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ABSTRACT: A rev iew  of existing  lite ra tu re  an d  da ta  on seaso n al p a tte rn s in East A frica 's coasta l w aters  
ind ica tes distinct seasonality  in physical, chem ical and b iological ocean o g rap h ic  pa ram ete rs . Seasonal 
p a tte rn s are d ic ta ted  by the  behav io r of the In ter-T ropical C on v erg en ce  Zone (ITCZ) w hich c rea tes  2 
distinct seasons -  the  n o rth east and sou th eas t m onsoons. SE m onsoon (M arch to O ctober) m eteo ro log i­
cal p a ram ete rs  a re  charac te rized  by h igh  cloud cover, rainfall, n v e r d ischarge, te rrestria l runoff and 
w ind en erg y  w hile solar insolation  and  tem p era tu res  are  low; SE m onsoon ocean o g rap h ic  p a ram ete rs  
are  ch aracte rized  by cool w ater, a d eep  therm ocline, h igh  w ater-co lum n m ixing and  w ave energy , fast 
currents, low sahm ty and  h igh  phosphorus. T hese  p a ram ete rs  a re  rev ersed  during  the  NE m onsoon. 
N itrogen availability  an d  p lank ton ic  p rim ary  productiv ity  a re  h igh  along the  Som ali coast and  e stu arin e  
and  river d ischarge  a reas du ring  the  so u theast m onsoons due  to n u trien t upw elling  and  te rrestria l 
runoff. In near-sh o re  w aters off T anzania , n itrogen  fixation is the  m ajor source of n itro g en  an d  is h ig h est 
d u n n g  NE m onsoons w hen  the  w ater colum n is stable. C oral reef b en th ic  a lgal b iom ass and  d iversity  is 
g rea tes t du ring  the  SE m onsoons. Fish catch  and  rep roduction  are h ighest d u n n g  NE m onsoons in 
Kenya an d  T anzania . T ransition  periods b e tw een  m onsoons m ay also be im portan t tim es in de te rm in in g  
productivity  and  reproduction .

INTRODUCTION

Tropical m arine ecosystem s have b een  no ted  for 
m inor seasonal changes or aseasonality  (H einrich 1962, 
Sournia 1969, B lackburn  et al. 1970, S teven & Glom- 
bitze 1972) bu t in East Africa la rge  seasonal changes 
control m any ecological processes. W hile seasonality  of 
the w et and  dry seasons is a w ell-docum ented  
phenom enon  for E ast A frica's te rrestria l (W estern 1975, 
S inclair & N orton-G riffiths 1979) and  lacustrine 
(M elack & Kilham 1974, M elack 1979) environm ents, 
seasonality  of the m a n n e  env ironm ent is less u n d e r­
stood an d  studied, N evertheless, som e research  has 
been  com pleted  on this subject, focusing on various 
physical, chem ical and  biological processes. This pap e r 
review s this litera tu re  in an  a ttem p t to syn thesize and 
develop an u n d erstan d in g  of seasonality  in East 
A frica's coastal w aters focusing on the a rea  10° north 
and  south  of the equa to r constitu ting  the coastlines of 
Somalia, Kenya an d  T anzan ia  (Fig. 1).

METEOROLOGICAL PARAMETERS

C lim atic p a tte rn s  are the single m ost im p o rtan t factor 
affecting  seasonal changes th roughou t East Africa, an d  
a good u n d ers tan d in g  of these  factors lends in sigh t into 
the  affected  physical, chem ical an d  biological p ro ­
cesses. In particular, the In ter-T ropical C onvergence 
Zone (ITCZ) is the single m ost im portan t clim atic 
p h en o m en o n  affecting  seasonality , an d  its an n u a l m i­
gration  creates the 2 seasons ex p e rien ced  n ea r  the 
eq u a to r know n in E ast Africa as the n o rth east (NE) and  
sou th east (SE) m onsoons. Off the Som ali coast the 
easterly  air m ovem ent during  the SE m onsoon is over­
ridden  by a w esterly  flow tow ards the  A sian con tinen t 
in the northern  hem isphere  sum m er (Fig. 1) an d  is 
therefo re  nam ed  the  sou thw est m onsoon in som e lite ra ­
ture. W ithin the Indian  O cean  reg ion  th e  ITCZ shifts 
fu rther north  during  the SE m onsoon th an  in m ost 
tropical areas due to the low p ressu re  b e lt c rea ted  on 
the A sian con tinen t during  the no rth ern  hem isphere
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Fig. 1. C u rren t p a tte rn s  (solid lines) an d  w ind directions (dashed  lines) du ring  (a) the  SE and  (b) th e  NE m onsoons in th e  East
A frican region

sum m er. This shift is responsib le  for the g rea te r se a ­
sonality  ex p e rien ced  in East Africa an d  a g rea te r  d is­
tinction b e tw e en  w et an d  dry seasons than  in  m any 
other tropical areas.

In land areas  in E ast Africa ex perience  2 rainy s e a ­
sons occurring  shortly afte r equ inoxes and  2 dry se a ­
sons occurring  during  solstices. D ue to the sh ap e  of the 
A frican con tinen t and  w ind  direction  the g rea tes t 
am ount of rainfall occurs d u ring  the SE m onsoon w hen  
w inds pass over the Ind ian  ocean. D uring the NE m on­
soon the air m ass p asses  over the  drier Somali land  
m ass an d  the re fo re  coasta l a reas  receive only a sm all 
rainfall p ea k  (Fig. 2) th a t m ay be a ttrib u ted  to the 
g enera tion  of a local lan d -sea  b reeze system . In land 
areas receive m ore rainfall due to the expansion  of a 
w et low p ressu re  a rea  from C en tra l Africa w hich rarely  
reaches the coast.

C oastal m eteoro log ical m easu rem en ts  from M om ­
basa (4° S) reflect the d esc rib ed  p rocesses (Fig. 2). The 
division b e tw e en  NE (O ctober to M arch) and  SE m on­
soons (M arch to O ctober) ind icates 2 d istinct coastal 
seasons com pared  to 2 w et an d  2 dry seasons a t sim ilar 
la titudes in land. SE m onsoons are characterized  by 
high cloud cover, rain, w ind en erg y  and  d ecreased  
tem p era tu re s  an d  light. This is in contrast to NE m on­
soons w hen  variab les are reversed . T hese clim atic 
p h en o m en a ultim ately  affect physical, chem ical and

biological oceanograph ic  processes (for fuller 
m eteorological inform ation see  Griffiths 1972).

PHYSICAL OCEANOGRAPHIC PROCESSES

C urren ts along the coast are  affected  by w ind 
patterns, the con tinen t and  the Coriolis force. The 
m ajor circulation is p a rt of the clockw ise cu rren t of the 
n o rthern  part of the Indian O cean  (Drnng 1970; Fig. 1). 
T he S outhern  E quatoria l C urren t traverses the Indian 
O cean, encoun ters the coast at T anzan ia  an d  moves 
n o rthw ard  form ing the East A frican C oastal C urrent. 
D uring the SE m onsoon (Fig. la) this cu rren t continues 
north  an d  leaves the con tinen t at Som alia. D uring the 
NE m onsoon (Fig. lb ) the ch an g in g  w inds slow the 
northerly  w ater m ovem ent an d  even tua lly  reverse  the 
m ovem ent, form ing the Somali C ounter C urrent. This 
cu rren t can reach  as far as 4° S during  years w hen  it is 
strong, before leav ing  the coast (Johnson et al. 1982).

D ue to these curren ts the m ajor dow nw elling  area 
an d  associa ted  low nu trien t w aters are along T anzania 
and  sou thern  K enya (Bell 1972). D ow nw elling occurs 
th roughou t the year bu t is s trongest during  SE m on­
soons w hen  curren t speeds are greatest. U pw elling 
occurs along northern  Som alia d u n n g  SE m onsoons but 
b reak s dow n d u n n g  NE m onsoons as the cu rren t direc-
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Fig. 2. M eterological p a ram ete rs  in M om basa. M onthly  (a) air 
tem p era tu re  (m axim um  and  m inim um , 1946 to 1980) an d  solar 
rad ia tion  (1963 to 1980); and  (b) rainfall (1946 to 1980), w ind 
run  (1971 to 1980) and  significant sea and sw ell w ave heigh t 
(height of the  'A larg est w aves). D ata from the East African 
M eteorology D ep artm en t (1980) and  T uryah ikayo  (in press)
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Fig. 3. M onthly  surface w a te r  tem p era tu res  off the  T an zan ian  
coast for 3 sam pling  periods (1975, 1969, 1955-56)

T he tidal ran g e  in K enya is 4 m w hich is relatively  
la rge  for a tropical coastline (Brakel 1982). T he g en e ra l 
tidal pa tte rn  in East Africa, as in m any equato ria l 
regions, is to have the m ost ex trem e tides around  
equ inoxes or in te rm onsoon  periods an d  lesser 
ex trem es during  solstices. This affects the  n u m b er of 
em ersions p er lunar m onth, the duration  of em ersions 
an d  subm ersions (Brakel 1982) and  u ltim ately  the 
g row th of in te rtidal organism s and  their d istribu tion  on 
a seasonal basis. Spring tides and  ex trem e sp ring  tides 
during  in term onsoon tim es m ay resu lt in periodic n u ­
trien t inpu ts from es tuarine  areas on a lunar an d  annua l 
basis.

tion sw itches (W arren 1966, W arren et al. 1966, Diiing 
& Schott 1978, Smith & C odispoti 1980, L eetm aa e t al. 
1982). D uring NE m onsoons, curren ts leave the coast 
from northern  Kenya and  slight upw elling  m ay occur 
there (Kabanova 1968).

D ifferences in currents, up and  dow nw elling , w ater 
tem p era tu re s  and  nu trien ts cause a north-south  
dichotom y b e tw een  ecosystem s along the coast. The 
sou thern  section is p redom inated  by coral reefs and 
ben th ic  productiv ity  associa ted  w ith low -nutrien t 
w arm  w aters. The northern  section has cooler nu trien t- 
rich w aters an d  a g rea te r p redom inance of p lank ton ic 
productivity.

C urren t sp eed  and  w ate r colum n m ixing are affected  
by w ind speed  and  duration . As w ind  run  an d  speed  
are g rea tes t du ring  SE m onsoons so is w ater colum n 
m ixing an d  an associa ted  d ee p e r therm ocline (New ell 
1957, 1959, M organs 1962, Iversen  1984). W ave heigh t 
off the K enyan coast (Turahikayo in  press) lags slightly 
beh in d  w ind energy  an d  is g rea tes t during  the SE 
m onsoons (Fig. 2; N orconsult 1977). Increased  cloud 
cover an d  d ec reased  air tem p era tu re s  during  SE m on­
soons low er surface seaw ater tem p era tu re s  w hich  lag 
beh in d  air tem p era tu re s  (Fig. 3).

CH EM ICAL O CEA N OG RA PH IC PARAMETERS

C hem ical p a ram ete rs  have  b ee n  m easu red  (single 
sam ples) off T anzan ia  by N ew ell (1959) in offshore 
w aters (> 500 m deep) 25 km  east of the sou thern  end  
of Z anzibar for a varie ty  of dep ths, an d  by Bryceson 
(1977, 1982) in n ea rsh o re  (60 m deep , 6 °40 'S ,
39° 17' E) surface w aters (0.5 m deep). C hem ical p a ra ­
m eters also reflect seasonal changes. T he m ain  sources 
of m ineral e lem en ts such as phosphorus are w ate r 
colum n m ixing, upw elling , river d ischarge an d  runoff. 
In dow nw elling  areas  off T anzan ia  an d  so u th ern  K enya 
th e  m ain  sources of p h osphorus are w ater-co lum n m ix­
ing (New ell 1959, B ryceson 1982), d ischarge an d  runoff 
occurring  du ring  rainy  seasons. P hosphorus co n cen ­
trations p ea k  in  Ju n e  (Fig. 4) soon afte r the  in itiation  of 
the SE m onsoon. N ew ell (1959) show ed th a t ph o s­
phorus concen tra tions inc rease  w ith  dep th . This p h o s­
phorus reach es surface w ate rs  du ring  the SE m onsoon 
due to w ater-co lum n m ixing. In n o rthern  K enya w ater- 
colum n m ixing an d  river d ischarge  are likely to be 
im portan t n u trien t sources, an d  upw elh n g  off th e  Som ­
ali coast (McGill 1973, Sm ith & C odispoti 1980).

D ischarge of m ajor rivers is affected  by in lan d  ra in ­
fall p a tte rn s  ra th e r th an  local pa tte rn s. H ence, dis-
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Fig. 4. Seasonal surface water phosphate-phosphorus changes 
for 2 yr (1975, 1956) off the Tanzania coast. Newell's (1959) 
data are averages of single samples collected at 0 and 20 m 

and Bryceson (1982) single samples collected at 0.5 m

charge peaks during NE and SE monsoons occur 
shortly after the inland rainy season (Fig. 5). Local 
runoff is greatest during the SE monsoon. The total 
effect is such that the SE monsoon has the greatest 
influx of freshwater and terrestrial nutrients. Nutrient 
concentrations in rivers are quite high due to poor 
inland soil conservation practices. Measurements from
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Fig. 5. A verage  m onthly  d ischarge  from K enyan  Rivers T ana 
(1948 to 1979) and  S abak i (1952 to 1979). D ata  from th e  T an a  

River D evelopm en t A uthority  (1981)

the S ab ak i river (1980-1981) show  av e rag e  phosphorus 
concen tra tions of 1300 p p b  and n itra tes  of 165 ppb  
(G iesen & van  de K erkhof 1984). D uring SE m onsoons 
cu rren t circulation  is tow ards the north  as are fre sh w a­
ter inpu ts  (Brakel 1984). NE m onsoon d ischarges are 
less an d  cu rren t velocities slow er to the south  keep ing  
d ischarge effects localized a round  d ischarge points 
(Brakel 1984). The S abak i an d  T ana river d ischarges 
occur in  n o rthern  K enya w hich fu rther em phasizes the 
prev iously  m en tioned  north -sou th  dichotom y.

Low est salin ities occur at the onset of the  SE m on­
soon w h en  d ischarge, cloud cover an d  rainfall are  high 
(Fig. 6). Im m ediate ly  follow ing the rainy  season, n e a r­
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Fig. 6. Salinity chan g es during  2 yr (1975, 1956) off the  
T an zan ian  coast

shore salinity can  drop drastically  in  nearshore  areas 
an d  has b een  m easu red  as low as 26 %o (M w aiseje 
1973). H ighest salinities occur during  NE m onsoons 
w hen  air tem p era tu re s  and  solar insolation are high 
an d  rainfall an d  d ischarge low.

N itrogen has 3 im portan t sources, nam ely  biogenic 
sources form ed from n itrogen  fixation, te rrestrial runoff 
an d  upw elling. In non-upw elling  pelag ic  areas n itro ­
g en  fixation is likely to be the m ain  n itrogen  source. 
Bryceson (1982) suggests th a t n itra tes in nearshore  
w aters off T anzan ia  reflect the b reakdow n  of n itro g en ­
ous com pounds from nitrogen-fix ing  a lgae (Fig. 7). In 
littoral and  estuarine  areas n itrogen  from terrestrial 
sources m ay be m ore im portant. A seasonal study of the 
Tudor creek  in M om basa (Norconsult 1977) show ed 
th a t n itra te -n itrogen  w as h ighest during  the SE m on­
soon suggesting  tha t runoff w as the m ain n itrogen  
source in these  creeks. D ata on o ther nu trien ts and  
chem icals excep t oxygen (New ell 1959, McGill 1973, 
Bryceson 1982, Iversen 1984) have received  no a tte n ­
tion bu t m ay be a fruitful area  of research .

BIOLOGICAL PARAMETERS

Studies of seasonality  in biological system s have 
b ee n  restric ted  to p lank ton ic system s, ben th ic  algae, 
rocky shores an d  fisheries. P lanktonic system s are vari­
ab le d ep en d in g  on chem ical an d  physical forces affect­
ing  them . P atterns of n itrogen  availability  are useful in 
u n d erstan d in g  p lank ton  as n itrogen  often limits m arine 
p rim ary  productiv ity  (Ryther & D ustan  1971, H ecky & 
Kilham in press). Bryceson (1982) show ed tha t 
chlorophyll and  phy top lank ton  ab u n d a n ce  and  d iver­
sity are m ost ab u n d a n t in T anzan ia 's  nea rsho re  w aters 
during  NE m onsoons (Fig. 8). He a ttrib u ted  this to 
calm er conditions w hich create  a shallow  stable 
therm ocline w hich keep  phy top lank ton  at optim al 
pho tosyn thetic  ligh t in tensities n ea r the surface. This 
optim izes conditions for the n itrogen  fixing b lu e-g reen
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Fig. 7. Seasonal n itra te -n itro g en  va lues an d  th e  a b u n d an c e  of 
a n itrogen-fix ing  a lg a  from  n earsh o re  w a ters  off th e  T an z a ­
n ian  coast. D ata from B ryceson (1982) co llected  a t 0.5 m 
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Fig. 8. Seasonal chan g es in su rface -w ater (1975; 0.5 m) 
chlorophyll concen tra tions and  tu rb id ity  m easu red  by a Sec- 
chi disk  in nearsh o re  w aters off the  T an zan ian  coast. D ata 

from B ryceson (1982)

algae Oscillatoria erythraea  w hich even tua lly  m ay 
positively affect o ther phy top lank ton  taxa. O kera 's  
(1974a) nearsho re  Zooplankton study (20 m deep , verti­
cal tows at 0.3 m s -1 ), com pleted  n ea r B ryceson 's (1982) 
site, ind icates tha t Zooplankton in T anzan ia  is most 
ab u n d a n t during  la te  NE an d  early  SE m onsoons and 
probably  lags som ew hat b eh ind  phy top lank ton  peaks 
(Fig. 9).

In river d ischarge, es tuarine  an d  upw elling  areas 
phy top lank ton  productiv ity  is g rea test du ring  th e  SE 
m onsoon (K abanova 1968, Krey 1973, Sm ith & C odis­
poti 1980) probably  due to in c reased  n itrogen  ava ilab il­
ity from terrestrial sources an d  upw elling . A Zooplank­
ton study of T udor creek, M om basa (Kimaro 1986) 
ind icates th a t Zooplankton ab u n d a n ce  is g rea test 2 to 
4 w k after rainfall p eak s in M arch an d  N ovem ber 
although  overall creek  Zooplankton ab u n d a n ce  w as 
g rea test during  the NE m onsoon. Bryceson (1977) 
failed to find p lank ton ic seasonality  in T anzan ia 's  
es tuarine  areas.

M oorjani (1978, 1979, 1982) stud ied  seasonal
changes in algal biom ass on reef platform s of sou thern  
Kenya. She found th a t the richest flora an d  biom ass
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Fig. 9. Seasonal ch an g es in Z ooplankton ab u n d an c e  in n e a r­
shore w a ters  off the  T an zan ia  coast (1969) an d  av erag e  se a ­
sonal b iom ass (1973-74; x ±  0.5 SE) of b en th ic  a lg ae  from 13 
sites on 2 K enyan reef platform s. D ata  from O k era  (1974a) and 

M oorjani (1979)

occurred  tow ards the en d  of th e  SE m onsoon, reach ing  
a p ea k  in S ep tem ber (Fig. 9). Species of P haeophy ta  
(brow n algae) an d  R hodophyta (red algae) m ade their 
g rea test con tribu tion  to floral diversity  an d  biom ass 
during  this time. D uring the  NE m onsoons, 
C hlorophyta (green algae) an d  C yanophy ta  (b luegreen  
algae) w ere  rela tively  m ore ab u n d an t. M oorjani 
em phasized  the physical factors crea ting  this pattern , 
suggesting  th a t desiccation  stress w as less severe  d u ­
ring  the SE m onsoons an d  therefo re  m ore favorab le to 
ben th ic  algae. Yet, in tropical areas, herb ivory  plays an 
im portan t p a rt in determ in ing  a lgal b iom ass. It m ay be 
th a t th e re  is red u ced  herbivory  during  this tim e du e  to 
low er w ate r tem peratu res. H erbivory  in coral reefs can 
affect bo th  biom ass an d  taxon-re la tive  a b u n d a n ce  (Hay 
1984). A dditionally, g rea te r w ate r tran sp a ren cy  during  
the SE m onsoon (Fig. 8) in so u th ern  K enya an d  T a n ­
zan ia m ay have a positive effect on b en th ic  p rim ary 
productivity .

D uring the SE m onsoon, m any in te rtida l ben th ic  
organism s ex pand  the ir d istribution . This has b ee n  
observed  for ben th ic  a lg ae  (M oorjani 1978) an d  rocky 
shore gastropods (Ruwa & Jacarrin i 1986). Increased  
w ave en erg y  an d  d ec reased  desiccation  factors allow  
expansion  to h igher tidal areas. H ow ever, seasonal 
ch an g es in  ben th ic  a lgal b iom ass failed to show  se a ­
sonality  in a ree f-in h ab itin g  algivorous echinoid  
(K ham ala 1971) w hich  m ay be respond ing  to env iron ­
m en ta l or biotic factors on a longer tim e scale (M uthiga 
& M cC lan ah an  1987).

FISHERIES

Fisheries research  in K enya an d  T an zan ia  ind icates 
d istinct seasonal ch an g es in finfish ca tches (Fig. 10). 
C atch  is low during  the SE m onsoon an d  h igh  during  
the NE m onsoon w ith  a p ea k  in  M arch  at the  en d  of the
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Fig. 10. K enya's m o n th ly  (x ±  SE) m arine  fish catch  (1968 to 
1984 excep t 1970, 1971 an d  1977). D ata from th e  Kenya 

F isheries D ep artm en t (1986)

NE m onsoon. It is difficult to d e term ine  from existing 
d a ta  the ex ten t th a t various factors of fish ing effort, fish 
popu la tion  ch an g es an d  env ironm en ta l factors p lay  in 
th ese  data. Factors affecting  observed  seasonality  
inc lude (1) red u ced  effort by fisherm en  during  the SE 
m onsoon due to rough  sea  conditions, (2) fish m ig ra­
tions (W illiams & N ew ell 1957) an d  (3) d ecreased  
density  an d  activity d u e  to a d e e p e r  therm ocline and  
cooler w aters in the SE m onsoon (M organs 1962). S ur­
veys w hich have m easu red  fishing effort have show n 
this seasonal p a tte rn  to occur w h en  effort w as kep t 
constan t or catch  p er un it effort w as calcu lated  
(W illiams 1965, M errett 1968, K am anyi 1975, N hw ani 
1980a, b). This suggests  th a t the last 2 factors m ake the 
g rea test con tribu tion  to the o bserved  pattern .

Fish rep roduction  is the  m ost s tu d ied  topic concern ­
ing coastal seasonality . M ost stud ies show  th a t rep ro ­
duction  is h ighest du ring  the  NE m onsoon in Kenya 
an d  T anzan ia  for bo th  pelag ic  (W illiams & N ew ell 
1957, W illiams 1965, M erre t 1970, 1971, O kera  1974b) 
an d  dem ersal (Talbot 1960, D arraco tt 1977, N zioka 
1983, 1985) fish (Fig. 11). Yet R ub indam ayugi (1983)
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Fig. 11. Percen t ripe  g onads in fish from  5 fam ilies 
(Serranidae, L utjan idae, L ethrin idae, M ullidae  and  Scaridae) 
a long  the K enya and  T an zan ian  coast (1974-77). D ata from 

N zoika (1979)

show s a d istinct um m odal b reed ing  p eak  during  the SE 
m onsoon for L eptoscarus vaigiensis  in T anzan ia  w hich 
feeds on seagrass. Som e species are aseasonal b re e d ­
ers (Talbot 1960, N zioka 1979) w hile o thers b reed  d u ­
ring in term onsoon tim es (Nzioka 1982). Spiny lobsters 
(Bw athondi 1973) b reed  th roughou t the NE m onsoon 
and  the im portan t fisheries crab  Scylla serrata 
(B ashem ererw a 1981) appears to m igrate  from its m a n ­
grove h ab ita t an d  b reed s during the initial p art of the 
NE m onsoon b e tw een  S ep tem ber an d  D ecem ber. 
M any species m ay be tim ing their reproduction  to high 
w ate r tem pera tu res  associa ted  w ith the NE m onsoon 
b u t reproduction  should  vary according to the species 
hfe-histories.

From the d a ta  p resen ted  it is clear th a t seasonality  is 
a m ajor factor affecting  biological processes on a yearly  
basis, bu t it should  also be ap p rec ia ted  th a t the severity  
of m eteorological and  oceanograph ic  conditions 
ch an g es b e tw een  years as w ell as w ith in  years. O bser­
vations on K enyan fish catches over the p ast 17 yr show  
m ark ed  variation  b e tw een  years and  no overall upw ard  
or dow nw ard  trend  th a t m ight be expected  from 
changes in fishing effort or overfishing (Fig. 12). In fact, 
M artin  (1973) has observed  tha t fishing effort has been  
fairly constan t in  M alindi since the in troduction  of 
m odern  fishing g ea r before 1958. C orrela ting  K enyan 
fish catch w ith T ana river d ischarge (Garissa station) 
and  coastal rainfall (M om basa station) for lag tim es 
b e tw een  1 and  5 yr shows a positive association 
increasing  up  to the fourth year for both  river d ischarge 
(t + 1 to 5, r = -  0.06, 0.29, 0.46, 0.62, 0.43) an d  rainfall 
(Í + 1 to 5, r  = 0.01, 0.32, 0.43, 0.65, 0.38) bu t both 
variab les are statistically  significant (p < 0.01) only at 
the 4 yr lag  time. N u trien t inputs associa ted  w ith d is­
charge m ay eventually  result in increased  recru itm ent 
and  grow th (Sutcliffe 1972).
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Fig. 12. Total K enyan m arine  fish catch  (1967 to 1984, except 
1971 and  1977), M om basa annual rainfall (1964 to 1984) and 
T ana  river flow (Garissa, 1964 to 1985, excep t 1980). Data 
from K enya F isheries D epartm en t (1986), East African 
M eteorological D ep artm en t (1980), T an a  River D evelopm ent 
A uthority  (1981) and  K enya M inistry of W ater D evelopm ent 

(1986)
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River d ischarge and  runoff m ay have som e initial 
nega tive  effects due to increased  sedim ent, reduced  
light pene tra tion  or large changes in salinity. These 
nega tive  effects are probably  localized close to d is­
charge points and the total effect, on a la rger spatial 
scale, is one of increased  productivity. D ischarge areas 
such as the T ana and  S abaki rivers have long been  
know n as areas of good fishing and  h igh  productivity  
for tropical w aters (M organs 1959, W ickstead 1961, 
Iversen 1984, V enem a 1984) and  this is undoub tab ly  
due to river d ischarge inputs and  d ischarge-induced  
upw elling . T here is no ev idence to suggest tha t poor 
in land  soil conservation practices are hav ing  a negative  
effect on fisheries or on coral reefs south  of M alindi 
(G iesen & van de K erkhof 1984), bu t a thorough  study 
has yet to be com pleted . River d ischarges w ith in  this 
region have ex isted  north  of 3° S since the form ation of 
the Rift V alley (approxim ately 30 million yr ago) and 
m ost ex tensive coral reefs have developed  at sufficient 
d istances from these  d ischarge points to avoid their 
detrim en ta l effects. The p resen t an th ropogen ic  
changes in d ischarge are probably  not beyond  the 
h istorical variation  experienced  in recen t geological 
tim e due to clim atic changes. Poor soil conservation  
practices cause a shift in productiv ity  from h igh  p o te n ­
tial terrestrial productivity  to the low er po ten tia l p ro ­
ductivity of m arine p lank ton  an d  b en th ic  ecosystem s. 
The m ajor environm ental problem  is not the loss to 
fisheries or coral reefs bu t the lost p o ten tia l p roductiv ­
ity of the terrestrial environm ent.

CONCLUSION

It is ap p a ren t th a t seasonably  is a m ajor factor affect­
ing an n u a l p a tte rn s  of physical, chem ical and  bio logi­
cal processes along the East A frican coast. Factors 
affecting seasonality  are d ifferent from tem p era te  re ­
gions. R ather than  la rge  solar rad ia tion  and  te m p era ­
ture changes, characteristic  of tem p era te  regions, 
sm aller changes in solar rad ia tion  resu lt in the shifting 
ITCZ and  associa ted  m eteorological and  oceano ­
graph ic  changes. R esearch  to d a te  has often b een  
descrip tive an d  of poor tem poral an d  spatia l resolution. 
Fu ture research  n eed s  to closely exam ine the causes of 
observed  pa tte rn s w ith  im proved spatia l an d  tem poral 
resolution. This includes the n ee d  to study  spatia l and 
tem poral p a tte rn s  of prim ary and  secondary  p roductiv ­
ity and  an n u a l fish m igrations. Also, th e re  is a com plete 
lack of inform ation on m any of the m ajor ecosystem s 
includ ing  m angroves, seag rass beds, coral reefs and 
their response as species and  ecosystem s to seasonal 
changes. Further, fisheries data  needs to be im proved 
for its relevance to statistical analysis in o rder to m ake 
inform ed m an ag em en t decisions. This region offers the

poten tia l to u n d e rs ta n d  tropical seasonality  and  should 
receive fu rther research  efforts.
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