s .  

B io log ica l rev iew s  8 1 ,  1 6 3 - 1 8 2 .

D u d le y ,  R . G . ( 1 9 7 4 ) .  G r o w th  o f  t i la p ia  o f  th e  K a fu e  f lo o d p la in ,  Z a m b ia : p r e d ic te d  e f f e c t s  o f  th e  

K a fu e  G o r g e  D a m . Transactions o f  the Am erican  F ish eries  Soc ie ty  1 0 3 ,  2 8 1 - 2 9 1 .

E fr o n , B . ( 1 9 8 2 ) .  N o n p a r a m e tr ic  e s t im a te s  o f  s ta n d a rd  error: th e  j a c k - k n if e , th e  b o o ts tr a p  a n d  o th er  

m e th o d s .  B iom etr ika  6 8 ,  5 8 9 - 5 9 9 .

E lle n d e r , B .  R ., W e y l ,  O . L . F ., S h a n y e g a n g e ,  M . K .,  &  C o w le y ,  P . D .  ( 2 0 0 8 ) .  J u v e n i le  p o p u la t io n  

d y n a m ic s  o f  O reochrom is m ossam bicus  in  an  in te r m itte n t ly  o p e n  e s tu a r y  at th e  l im it  o f  its  

n atu ra l d is tr ib u tio n . A frican  Zoo logy  4 3 ,  2 7 7 - 2 8 3 .

F A O  G I E W S , ( 1 9 9 9 ) .  F o o d  s u p p ly  s itu a t io n  a n d  cro p  p r o s p e c ts  in  S u b  S a h a ra n  A fr ic a . A fr ic a  

R e p o r t  N o .3 ,  B o t s w a n a .

F A O , ( 1 9 7 7 ) .  S y m p o s iu m  o n  R iv e r  a n d  F lo o d p la in s  F is h e r ie s  in  A fr ic a ,  B u ju m b u r a , B u ru n d i.

F A O , ( 1 9 9 5 ) .  T h e  c o d e  o f  c o n d u c t  fo r  r e s p o n s ib le  f is h e r ie s .  R o m e , I ta ly .

F A O , ( 2 0 0 2 ) .  S a m p le - b a s e d  f is h e r y  s u r v e y s . R o m e , I ta ly .

F A O , ( 2 0 0 3 ) .  F is h e r ie s  M a n a g e m e n t ,  T e c h n ic a l  g u id e l in e s  fo r  r e s p o n s ib le  f is h e r ie s .  U N , R o m e .
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F A O , ( 2 0 0 7 ) .  R e p u b l ic  o f  B o t s w a n a ,  F is h e r y  c o u n tr y  p r o f ile . B o t s w a n a .

F A O , ( 2 0 1 6 ) .  T h e  S ta te  o f  W o r ld  F is h e r ie s  a n d  A q u a c u ltu r e  2 0 1 6 .  C o n tr ib u t in g  t o  f o o d  s e c u r ity  

a n d  n u tr it io n  fo r  a ll. R o m e  p. 2 0 0 .

F e n b e r g , P . B .  &  R o y .  K . ( 2 0 0 8 ) .  E c o lo g ic a l  a n d  e v o lu t io n a r y  c o n s e q u e n c e s  o f  s iz e - s e l e c t i v e  

h a r v e s tin g :  h o w  m u c h  d o  w e  k n o w ?  M olecu la r  E co logy  1 7 , 2 0 9 - 2 2 0 .

F o w le r ,  H . W . ( 1 9 3 5 a ) . S c ie n t i f ic  r e s u lt s  o f  th e  V e r n a y - L a n g  K a la h a r i E x p e d it io n ,  M a r c h  to  

S e p te m b e r  1 9 3 0 . A nna ls  o f  T ransvaa l M useum  1 6 , 2 5 1 - 2 9 3 .

F o x , J. T ., &  A le x a n d e r ,  K . A . ( 2 0 1 5 )  S p a tio te m p o r a l V a r ia t io n  a n d  th e  R o le  o f  W ild l i f e  in  

S e a s o n a l  W a te r  Q u a lity  D e c l in e s  in  th e  C h o b e  R iv e r , B o t s w a n a .  P lo S  O N E  10  ( 1 0 ) .

F o x , P . J. &  W a tt, E . H . ( 1 9 7 6 ) .  S o m e  e f f e c t s  o f  Sa lvan ia  m o lesta  o n  f i s h  p o p u la t io n  in  th e  L in y a n t i 

R iv e r . u n p u b lis h e d  rep ort, B o t s w a n a  F is h e r ie s  u n it.

F r a n c o u r , P . ( 1 9 8 9 ) .  L e s  p e u p le m e n t s  ic h t h y o lo g iq u e s  d e  la  R e s e r v e  d e  S c a n d o la :  in f lu e n c e  d e  la  

r e s e r v e  in te g r a le . Travaux scien tifiques P a rc  n a tio na l reg iona l reserve  n a tu re l Corse, Fr. 

2 1 ,  3 3 - 9 3 .

F r o e s e ,  R . ( 2 0 0 6 ) .  C u b e  la w , c o n d it io n  fa c to r  a n d  w e ig h t - le n g t h  r e la t io n s h ip s :  h is to r y , m e ta 

a n a ly s is  a n d  r e c o m m e n d a t io n s .  Jou rna l o f  A p p lied  Ich thyo logy  2 2 ,  2 4 1 - 2 5 3 .

F ry er , G . &  I le s , T . D .  ( 1 9 7 2 ) .  T h e  c ic h l id  f i s h e s  o f  th e  g r e a t  la k e s  o f  A fr ic a . O l iv e r  &  B o y d ,  

E d in b u r g h  p. 6 4 1 .

F u r se , M . T ., K irk , R . C ., M o r g a n , P . R ., &  T w e d d le ,  D .  ( 1 9 7 9 ) .  F is h e s :  D is tr ib u t io n  a n d  B io lo g y  

in  r e la t io n  to  c h a n g e , in  L a k e  C h ilw a :  s tu d ie s  o f  c h a n g e s  in  a  tr o p ic a l e c o s y s t e m , K a lk , M ., 

M c L a c h la n ,  A . J. a n d  H o w a r d - W ill ia m s ,  C  ( e d s .) .  M onograph iae  B io log icae  3 5 ,  1 7 5 - 2 0 8 .

G a la c a to s , R ., B a r r ig a -S a la z a r  a n d  S tew a r t, D .  J. ( 2 0 0 4 ) .  S e a s o n a l  a n d  h a b ita t  in f lu e n c e s  o n  f is h  

c o m m u n it ie s  w ith in  th e  lo w e r  Y a s u n i R iv e r  B a s in  o f  E c u a d o r ia n  A m a z o n .  E n v ir o n m e n ta l  

B io lo g y  o f  F is h e s .  K lu w e r  A c a d e m ic  p u b lish e r s . N e th e r la n d s  7 1 ,  3 3 - 5 1 .
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G a y a n i lo ,  F . C , P a u ly  D .  ( 1 9 9 7 ) .  F A O  In te r n a tio n a l C e n tr e  fo r  L iv in g  A q u a t ic  R e s o u r c e  

M a n a g e m e n t  ( I C L A R M )  s to c k  a s s e s s m e n t  t o o ls  ( F I S A T ) , r e f e r e n c e s  m a n u a l. F A O  

C o m p u te r iz e d  in fo r m a t io n  s e r ie s ( F is h e r ie s ) ,  N o .8 ,  R o m e , F A O  p. 2 6 2 .

G a rc ia , S . M ., Z e r b i, A . ,  A l ia u m e , C ., D o  ch i. T . &  L a sse r r e , G . ( 2 0 0 3 ) .  T h e  e c o s y s t e m  a p p ro a ch  

t o  F is h e r ie s ;  I s s u e s ,  t e r m in o lo g y ,  p r in c ip le s ,  in s t itu t io n a l fo u n d a t io n s ,  im p le m e n t a t io n  an d  

o u t lo o k .  F is h e r ie s  T e c h n ic a l  p a p er . N o .  4 4 3 .  R o m e , F A O  p .7 1 .

G a rd n er , J. P . A .  &  S tru th ers, C . D .  ( 2 0 1 2 ) .  C o m p a r is o n s  a m o n g  s u r v e y  m e t h o d o lo g ie s  t o  t e s t  fo r  

a b u n d a n c e  a n d  s iz e  o f  a  h ig h ly - ta r g e te d  f i s h  s p e c ie s . Jou rna l o f  F ish  B io logy  8 2 ,  2 4 2 - 2 6 2 .

G O M  ( 1 9 9 9 ) .  R e s o u r c e  R e p o r t . ( 1 9 9 9 ) .  F is h e r ie s  D e p a r tm e n t , G o v e r n m e n t  o f  M a la w i .

G o v e r n m e n t  o f  B o t s w a n a .  ( 1 9 7 5 ) .  N a t io n a l  p o l i c y  o n  T rib a l G r a z in g  L a n d . G a b o ro n e :  

G o v e r n m e n t  P r in ter .

G o v e r n m e n t  o f  B o t s w a n a .  ( 1 9 9 0 ) .  T o u r is m  p o l ic y .  G a b o r o n e : G o v e r n m e n t  P r in ter .

G o v e r n m e n t  o f  B o t s w a n a .  ( 1 9 9 1 ) ,  N a t io n a l  p o l ic y  o n  A g r ic u ltu r a l D e v e lo p m e n t .  G a b o ro n e :  

G o v e r n m e n t  p r in t in g  &  p u b l ish in g  s e r v ic e s .

G o v e r n m e n t  o f  B o t s w a n a .  ( 1 9 9 2 ) .  W i ld l i f e  C o n s e r v a t io n  a n d  N a t io n a l  P a r k s  A c t ,  G a b o ro n e :  

G o v e r n m e n t  P r in ter .

G o v e r n m e n t  o f  B o t s w a n a .  ( 2 0 0 1 ) .  B o t s w a n a  N a t io n a l  A t la s .  G a b o r o n e : D e p a r tm e n t  o f  S u r v e y s  

a n d  M a p p in g .

G o v e r n m e n t  o f  B o t s w a n a .  ( 2 0 0 8 ) .  F is h  P r o te c t io n  R e g u la t io n s .  G a b o r o n e : G o v e r n m e n t  P r in t in g  

a n d  P u b l is h in g  S e r v ic e s .

G r e e n w o o d ,  P . E ., &  N ik u lin ,  M . S. ( 1 9 9 6 ) .  A  g u id e  t o  c h i-s q u a r e  t e s t in g .  N e w  Y o rk : W ile y  an d  

so n s .

G u lla n d , J. A . ( 1 9 7 4 ) .  G u id e l in e s  fo r  f is h e r y  m a n a g e m e n t .  R o m e , F A O , I O F C /D E V /7 4 /3 6  p . 8 4 .
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G u m b o , G . B .  ( 2 0 1 0 ) .  E c o n o m ic  a n d  s o c ia l  c h a n g e  in  th e  c o m m u n it ie s  o f  th e  w e t la n d s  o f  C h o b e  

a n d  N g a m ila n d ,  w it h  s p e c ia l  r e fe r e n c e  t o  th e  p e r io d  s in c e  1 9 6 0 . P h D . t h e s is .  U n iv e r s it y  o f  

C a p e  T o w n . S o u th  A f r ic a  p. 1 - 2 7 5 .

G u p ta , A . C . ( 2 0 1 2 ) .  C o n s e r v a t io n 's  c o m p le x i t ie s :  A  s tu d y  o f  l iv e l i h o o d s  a n d  p e o p le -p a r k  

r e la t io n s  a ro u n d  C h o b e  N a t io n a l  P a rk , B o t s w a n a .  P h D . t h e s is ,  U n iv e r s it y  o f  C a lifo r n ia , 

B e r k e le y  p. 1 0 3 .

H a lw a r t , M ., F u n g e - S m it h ,  S . &  M o e h l,  J. ( 2 0 0 3 ) .  T h e  r o le  o f  a q u a c u ltu r e  in  rural d e v e lo p m e n t , 

in  F A O  F is h e r ie s  C ir c u la r  N o .  8 8 6  ( R e v is io n  2 ) ,  F A O , R o m e , I ta ly  p. 1 - 1 2 .

H a y , C . J. ( 1 9 9 1 ) .  T h e  d is tr ib u tio n  o f  f i s h  in  th e  F is h  R iv e r , N a m ib ia .  In: R . E . S im m o n s ,  C .J ., 

B r o w n , &  G r iff in , M . ( e d s .) .  S ta tu s  a n d  C o n s e r v a t io n  o f  w e t la n d  in  N a m ib ia .  M adoqua  1 7 , 

2 1 1 - 2 1 5 .

H a y , C . J. ( 1 9 9 3 ) .  T h e  d is tr ib u tio n  o f  f r e s h w a te r  f i s h  in  N a m ib ia .  U n p u b l ish e d  M s c .  t h e s is .  R a n d  

A fr ik a a n s  U n iv e r s it y ,  J o h a n n e sb u r g .

H a y , C . J ., N a e s j e ,  T . F ., B r e is t e in ,  J ., H a rsa k er , K .,  K o ld in g ,  J ., S a n d lu n d , O . T ., V a n  Z y l , B . 

( 2 0 0 0 ) .  F is h  p o p u la t io n s ,  g i l ln e t  s e le c t iv i t y  a n d  a r tisa n a l f is h e r y  in  th e  O k a v a n g o  R iv e r , 

N a m ib ia .  N I N A - N I K U  p r o je c t  rep o r t 1 0 , 1 - 1 0 5 .

H a y , C . J ., N a e s je ,  T . F ., K a p r ik a , S ., K o e k e m o e r ,  J ., S tran d , R ., T h o rsta n d , E . B .  a n d  H a rsa k er , 

K . ( 2 0 0 2 ) .  F is h  p o p u la t io n s ,  g i l ln e t  c a tc h e s  a n d  n e t  s e le c t iv i t y  in  th e  Z a m b e z i  a n d  C h o b e  

R iv e r s ,  N a m ib ia  fr o m  1 9 9 7  t o  2 0 0 0 .N I N A - N I K U  p r o je c t  r ep o rt 1 7 , 1 - 8 8 .

H a y , C . J., N a e s j e ,  T . F ., S tran d , R ., P u r v is , J ., T h o rsta d , E . B . ,  A b b o tt , J. a n d  N ic k a n o r ,  N .  ( 2 0 0 3 ) .  

S h a red  R e s o u r c e s  M a n a g e m e n t  o n  th e  Z a m b e z i /C h o b e  s y s te m s  in  N o r t h e a s t  N a m ib ia :  

C u rren t P r a c t ic e s  a n d  F u tu re  O p p o r tu n it ie s  R iv e r  F is h e r ie s  s tu d y: F e b r u a r y  2 0 0 2 -F e b r u a r y  

2 0 0 3 .M in is tr y  o f  F is h e r ie s  a n d  M a r in e  R e s o u r c e s ,  W in d h o e k ,  N a m ib ia  p. 5 2 .

H a y , C . J. &  v a n  d er  W a a l,  B .  C . W . ( 2 0 0 9 ) .  A n a ly s is  o f  h is to r ic  r e s e a r c h  d a ta  fo r  th e  C a p r iv i  

R e g io n .  R e p o r t  fo r  th e  N a m ib ia n  N a tu r e  F o u n d a t io n  p. 7 5 .

H a y , C . J., V a n  Z y l . &  S te y n , G . J. ( 1 9 9 6 ) .  A  q u a n tita t iv e  a s s e s s m e n t  o f  th e  b io t ic  in te g r ity  o f  th e  

O k a v a n g o  R iv e r ,  N a m ib ia  b a s e d  o n  f is h .  Water Sou th  A fr ica  2 2 ,  2 6 3 - 8 4 .
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H a y , C . J ., V a n  Z y l .,  v a n  d er  B a n k ., F erre ira , F . H ., S te y n , G . J. ( 1 9 9 9 ) .  T h e  d is tr ib u tio n  o f  

f r e s h w a te r  f is h  in  N a m ib ia .  C im bebasia  1 5 , 4 1 - 6 3 .

H a rd in , G ., ( 1 9 6 8 ) .  T h e  tr a g e d y  o f  th e  c o m m o n s .  A m e r ic a n  a s s o c ia t io n  o f  a d v a n c e m e n t  o f  s c ie n c e ,  

1 6 2 ,  1 2 4 3 - 1 2 4 8 .

H a s s e ll ,  M . P . ( 1 9 7 8 ) .  T h e  d y n a m ic  o f  a n th r o p o d  p r e d a to r -p r e y  s y s t e m s .  P r in c e to n , N e w  J er se y . 

U n it e d  S ta te s  o f  A m e r ic a :  P r in c e to n  U n iv e r s it y  P r e ss .

H e c h t ,  T. ( 1 9 8 0 ) .  T h e  v a lu e  o f  o t o li th s  in  f r e s h  w a te r  f is h e r ie s  b io lo g y  a n d  ta x o n o m y . U n iv e r s it y  

o f  th e  N o r th , P ie te r sb u r g . S e r ie s  A  19  p .1 7 .

H e c h t ,  T . ( 1 9 8 0 a ) .  A  C o m p a r is o n  o f  th e  o t o li th  a n d  s c a le  m e th o d s  o f  a g e in g ,  a n d  t h e  g r o w th  o f  

Saro therodon  m ossam bicus  ( P isc e s :  C ic h l id a e )  in  a  V e n d a  im p o u n d m e n t  (S o u th e r n  

A fr ic a ) .  Sou th  A fr ican  J o u rna l o f  Zoo logy  1 5 , 2 2 2 - 2 2 8 .

H e c h t ,  T . ( 1 9 8 0 b ) .  A g e ,  g r o w th , r e p r o d u c t io n  a n d  m o r ta lity  o f  th e  B u tte r  c a t f i s h  Eu trop iu s  

depressirostris  (S c h ilb e id a e :  P i s c e s )  in  th e  L u p h e p h e - N w a n e d z i  im p o u n d m e n t . V e n d a  

( S o u t h  A f r ic a ) .  Jou rna l o f  L im no lo lg ica l Soc ie ty  o f  Sou thern  A fr ica  6 , 3 9 - 4 5 .

H itc h c o c k ,  R . R ., &  S m ith , R . ( 1 9 8 0 ) .  S e t t le m e n t  in  B o ts w a n a ;  H is to r ic a l  d e v e lo p m e n t  o f  a  h u m a n  

la n d s c a p e ,  N a t io n a l  M u s e u m , G a b o r o n e , B o t s w a n a .  H e in e m a n n  E d u c a t io n a l  B o o k s  L td . 

B o t s w a n a  s o c ie t y  p. 4 0 1 .

H o x m e ie r ,  J. H ., A d a y ,  D .  D .  &  W a h l, D .  H . ( 2 0 0 1 ) .  F a c to r s  in f lu e n c in g  p r e c is io n  o f  a g e  

e s t im a t io n  fr o m  s c a le s  a n d  o t o li th s  o f  B lu e g i l l s  in  I I I in o is  r e s e r v o ir s . N orth  Am erican  

Jou rna l o f  F ish eries  M anagem en t  2 1 ,  3 7 4 - 3 8 0 .

H u c h z e r m e y e r ,  C . F . ( 2 0 1 3 ) .  F is h  a n d  f is h e r ie s  o f  B a n g w e u lu  w e t la n d s ,  Z a m b ia . M s c  th e s is .  

R h o d e s  U n iv e r s it y ,  S o u th  A f r ic a  p .1 - 1 7 1 .

H u c h z e r m e y e r ,  D .  A . ,  &  v a n  d er  W a a l, B .  C . W . ( 2 0 1 2 ) .  E p iz o o t ic  u lc e r a t iv e  s y n d r o m e : E x o t ic  

F is h  d is e a s e  th r e a te n s  A f r ic a 's  a q u a tic  e c o s y s t e m s .  Jou rna l o f  the Sou th  A frican  Veterinary  

A ssoc ia tion  8 3 ,  2 0 0 4 .

H u n tin g fo r d , F . &  T u rn er , A . ( 1 9 8 7 ) .  A n im a l  C o n f l ic t .  L o n d o n : C h a p m a n  a n d  H a ll.
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H u tc h in g s ,  J. A . &  M y e r s ,  R . A . ( 1 9 9 3 ) .  E f f e c t  o f  A g e  o n  th e  s e a s o n a l i ty  o f  m a tu r a tio n  a n d  

s p a w n in g  o f  A t la n t ic  C o d  Gadus m orhua  in  th e  N o r t h w e s t  A t la n t ic . Canadian  Jo u rna l o f  

F isheries  a n d  A qua tic  Sc iences  5 0 ,  2 4 6 8 - 2 4 7 4 .

In la n d  F is h e r ie s  R e s o u r c e  A c t ,  ( 2 0 0 3 )  N o .1  o f  2 0 0 3 .  M in is tr y  o f  F is h e r ie s  a n d  M a r in e  R e s o u r c e s , 

N a m ib ia .

In te r n a tio n a l U n io n  fo r  C o n s e r v a t io n  o f  N a tu r e  ( I U C N ) ,  ( 1 9 8 7 a ) .  I U C N  d ir e c to r y  o f  A fr o tr o p ic a l  

p r o te c te d  area s . I U C N , G la n d , S w itz e r la n d  a n d  C a m b r id g e , U K , p. 9 6 3 - 9 6 6 .

J a c k s o n , D .  A . , P e r e s -N e t o ,  P . R . &  O ld e n , J. D .  ( 2 0 0 1 ) .  W h a t  c o n tr o ls  w h o  i s  w h e r e  in  fr e s h w a te r  

f i s h  c o m m u n it ie s - th e  r o le s  o f  b io t ic ,  a b io t ic  a n d  sp a tia l fa c to r s . Canadian  Jo u rna l o f  

F isheries  a n d  A qua tic  S c iences  5 8 9 ,  1 5 7 - 1 7 0 .

J a c k s o n , P . B .  N .  ( 1 9 6 1 ) .  T h e  im p a c t  o f  p r e d a tio n , e s p e c ia l ly  b y  t ig e r f i s h  (H ydrocynus v itta tus  

c a s te ln a u i, 1 8 6 1 )  o n  A fr ic a n  fr e s h w a te r  f is h e s .  Jou rna l o f  Zoo logy  1 3 6 ,  6 0 3 - 6 2 2 .

J a m e s , N .  P . E . &  B r u to n , N .  M . ( 1 9 9 2 ) .  A lt e r n a t iv e  l i f e  h is to r y  tra its  a s s o c ia t e d  w it h  th e  

r e p r o d u c t io n  o f  O reochrom is m ossam bicus  ( P isc e s :  C ic h l id a e )  in  s m a ll w a te r  b o d ie s  o f  th e  

e a s te r n  C a p e , S o u th  A fr ic a . Env ironm en ta l B io logy  o f  F ish eries  3 4 ,  3 7 9 - 3 9 2 .

J e ffe r is , K . &  N e m a o r a n i , T . ( 2 0 1 3 ) .  B o t s w a n a  C o u n tr y  O v e r v ie w , C a p ita l R e s o u r c e s  (P ty ). 

L im ite d .
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