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MARINE BIOLOGY OF THE SIERRA LEONE RIVER ESTUARY
L. THE PHYSICAL ENVIRONMENT

Ivan We Q. Findley
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The Sierra leone River Estuary is in effect the drowned estvary of
the Rokel River or Seli as it is known in its upper reachem. It is bounded
on the north by a coastal plain indented by creeks and on the south by |
a mountainous peniﬁsula with peeks renging from 1000-2900 £t (330-950m)
in height. It extends 27 miles (44Km) from its mouth to Tumbu Island,
beyond which the Port Loko Creek joins the Rokel River (Fig 1)« From
Tumbu Island southwesiwards the Egtuary assumes a width of 2.5 miles
(&km) vntil it reaches Tagrin Point, where it turns northwestwards and

widens ~radually to about 7 miles (11Km) before it reaches the
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The Rokel River: rises'in the Futa Jallon Highiands on the border
of Guinea and Sierra Leone at an'altitude of approximately 1600£t
(500@) s It is about 180 miles (FOOKm) long, being the longest river in
Sierra Leone. It makes a markcd westward swing as it leaves the
interior plateau near-Magburaka {100 miles or 160 Km from source) for
cgherplains. This chenge in diréction of flow probably results from
processes of river capture consequent on a period of uplift or emergence;
but subsequent submergence has resulted in the present form of, the
estuary (Clarkey 1966). |

The Estuary is about 100 square miles (259 Ku~) in arcas Most
of it is shallow” except ‘for a narrow, moderately deep channel whlch
follows its'course until off ngrln Polnt it becomes nearly parallel
‘o, the northérs shored of the peninsula. The chamnel varies in depth
from & fathoms (7m) opposite Pepel to about 18 fathoms (éﬁm?:qupgéﬁg.
Cline Bay through to ith mouth in a downstream direction. On either side
.of. the -channel the depth .of water 1& consmderably less’than S5 fathoms
£10m) and in the upper reaches extensive mud flats are exposed during
’lbwfgide« T@gre'is no sandfbar§aﬁ-the moufh ofﬂghg’Estuary where the
deep chunnel joing the Atlantic-Ocean off Cape Sierra leone, However,
the deposition of -ssndy’ especiAlly on the'morthern side of the Bstuary
‘results in the Tormation of 'a relatively broad. send, bank, the Middle
%G?éuﬁ@@fwhigh beconies exposed at low water ‘springs. -This sand bank
reduces the.depth of the mouth of the Estuary but does.pot’ seem t0
feéuce(fﬁg/amount of %he water éptering'or 19aying it as the strength
of the tgdél\ﬁtream i%?often very great and kesps the channe1:¢learm
Leigh (1973) has accounted forlﬁh? send bank by the change igﬂdirection

of flow of the riverine water from southwest to northwest coupled
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with the setting of the tides-din.a NW-SE-direction across the mouth

of the Estuary. Bainbridge (1958) found greater tur?idity at springs
thén at neaps in the mid-estuarine region and suggestéd that it was

due to the greater scouring action of very strong tidal stresms (4 knots)
on the ebb of springs. However Watts (1957) has showm fhat the soft
black muds deposited in the mid-estiarine rsgion bf the estuary is
favoured by the water being at rest for a sufficient length of time at
each turn of the tide.

The amplitude of the tide ranges from about 2.8 £t (0.9m) at lowest
neaps to 10.2 fﬁ (3,0m) at highect springs, with a mean of shout 6.2 fi
{1.9m)s Strong tidal cur?ents are characteristic of the Estuary as
lafgé areas are flecoded and drafuned during 2 tidal cycles During the
dry season the stream or. the floocd runs alb “=7.5 koots (2-3 km/hr) end
on the ebb at 2-2.5 kuots (4m5 km/re) abt eprings. At neaps it is
about 0.5 knot (1 km/hr) on the flood and 1 knot (2 km/hr) on the ebbe
During the wet season it is much faster on the ebb, reaéhing up to
5 knots (10 km/hr). The duraltion of the flood streem is about 5 hours
and the ebb about 7 houvrs (Admirality Hydrographic Department, 1953).

On the northern side of the Ectuary are numerous creeks,
principal of which is the Port Loko Creek. It is tidal and navigable
for)about 15 miles (24-km)n‘ Cn the southers side a few mountain
streams enter the Estuéry aéd at the southwaobern corner the Bunce
River forms a confluence with ito The creeks and upper reaches of the
Estuary are lined by large areas of mangrove swamp.

Some sectional profilesz of the Estuary are given in Fig 2 and the
location of the sections are shown In T'ig 1. The profiles show that the

deepest part of the channel lies very near the northern shore of the

Freetown Peninsula between White Men's Bay .and Cline Bay.
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Along the Bstuary are twe ports - Freetown end Pepel., Frestomn
is the only importing port whilst Pepel (until recently) was used for the
export of iron ore. Freetown has the best natural harbour in West &frica
with the deepest part of the chamnel near its shore. The entrance to the har
bour is three guarter mile wide and a controlling depth of 6 fathoms (11m)
and lies between O'Farrell Shoal and Aberdeen Point, The harbour extends
8 miles in length with a width of 1% miles and has anchorage room for 240
ships of unrestricted depth, Along the northern shore of. the Freetown
Peningula are located some of the major industries as well as the Queen
Blizabeth II Quay which is at the eastern extremity of the harbour, The
industries include the Kissy 01l Refinery Terminal, the Sierra Fish .
Industries also at Kissy, the Wellington Distilleries and Brewery, all of which

discharge raw or partially treated waste waters directly into the Estuary,

In the central part of Freetown, at King om, there is an Electric
Power Station which uses the estuarims water for its secondary cooling
circuit and discharges the heated water into the Estuary, The main
‘concentration of industry is found to the east and west of the centre of
Freetown in a government established indusbrial zone, stretching from Kissy
to Wellington., At present most of the factories are small but pose a
threat to the water quality of the Estuary as most of them do not treat their

wastes which‘eventually get into the estuarine wetber,

The City of Freetown is largely unsewered except for four short sewer
lines which discharge untreated sewage at two poinmt directly into the Estuary
and at a third near the shore, The éewer lines serving the hotel complex
ot Aberdeen also discharge untreated sewsge directly into the Estuary.

Pige 3 - Sectiomal profilus of Mo Sicrra Loono Hiver Botuary Grawm
fron the Admirelity Chert 689 (New cditions 1967) and fron tho
entrance in om upstroom dircetion. Tho Adadrality Chart Datum -
18 2043 £ (6&23&) below the base of the harbour Lighthousc on
Mbordcen Polut (Cape Sierra Loume), or 5.57 £ (1+70:)
Sicrre Leonc Datum,
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The Shores and Botton

The northwesﬁern“shore‘(Bullom shores) facing the Atlantic is
characterised by exﬁénsﬁﬁé mud bankse On the estuarine sida of}BﬁlIbm
shores are creeks and iglends whose shores are lined witﬁ m&néb&@@”
swomps. The scuthéru shore, fxom Cape Sierra Leone'up to the mouth of
the Bunce Riverﬁlis rocky as the deep channel passes close inshore and
the tidal streams along the shore are very strong. However, the rocky
shore is indented by creeks and bays where mangrove svwamps are founde
Beyond the Bunce River eéstuary in an upstream direction un?@;‘éunoe
Igland is :eached; there appears to be no yggky ghore excepﬁﬁat Bunce
I&land and the neighbouring Trinidad Rocks. In ‘the midﬂestuérine region
Vbetween the sntrance to the Bunce River amnd Tasso Island there are
relatively small banks of mud and stones which become exposed at low water.

lmmediately outside the mouth of the Lstnary there is a wide area
of largely sand or shell sand deposits whereas at the other ‘end of the
Estuary above the Tassc Leland they are predominantly of coarse ssnde
At the lower reaches of the Bunce River the deposits are largely of wud
while'Kumrabi Creek'is'méinly sandy e .(Longhursts 1958)@ The bottom
Adepos1ts on the northern side of the Estuary are moetly sand along the
region of rams@d beaches, glving way uo an admaxtuxe with eilt further
up as the region of fringing mangrove swamps is reacheda Watts {1957)
found the bed of the mideestuarine region is composed of alternating
patches of black mud snd sand wixed in varylng proportions. The mncons
solidated nature of the deposits and the strength of the tidal stream
results in a rapid and uninterrupted redistribution of the sedimentis,
such that the character of the bed of the sstuary is continually

changlige. Where The cwrrent slackens silt is deposited, such that
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intertidal rocks in shelterg@;haysiaré”bOated with soft brown mud eege
at Cline Bay. In the deep channel and ﬁhe channel between Kakim Island
and the Bullom shores where: the bottom currents are most intense, the
bottom is largély composed of broken shéilswapd fine laterilic gravel.
Between Tasgso Island apd Roberis Poiut fﬁéréﬁépe extensive flat areas of
reddish muddy sande

The black muds of the midwestusarine region have a relatively high
organic content attributed to: the preseﬁbe of undecomposed or partially
decomposed organic matter. In general the ésﬁuarine muds ¢ontain
relatively large amounts of sulphur. In thg muds of the mangrove swamps,
the sulphur is in the reduced state but hecoﬁés oxidized as the soil
becomes extremely acid on drying out (Jafdaﬁé 196&)0

Geologidally gpeakingg the Estuarybis congidered relatively younge
Dixey (1919) and Gregory (1962) have sﬁggeééed'@qﬁ}ggstocene dating for
the series of raised bsaches in thie rééi&ﬁ; Mén&quukhful drainage
systems traverse the raised beazheé;°whoéé diétiibutiqnﬁin the Peninsula,
suggests their formation before the Estuary. It is believed that the
rise in sea level which_fq}lowgd:droWﬁed fhé Eétuary;and;generated the
present accumuletion on the Middle Ground and the formation of the
Mangrove swampse
Climate

The climate of the Guinea»cc&st;‘from Cape ?almaaAin'the gouth
to the wnorth of Goﬁakryg_ia dirvectly iufluence&:ﬁy the inter=tropical
or frade wind belﬁ;flconsequently the "Tropical Cuntinenﬁél“ alrmess
Qe dry Nol. Trades ov Harmattan from the Sahera and the "Equiatorial

Maritine" airmass or the Monsoon or humid South Westerlies- domibate
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the climate of this region. In the Freetown area the rains last from
May to November with tvio maxima during May/June and September/Octobers
The dry season extends from December to April, during which pericd the
area comes under the influence of the N.E. Trade winds blowing from the
Sgharae ”

The mean temperatures are lower in the middie of %he raing than
at any other times of the year, with a diurnal range of gbout 72°-82°F
(aa°maa ﬂ)p The. ﬁklﬁ& are cften overcast with relatzve humidity over
80%; Vigibdlity 1$ generally ‘better than durlng the middle of the dﬂy
Beanson, but worse then at the beginning end end of ?h@ira;nav w1nda are
méinly from the dbuthnwwst brinéing heavy raine at %he:beginning and
:tuwaréﬁ the end of the season.

During ﬁha dry season the diurnal range of temperature is 700~90°F
{21°%32°C) , becoming hatter.as the season advancess Relative humidity
varies between 65 aﬁd 90% during the day. The skies are fairly clear
although the predominent north-easterly winds during the period December
to Hﬁmch Irequently Sring dust from the Sahara thus reducing visibility.

The catchment area of the Rokel River has a mean anauwal rainfall
of between 90 smd 130 inches @6=386mm) of which just over 90% falls
vetween May and November. Most of the rainfall eaters the Bstuary as
tun=nfl due to the topography of thé draineage basin and the relatively
jmpermeable soil structure. Within the catchment area therve is a longe
itudingl change in intensity and duraticon of the wé%ﬁseaaoﬂmfrom weat
to sast = intensity being greatest in the west and duration greatest in
the east, (Gregory, 1966). Consequently there is a seasonal fluctuation

'in the river discharge which complicates the hydrography of the Bstuary.
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HYDROGRAFHY

The Estugry is tidel and of the semi-mixed type with the saline water
from the Atléntic Ocesn entering it om a diuwrmal cycle. Tidal variations
gpg.racbrded 28 Tor as 42 wiles inland along the watercourses of the
Rokel River #nd its twibuteries as well es the Bunce River and 5axerdl
“amall streams, Kumrabi and Port Loko Cneaksa"The rate of cutflow'o; the
Roltel River has so far not been investizated but the extent of its'dd ischarze
inte the Bstuary can be roughly estimated from salinity values.
Salinity

Watts (1958) has shown that there is a very striovg seasonal fluctuation
of salimity due to the heavy preeipatation bétweet Moy and Obﬁbbeéﬁ(Table ),
e suspested that the distribution of salinity in the main esi SuArY., is a
result of the cilrouvlatory current system. Thers is & uendency towaruu a

two layered. transport system with an offshore movement of relativély braclish
water compensated for by an omshore caunter current of saline water-close

to the boltom of the estuary. As a result | he water becomes StrhﬁlLleu

and the salindly increases with depth. This VEIth&l Sbllnlty grdmleai

is influenced by the changes in tidal range anL the rabé ofiviver discliarse.

Inthe wet season the stratification is more markeo at sprlngs “Wherens in the

dry season it is penerglly not appreclable, The larfe ullvo;on of cha surface
waters results in low salinity in the reiny seassii. g bottom waters near
the mouth are reletively immume except &ﬁrihﬂfﬁﬁaﬁyrflaadswwhenhlﬁﬁéé
chanpges in salinity becowe noticeable at Deapsa, Th;s A8 1ot the sase in
”éhé‘drj season when conditions are such ﬁh¢6 the wauer uolnmn is aluost
Jhomogenousy
Lﬁ%ﬁhlﬁQ975) Zound: that in the mein estuary fthe differences hotween
surfgace ana botton water sallnlcles Gurln the,dry seeson wore comparatively
suall but incressed uﬁatream. lihese 01ilerenccs tended to be larbe tomaris
the end of the vainy scasén at the mouth B ‘Ll EstLary but eutgnacunké
eérly dry seasam in the leule and upper rea@hesmA The observad‘ﬁfénﬁ§fﬁ
result from con51ﬂer1ble lony and short ternm Varlatloﬁs in, the amovnt OL
water enterin; the Lsauarylbrom the ses as well as th amounu Llowmnh ouco
90 far there is 1itile’ hydrographic date fox the hlgner reaches of
the Estuary and for the oreeks. However, the date available (Lenghurst,1958)
indicate that uurlam caa ary “eascnj Ldlll? 5bl;ne water reaches the.:

heads of the oreeks and fresh water is only found in the Rolkel Rivep 20
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TABLE I

Scasonal fluctuations in the vertical and’hgg}zantal,éalinity'profiles
at the times when the maximum gnd minimum wvalues were obtained.

(Watts, 1958)

DRY SEASON WET SEASON
LW, H.W. L.W. H.W.
Mouth Surface 33.3 3o : 27.2 29.3
(Cape 8.5.). ‘Bottom . kO s 30.1 30.5
Middle Surface 27.5 3145 1601 20,9
Reaches .. t ' ,
(Taprin Point)® ' om 298 . ..32.9 25.0 26,7
Upper Surface 21,6 26,8 o2 9.8
Reaches Bott s -
(Popel) ottom 2266 27.0 110 12.9

milos beyond Pepel. During the wet season surface salinity may drop to
about 8ppt at Pepel, and to 16ppt at the hoad of the Bunce River (a
mangrove éreek) and fresh water probably ocecurs 9 miles beyond Pepel. -
Tomperature

Leigh (1973) has shown that the annual difference between the
maxinum and the minimum temperatures were of the order of 2° 4o YO(air),
2° to 1.°C (surface water) and 2%t 3°¢ (bottom water, depth : 17.h to
29, 3m )_from the mouth of the Estuary upstream to a station on the axis
between Tagrin Point and Robene Point. Also the monthly average temperature
variations for air, surfacc and bottom waters were small; varying betW?en
57,3° and 30.1°C (air), 96.6° and 29.7°¢ (surface water) and 26..° and
289700 (bottom Water). In general the average mcnthly air temperatures
were higher immediately towards the bmginning end ond of +the rainy season
and lower in the middle of the dry amd-wainy season, The morthly average
surface and bottom waber temperatures foliowe& he same pattern as for
the air temperature but with a month's lag at their maximum and minimun
Leigh's findings confirm Watts' (1953) observations that both the
horizontal and vertical range of temperature in the Bstuary is small with
only minor seasonsl fluctuations. e observed that. the minimum surface
temperature occurred at the heipht of the monsoon peripd,iﬁugus%)@ The

incresse in temperature after the rains is vrelated to the decreased
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reinfall wotil the meximum i resched in Noveuwber, when the development
of the easterly continental winds and later the Maritime trade winds cause
a further fall in temperature, observed in March (Leigh, 1973). Watts
(1958) felt that ag the Maritime trade winds weaken and the Canary
Current retreabs northwards the sea and estuarine surface watbter tempeira-~
tures rise to a maximum in Hay. He attributed the rise in temperature
to the higher air temperatures and the northerly set in the coastal currecnts,
which transport relatively warmer water from the Counter Eguatorial Current
northwerds alony the coast, Later, as the SW Honsoon strengthens and
fepiaoes the retreating Maritime trade winds, temperatures fell with +he
increased radnfall(Fig. 3o

Turbidity is a very varisble and transient property, depending upon
the weather .and tide. Bainbridge‘(1960) observed that the colour and
turbidity of the Gstuary wabter are conspicious features of the central and
upper reaches wh@n,considere& againsﬁ the backgrouvnd of theﬁsprinﬁ o
.néap cyclé oftthe tidal range. They are most pronounced dufing the dry

season. AL springs the water is brown and turbid whilst at negps i% is
preen and more transparent in contrast to the blue-prey colour and fairly

tronsparent water outside the mouth of the Estusry. He obtained a mean
extinetion cuelficient fromAweekly measurements during the perdiod December,
1954 to August, 1955 in the centréi part of the Batuvary shbrtly‘before
low water of 1.26 (range 3.k to 0.6) at springs, end a mean of 0.5k (range
0,9 %0 -0.3) at neaps. He Ffound that outside the mouth of the Estuary
“there was no clear cycle of turbidity between springs and nsaés and the
extinetion coefficients varied betwesn 0.5 %o 0.1 with a mean of 0.27.
Plankton samples taken simulianeously showed that the estusrine water
carried much organic detritus, especially during spring;ti&es when the
current velocities are highest and larger arveas of the mangrove swamps
are scoured, _ , l

Watts (1958) found‘that turbidity dis greater inkﬁhé et sesason than
in the dry and the concentration of suspended matber increased in an
upstrean direction. Taylor (1966) noted that during the wet season solar
radiation is also decreased, thus greatly reduciug the depth of the
ohotosynthetic zone. Hoﬁever it would appear that with the increased
inflow of sea water intd the Estuary from October to Mey whean Creshwater

discharre is diminishing consequent on derceasing ralufell, fluceulathon



ern of winds and surface eurrvents off the Guinea coast,
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‘reduces the amount of suspended maﬁter, As & result transparency is
increased dvring the dry season - Dcoeﬁber to February -~ as was observeﬂ
by Watts- (1958).
Dissolved Oxygen

Watts (op. ¢it.) made monthly determinations of the concentration
of dissolved oxygen in a series of water sauples of different salinities

taken over a period of six months (Septembgr 195k to Februsry 1955). The
perdod. covered -the last three mgnths of the rainy season and the first
three momths of the dry season. He i found values ranglng from 109 to 56%
saturation, with no seasonal varlatlon, the maY1mum.and minimum values
both ovcurning in Pebruary. A few observatlons in the upper reaches and
creeks gave values ranging from 66 to 83% saturation, while outside the
mmuth‘u¢ tze Estuarj values ranged from 53 to 1035 saturatiom. He also
:oun& that the avérage congentration varied from 80 to 86% saturation
 Wifhin the allﬁlty rahfe of 5 to greater than 30ppt and a Lemperature
.range oL 25 to. 50 Co

- Lelaa (197)) nade determinstions L{rom wegkly samples taken at 5m
aepth intervals from surface to bottom gt high end low tide during the
peﬂlad Qctober 19?0 to hoveﬁber 1971, One station was Located just
outgi&e the wouth of the Estuary and another in the mid-estusrine region.
e ﬁound no seasonal veriation although concentrations tended to be .
4sli§htly higher aufiﬁg,thé ?ainy“saaséh.than during the dry season
espebiglly’in.the miﬂ—eéfﬁarine region. Also the oxygen,confent,of the
surfaéé%waﬁer was continuously higher than those of the bottom water
throughout a greater part of th6>p§riod'exaept at low tide immedigtely
outside the mouth of the Estuary.&uring Jeptember when the bottom water
6onc§ntrations ﬁére'highér ﬁhan those. at thelsurfacea Generally therc
was mod mueh dlffefence in the dissolved oxygen concentration between
sach bf the stations .at all depths.  The concentration ranged from 55
to 9% saturation 1mmed1ately outaide the mouth of the Estuary and 55
to 97% s&tﬁration'inA*he mid-estuarine region.

Lexgh has pronosed oaac the sllghxly'hibher surface values are &

consaquence'o wind actlon.on.zhe surface waters; the slight inerease
;H.COHGGnﬁT“AlOH in che mid-estugrine region during the rainy season
eould be due to the. influx of Treshwater from the Rokel River, Morsover

" the drop in the oxygen countent of the bolttom water could result from the
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breakdown of organic matter which Watts (1957) found to be abumdant .in the
botton deposits of the Estuary,

Hutrients. « Imorgsanic Phosphorus

Bainbridge (1960) save the results of a series of dissolved phosphate
determinations carried out by P. Hansen from April to December, 1953. The
dissolved phosphate content of the water was found to be slightly higher in
the central reglon of the Estusry (0.3 - 0.97 ug-at B/L) than at its mouth
(0.25 = 0.72 ug=at B/1). These amounta were considerably higher than those
of Wattenberg (1957) obtained for the open Atlantic Ocean water just off
the West African coast (0.0 — 0.36:mg-at P/1 at 25m, and at the surface it
was undetectable). At the upper reaches of the Estuary Watts (1958) found
that the average concentration was 0.15 ug-at P/ls Bainbridge (1960)
therefore concluded that the relatively high concemtrations of dissolved
phosphiate in and off the mouth of the Estuary may be due to the continual
tidal mixding and frequent re-suspension of orgenic detritus derived from
the river, the mangrove swamps and the plankton.

Leigh (4973) carfied out weekly determinations of inorganic phosphate
and nitrate-nitrogen concentrdations at 5m depth intervals down to 15m in
the sea at the mouth of fhe’Estuary and in the central region of the IEstuary
from October 1970 to Novem’ber 1971. He found that the inorganic phosphate
concentration ranged from 0.10 to 0.76 uz-at B/1l; that during the dfy season
(especially from late January to the end of March) it was undetectablec at
all depths from just outsiée the mouth up to the central region of the
Estuary, With the onset of the rains (April) the concentration increased
and was maintained at a high level till the end of the rains, There was
an increase in contentration with depth at all states offthe tide during
most of the rainy season (April te September) just ouside the mouth of the
Estuary. The same pattern was observed in the central region of the Estuary |
but in May and June the concentration was not uniformly distributed iu the
vator column as higher concentrations were detected at eitlmr Hm or 10m depths.
During the rainy season.at the entrance to the Estusry the concentrations
et the surface and bottm were hisher at hipgh tide than at low tide whercas
during the dry season thore was 1ittle difference in concentration at both
states of the tide. In the. central rogion of the Estuary the concontration
at low tide in the surface wateor in June, and from September to November was

highr than that at high tide. The pattern was reversed during May and July
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whilst during August the surface comcentration at both states of the tide
wgore almost similar (0.15 ug=-at P/1). The bottom concentrations at low
tide was higher than that at high tide duripg April, July and Scptember,
whereas tho opposite trond was cbserved in May, August and Nowember. During
the dry scasomn the concentratiouns at both states of the tide were almost
similar.

Leigh (1973) has suggested that the absence of duorgamic phosphate
in the cstuary water durimg late January to carly March im the lower reaches
and the contral region could be duc to its rapid uptake by phytoplankton
which is usually in groat ebumlance from Jamuary to June/July (Baimbridge
196Q Watts 1961). Associated with the Iattor is the ponctration of sca
“water into the Estuary during this period when land run-off has decroascd,
Waﬁﬁeﬁberg (1957) has shown that the open sca water cutside the Estuary
is usually poor in inorganic phosphate, honce the total abscnee of phosphate
at all depths. Tho imcrcasc of inorganic phosphatc concontration from latc
March %o November is attributed to tidal miximg and turbulonce generated
by the stronmg incomimg wostorly winds. Such a view has buttrossed that
of Beimbridge (1960) that the inorgamic phosphorus is brought into circulation
from re-susponsion of tho bottom sodiments amd can account for the iumercascd
concentration with depth during a groator part of the pordods.

Nitrgte-Nitrozen

Single nitrate analysis carricd out by Watts in Novombor 1954 and
roportod in 1958 gave an average concontration of 5.29 ugeat N/I for both
the contral rogiom of the Estuary and at its mouth. In the upper rcaches
ho obtainod an averageof 10.13 ug=-at /1 and suggeosted that river discharge
nust make a significant combribution to the mitratc concontratiom of the
Estuary.

Loigh (1973) found that the concontration of nitrato-mitrogen rango
from 0.1 = 66.6 ug-at N/1l. Excopt on a fow occasions the concentration
increascd upstrean and was morc promounced durimg the rainy sogsom. The
concentration at the mouth of the Bstuary was goncrally low from wmid-January
to nid-Scptomber (below 5.5 ug-at /1) and the lowest coancentrations wore
obscrved im the central rogion im late Fehruary (0,3 -~ Oof ug-at N/1 from
surfacc to botton). In goneral the concentration was highor during the
rainy scasom then during the dry scasomg it decroascd with dopth czoopt

during the dry scasomy the groatost difference in concentratlon botweon the
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surface and bottom waters was observed at low tide during January and that
the concentration was usually higher at low tidé than at high tide. His Tin-
ding® support Watts' view that increased rive;:' dlscharge durdng the rainy
season contributed largely to its level of concentration in the Estuary water

SUMMARY

-The Sierrs Leone River Bstuary is a relatively young drowned river
valley, probably formed in Plgistocens times when there was a general rise in
sea 1evel;‘ Most of the Estuary is'shallqw except for a deep channel which
passes close to the Freetown shoreline. The upper reaches merge into a net-
work of creeks and channels fringed by large areas of mangrove swémps, It is
a tidal estuary of the semi-mixed type with the saline nceanic water entering

it on a diurpal cycle,

The climate of Sierra Leone is merked by a very distinct change between
a very wet ré.iny geason and a dry seasofi;. The ré,i-_af'all pattern comprises the
conventional thunderstorm rains of the early and late wet season, mainly
related to disturbance lines moving from east to west across the country,
and the steady monsoonal rains of the main wet season, roughly from mid June
to late September, moving into the country from the south-west off the
FEquatorial Atlantic, The tidal range of -the Estuary (spring 3.03m; neap 2.28p)
does not impede normal use of the harbour. The tidal veriations can be felt
as flar as 42 miles inland along the water courses of the Sierra Leone River
and its tributaries, The volume of Fresh water emtering the Bstuary is
large during the rainy season and greatly reduced during the dry season,
Consequently there is a marked fall in salinity. during the rainy season and

higher salinities due to the marine influence prevail during the dry season,

Thé nature of the shores and bottom, the hydrography and chemistry
of the estuarine system have been outlined in relation %o the prevailing
olimatic conditions. |
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