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ARSTRACT

Seasonal chunges in the phytoplankton at four
depths at station A1, off Tema, Ghana were invegti=-
gated between September 1973 ang November 1974, The
physico-chemical factors show that there are two marine
seasons, the season of pajor upwelling (July-October)
characterised by low water temperatures ( 2550); high
salinity ( 350/00) and high nutrient levels, and a non-
upwelling period (Hovember—June) when water temperatures
are higher and salinity and nutrients are lower. The
latter marine season is broken by a smallupredictable
upwelling (December-January). Phytoplankton cell
counts and chlorophyll g concentrations are high during
the major upwelling period and 1ow during the non up-
welling period, Dinoflagellates form the main compo-
nents of the phytoplankton population during the non-
upwelling period and the diatoms form the dominant com-
ponents at other times, Frimary productivity rates are
high (>1,000 mg C/m2/3ay) during the upwelling period '
and low (4700mg C/m2/day) outside the upwelling period."
There is a close relaticnship between the physico=-che-
mical factors and the phytoplankton population, Grazing

may also account for soie of the sudden drops in cell
numbers, Productivity, cell counts and chlorophyll a
concentration are usually highest at 5m and below except
when the ciliate Mesodinium rubrum was present. This
positively photo-tactic ciliate containing algae as in-

complete endosymbicnts was in greatest cell numbers at the
surface when sampled,



- INTRHOUIICTTON

Seasonal changes in . - -CMpOsS1tlon and abundance
0f phytcplankton in the temperite - parts of the North
Atlantic are well documented (see Riley 1911, 1946, Patten
et al. 1963, Steemann Nielsen 1964, Robinson 1970, Williams
and Robinson 1973, amc-z Others)., However until recently
little was known of the physoplankton found 2long the
West African Coast, ITuch of our knowledge c¢f the West
african phytoplankton :s Frovided by the recent series of
investigations by Reyssuc (15664, 1966b, 1966¢c, 1967, 1969,
1970, 1973v, 1974, 1975), Reyssac and Trive (1965), Rey-
ssac & Roux (1972) and Daendonneau. (1970, 1971, 1972a,
1972b) Many of these West african publications are of
short term studies but some Cf thnse undertaken in the
Gulf of Guinea prcvide detailed information on phyto-

plankton cycles over one or more seasons,

4 number of public-tions have appeared in the
past two decades which include records of marine phy-
pPlankton off the North-West sfrican coast. For
instance changes in the local phytoplankton off the

coast of Mauritania have been replrted by a number

»

of workers such as Her“land et al. (1973), Lloyd (1971),
Ilarche - Marchaqd (1956) and Reyssae (1973b, 1974, 1975).
Bessonov & Fedcscv (1965) ana Nellen (1969) have carried

out primary productivity studies off the coast c¢f Senegal

where the cclder waters (¢ 210c) of the Canary current
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meets the warmer Guinea watcr. They reported large

production rates varying from 490 to 5,200 mg C/ m2/

day depending on the season. Bainbridge (1960) worked
on the scasonal changes in the phytoplankton in the
brackiSh waters of the estuary of the Sierra Leone
River. Apart from these there is a brief mention

of phytoplankton organisms found further scuth along
the coast such as in Liberia, Guinea, and Nigeria
(Nellen 1969) and in Angola (Reyssac 1972, 1973a).

The most comprehensive of the West African phyto-
plankton studies have been those of Reyssac (1966a,
1966b, 1967, 1969, 1979) and Dandonneau (1970, 1971,
1972a, 1972b) off the Ivory Coast in the Gulf of
Guinea. They have shown that there are three main
phases in phytoplankton development, low numbers
7" phytoplankton organism from February to June, high
nunber from July to the beginning of November angd
finally another small increase between January and
February, The highest values for phytoplankton,
productivity (985 - 1,166 mg C /mz/ﬂay) were recorded
between July and October whilst low productivity values
(139 - 386 mgz C /m2/day) were found for the rest of the
year. Jimilarly there were seasonal changes in the
Composition of the phytoplankton with diatoms forming
the dominant components during the local upwelling (July
to November) when water temperatures were low whilst

dinoflagellates were the dominant compcr.catse at c*her
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times when the temperatures were high (7 25 °C).
Many species form the components of these two
groups and Reyssac (1970) lists 100 specics of
diatoms and 158 species of dinoflagellates.

Unlike the Ivory Coast the phytoplankton
off the Ghanaian coast have not been studied conti-
nuously. Most of the few studies were performed by
workers who measured primary productivity in other
parts of the Gulf of Guinea., Bessonov and Fedosov
(1965) studied daily primary productivity rates at
five different stations in Ghanaian waters in May
and October 1963 and reported values for carbon fix-
ation varying between 300 mg and 2,600 mg C /mZ/day
depending on the season. They obtained their
highest values in Oectober, during the time of ‘he
principal local upwelling and reccrded their lowest
values in May when conditicns were less favourable.
Mahnken (1969) carried out similar primary produc-
tivity studies at Cape Three Points, Ghana, from
January to March 1963 and from July to August
1963. He obtained higfher values of more than 1,000
mg C /m2/ day over the latter period which again
corresponded with the time of the local i1pwelling.
Nellen (1969) also measured primary productivity ratos
in various parts of the Gulf of Guinea including two
areas off the Ghanaian coast (Tema and Cape Thrc-
Enints) be tween February and May 1964 and repor.cd an

éaerage productivity value of 677 mg C /m2/day for

oy

- neaiE S — -
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the Ghanajian staticns, Zeitschel (1969) Mmecsured the

microbiomags (phytﬂpl:nktun, Zooplankton and bacteria )
8% Cape Three I'cints, 4he rea arocund Takoradi and
Tema, Ghana, between September 1963 ang June 1964,

He used the results ag indicators of the productivity
of the area ang Obtained v.lues °f more than 2,00

mg /m3 dry weight ofs Cape IThree TFoints and Toma.

He attributeq the high Values of the microbiomass to
intensive phytoplanktcn production ang development

of Zoopl.unkton,

Bcsides Primary bProductivity studies Some work
has been done on the chlorophyll Cycle in Ghanaian
waters., Ncllen (1969) ang Zeitzschel (1969) undertook
Some chlorophyll 2 analysis during their various
¢ruises and reported high valucs (1=5 ngfm3) for the
Cape Three Ioints area ang lower valucs of Q.5 = 1
mg/m3 for the Tems area. There are no studies on the
quantity and COmposition of the phytoplanKton ofe the
Ghanaian coasgt éxcept Hendey (1958) who identifieq »
diatoms collected from Takcradi harbour,

Phytoplankton forms the bage cf the fcod chain in
the open S€as, therefore, their production can be relate?
to fish producticn, Thisg can be traced through a
seccndary level of Productivity such as zooplonkton
which in turn provide fcod for fish larvae and gsome
Juvenile fish, Adult fish such 48 Sardinella feed

directly on zooplanktopn (Kwei 1964) ang Anchoveta
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also feed on both phytoplankton and zooplankton

(Bayliff 1963). A4llen (1909) Iselin (1939) and- Cooper
(1948)., have shown a correlation between fish abundance
and those physical and chemic i1 factors that affcet
primary production. Therefore the ultimate produc-
tivity of an area is directly related to the rate of
primary production,

From the above account it ls secen that knowledge
0f the phytoplankton cycle in Ghana is far from being
complete. To understand the productivity of the
Ghunuian waters, a whole year round survey of the
phytoplankton, cycle and the factors affecting it is
necessary. The present study was therefore under—
taken with the following objectives:

a.,. To determine the seasonal changes
in the composition as well as the
productivity of the phytoplankton
population,

b. To attempt to relate the seasonal
changes in the phytoplankton
population to wvarious physico-
chemical factors such as phosphate,
nitrate, silicate, oxygen, temperature

and salinity.

S ——
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1T MATERI.IS ,ND M"THODS

The sampling site, station 44, is about 8 km South-
West of Tema (05° 3gry O®°00') where the seca £1oor
is at a depth cf Approximately 30m (RPig.1).

The station wag Visited once a wcek between
September 1973 angd November 1974 altiough due to
frequent breakdown of the rescarch vessel at the begin-
ning of the study period certain sampling daotes were
missed, Samplin, norm-lly tcok place at 0900 hrs.
and in all 44 samples were taken during the study period.
On each Visit, water samples were taken-from the follow-
ing depthss surface,5m, 10m, ¢ng 2.@. Using a S5=litre
hydrobios Ruttner plastic water sampler, fitted with a
main and an Auxillary reversing theraomerter, (Samrling
9% 5m was only comnenced ip March 1974). Temperatures
were read directly and recorded in degreecs Celcius after
making the necessary correction according to Sverdrp
(1947) for protected thermometers, Subsamples were
withdrawn for nitrate, phesphate, silicate, salini-*-

“nd oxygen analyses. Another subsamplc was take: v,
Freserved in Lugol's solution (Lovegrove 1860) f..
dhytoplankton identification ang cocunt. The pcmaince.
)1 “he sample was €nptied into labelled Plasiic bottle
Kept in the dark ana brought to the laboratcory for

chlcrophyll 8 analysis., WYhenever 8nalysis was dela- o¢
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the samples were refrigerated and 21lowed to attain

room temperatu:e befcre being analysed.

A Physico-Chemical analyses
(i) Dissolved Oxygen

The samples for the determinction of diss-
olved oxygen were collected in 130 ml B.0.D, bottles
taging care not to include air. These were imme-
diately fixed with manganous sulphate and alka-
line iodine solutions. Later on dissolved oxXygen
analysis was carried out in the laboratory accor-
ding to the Winkler mcthod described by Strick-
land and Parsons (1968), analysis was done in
duplicute,

(ii) Salinity

Salinity samples taken with salinity bottles
were analysed in the laboratory using the Knudsen-
Mohr silver nitrate-chromate titration method
as modified by Strickland and Parsons (1965).

(111) Phosphate

Phosphorus compcunds exist in various forms
in natural waters. The most important ones are the
orthophosphates and pclyphosphates. However, in
the sea there is no evidence of the presence of
polyphosphate though it has been found in some
seaweeds (Armstrong 1965). Orthophosphates form
the main - soluble forms of phosphorus in the sea.

(Armstrcng 1965, Tait 1968). It is believed that
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it is in this form that phosphates are taken by micru-
organisms. In this analysis the total phCsphate coi-
tent wae determined using the Stannous Chloride method

describhed in "Standard Methods (1965)".

hydrolysed into solutle orthophosphate. The basic
principle of this method is that the phosphage ion
combines with ammonium molyblzte under acid conditionc.
This forms a complex compound Irncwn @8 amrenium phos—
phomolybdate. The molybdenun cortained in the Gomo-
niym phosphomolybdate is readily reduced by the

Stannous chloride t¢ produce a blue coloured scluiicn,
Its intensity is proportional to the amount of phos—
phate present:

(NHg)3 POg + 12 Mo®3 + Sn ** (Molybdenum blue)+

sh ** The extinction of the sample against distilled
water was read at 690 BM on a Pye Unicam Sp. 500 spe-
ctrophotometer using a 10-cm cell. The concentration

of total phosphate was read from a standard curv2. .

(iv)Nitrate
Inorganic nitrogen occurs &S ammonia, nitrate ard

nitrite in sea water (Vacecaro 1965). Nearly all the

combined inorganic nitrogen is in the form of ni*tratec |
(Harvey 1960). In this analysis reactive nitrute ”
present in the sea water was determined according

to the method described by Strickland and Parsons (16€3). {
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In this acthegd the nitrate Wis reduced to nitrijte by

running a mixture 0f the sea waiop Sanple and concen-

loosely coateg with metallije COpper. The Nitrate
formed was treated with Sulphanilamicde solution ang
N-(1-Naphthy1) ethylenediamine Cihydrochloride, The
eXtinction of the Sample aguainst distilled water was
reac 2t the wavelength of 543 ™ on a Pye Unican Sp.
500 spectrophotometer using 1=em cell, 4 factor F for
calculation wasg determined using potassium nitrate
sclution instead of Seéd water. The procedure was the
Same as the one outlineg above,
(v) Silicate

Silicon in sea water is found in sclution as
sllicate ions, also ln suspension as Sllicon dioxide
and as clay minerals (Armstrong 1965). 1In this analysis
the reactive silicate present in the sea water sample
was determined according to the method described by
Strickland and Parsons (1968). 10 ml1 of ammonium
pParamolybdate soclution Was poured into a 100 ml measu-
ring cylin'er, fi:sted with a glags stopper. Into this
Was then pipetted 25 mi of the sample which had been
stored in a polyethylene botdle, The mixture wasg
allowed to stand for 10 minutes fcr the levelopment
of a Silicomolybdate complex. After this time 15 m]

of a reducing agent was added making the volume up to
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20 ml. The extinction of the sclution against dis-
tilled water was read at a wavelength of 810 ma on
Fye Unicam Sp. 500 spectrophotometer using & 1-cm
cell.

A reagent blank for the correction of the
readings observed was determined, during the analysis
of each batch of samples, using 25 ml of distilled
water stored in a polycthylene bottle.

A factor F for the calculation of silicate was
determined by means of the method cutlined above using
25 ml of dried sodium silico-flouride sclution which
has been furthcr diluted with synthetic seca water
(sodium chloride and magnesium heptahydrate sclution).

B. Phytoplankton studies
(iv) Cell count and ilentification

A modified form of the sedimentation method des-
cribed by Lovegrove (1960) was employed. Sea water
samples of 50 ml from the vcrious depths were pre-
served with Lugol's sclution and kept in labelled
bottles. In the laborutory the samples were allowed
to s%and in the dark for a day to allow for good
prescrvation. The samples were well shaken to
distribute the cells evenly. 1-ml subsample was
pipetted out into a 1-ml counting chamber. The shamber

was covered with a glass ccver. The subsample was allo-
wed to stand for one hcur to allow the organisms 10

gsettle. The organisms were identified to the genus
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level using varicus keys such as those found 1n Lebour
(1925, 1930), Griffith (1961) and Tregouboff and Rose
(1957), and counted along transects under an inverted
binocular microscope. The number of phytoplanxton
organisms counted gave the population per ml and by
conversion the populction per litre was obtained.

(vii) Chlorophyll deteriination

Chlorophyll a ccncentration wes Cetermined accor-

ding to the method described by Strickland and Parsons
(1968). Two litres of sea wa%t-r sample from each depth

was filtered through a net of 300)uﬂ mesh size to

remove the larger zooplanikton., The water was then
filtered through a 40 mm millipore Aa filter paper
unfer pressure of 31,1 cm of mercury. 1 ml of magne-
sium carbonite suspensicn was added to the last few
millitres c¢f the sample being filtered so as t0
neutralise any a2cid that may be present Or form later.
The filter paper was then ground in 10 ml of 907 ace=
tone and the ground sample was poured into +# latelled .
and graduated centrifuge tube which was then stoppered.
Each sample was treated in the same way and the
tubes were covered with aluminium foil to cut out
light. The covered tubes and their contents were
kept in a refrigerator for z. hours to allow for
complete extraction., sfter 20 hours the samples were

removed from -he refrigerator and placed on a table

r]
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t0 allow thea to attain rcom temperature. Each sample

was then centrifuged 2t 3,000 r.p.ms for 10 minutes.
Absorbencies ¢f the 90% acetone extract was read agzinst

90% acetone at wavelengths cf 750 mQ, 665 miy 645 r:

and 530.?q on a Pye Unicam Sp. 500 spectrophotometer
using a 10-cm cecll, The samples were 2ll run in dup-
licate,
The chlorophyll a concentration was calculate

from the fcllcowing formula deduced by Strickland and
Pursons:

Total mg chlcrephyll a - = 11.6 x E665 = 1,31 x E645 -

D.,14 % 75630

mg Chlorophyll a/m2= Total mg Chlorophyll a

Ermae an

v

Where V igs the volume of sea water filtered.,

(viii) Frimary production

The Carbon - 14 nethod wus used to carry out in situ
primary productivity studies. C(nce a month frova July to
November 1974 water samples were collected from the Xt
surface, 5 m,10 m and 20 m depths in the manner des-
cribed previously. The sample from each depth was imme-
diately placed in a labelled pclyethylene cocntainer
and kept in the dark. Each sample was then filtered

through 2 zooplankton net with @8 nmesh size cf 3001ym

to remove large zooplankters. Two labelled 280 ml

B.0.D. bottles, one light and une dark, were used for
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each sample and £illed with the respective sample,

10 microcurics c¢r labcllcd sodium bicarbonate solu-
tion was introduced into cach bcttle by means of a
syringe ffitted with a long needle. The bottles were
stoppered tightly, shaken to distribute the labelled
bicarbonate and suspended at the depth from which thelir
contents were collected. After 4 hours of incubation
the samples were remcved from the water and a few drops
of fcrmalin were added to0 the contents of each bottle to
stop any further biological activity. The sanples were
taken to the laboratory. After shaking, 10 ml of each
sample was filtered through a 15 mn Hs millipore filter
paper. The filter paper was allowed to drain dry and
then washed with sea water which had been filtered
through millipore filter paper 10 remove all particles.
The filter paper as allowed to drain dry again and put
into a labelled liquid scintillation vial 10 ml of
liguid scintillation fluid (NE 233) was added to each
vial. The activity was counted in a Packard Liguid
Seintillaticn Counter (314 x E Triccmb), Total count
for ﬁhe er."* ~c seample was calculated and used in the
finz1 calcul.tion. On euch occasion the total alkali-
nity, pH, and *temperature of the water sumple were cdeter-

mined.
Photosynthesis in 1g C /m3 hr, was calculated

'using she following formula:
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15
= (Rs—~Eb) 2 C x f
Rx %

Where T = rhetisynthesis = mg C/h3/hr.

ns =

RDb

ft

mg C

used

uptake of radioactive carbon in count/min as

recorcded from sample.

Incubation time (hrs.)

Totcl available carbon in count/min:

Microcuries used x efficiency of counter.

Total available stable inorgunic carbon in

ng/m3 i.e. 12,000 x total alkalinity x £t

= 1.10 at pH 7, 1.0 at pH 7.7

= isotope currection factor for the discri-
mination between ¢12 ana c14 usually 1.06.

/h3/aay was calculated and the results were

to calculate the total mg C ﬂmz/aay by means

of the fullowing formula used at the Danish Institute

of Fisheries and Marine Research and employed also

by Reyssac (1970).
mg C /mé/day = P1 P2 (p2° - p1 ) + Pp F3(p3 = p2)

2
__%;__1_’_4__ (P4 = P3) + gecccee

Where P1, P2, P3, P}, are the primary production in

mg C /m3/day at Cepth p1, p2, p3, p4.

III.

RESULTS »ND DISCUSSION

C. FPhysico—chemic:zl factors

ix. Temperature and salinity

There were cften aurked changes in water

T

i

B S Y N e e

S
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temperature at station A4 between ccnseccutive
sampling times (Fig.2) with changes usually taking
rlace along the whole ¢f the water cclumn. Drop in
temperature betwecn the surface and the 20 m depth
varies between 0,1°C and so much as 3.5°C, 1This
drop in temperature is usually a gradual one and
only rarely is there a marked temperature discon-
tinuity. For instance, there was a drop of about
3°C between the 10 m and 20 m depths in early Dece=-
mber 1973 whilst a drcp of 2.6°C was measured bet-
ween the 5 m and 10 m lepths on the 18th of July
1974. Wwater temperature s.aowed a very definite

seagonal fluctuation with values above 25DC being

nermally recorded from the enc of Octcber tc the end
of June whilst during July - October (the rainy
seascn) temperatures below 24°C were roccrded ot

all cdepths. Much lower temperatures (<20°¢) were

sometimes recorded fer the 10 m and 20 m depths

Over ‘the latter period. Beside the rapid fell in "
water temperature measured at all depths in July,
there wus also a small drop between December and
January,

Salinity fluctuations were small and when they
occurred they were uniform along the water column

with little difference being found between the depths

—_ i . el i PP ey e
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at whick “iCdsurements were taken (Fig.3). The
salinity was below 35%0 from the middle cf May

10 the end of June when the water temperature wag
generally above 279; Between July and the end of
October salinity values were above 35%0 and decreg-—
sed once again as temperature increased, It is
interesting to note that when temperatures as low
as 24.400, and 23.600 were recorded at 20 m on the
4th and the 11th of December respectively, high
salinity valucs (35.8%0) were recorded as compared

to the shallower depths where the temperatures. were

higher,
(xi) Dissclved 0Xygen

The cdissolved oxygen values fluctuated between
about 3.4 and 8.9 mg O2/1)over the study period
(Fige4). The oxygen values decreased from the 14th
°f June to the 18th of July 1974 at all depths and
then increased again by the 6th of sugust with
the highest values (> 8 mg Oo/l)measured over the
study period fcr the 0, 5 m, and 10 m, depths
being recorded ‘on the 20th of dugust. This peak
was followed by a sharp fall %o the lowest seagonal
values (( 5 mg 02/1) being recorded for the 10 m
and 20 m depth on the 27th of August., 4fter the
27Tth of August the values rose again at all depths
On.the 3rd of September, and fell once again by the
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(
)

1st of October. By the 8th of Octcber the OXycen
values were above 6 mg 02/1 at all depths and rem-
ained sO untxl the end of the study period, The
hignest oxysen value (8,4 mg 05/1) observed for

vhe 20 m depth was reccrded on the 14th of June
instead of the 20th of isugust. Moreover oXygen
values fer this depth between July and October were
senerally much lower (< 6ng 05/1) than those mca-
sured at the shallower depths. In Deceuber 1973 the

Oxyien values dreppel below 6 mg 0,/1 at 10 m anc

20 m and thkis corresponled to a similar arep in beth
temperature an? salinity (see Figs. 2.3).

(xi) Total phcsphate

There were clear fluctuations in the total
phosphate values measured at Jdifferent times throu-
ghout the study period. These fluctuations were
net always uniform for all the depths studied on
the same sampling occusion (Figs. 5, & 6). The
average phnsphuate concentration rose from September
1973 to a peak between December 2nd January at all
depths (Fig.5). This was folluwed by a sharp
decreases to Mareh 1974 at the 10 r an. 20 m depths.
Thcre was a second but smallcr peak in april and
May for the 20 m depth befuic low values were reached

*n June. There was a very sharp rise in the value for

i *‘..*:
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total phosphete in July und a peck was reached in
sugust for both the 10 21 an? 20 m depths. The
fall after sugust continued until the end of the
study periol for the 20 m depth but fcr the 10 m
depth there was another peak in October. &t the
surface the fall from February was gralual until
June then there was a rise in July until a peak
was reached in August.

During the rainy seascn there was cften lirge
weekly changes in phuspha.e concentration with peaks

between 0.06 @nd 0.09 mg P/l being fcunl between the
surface doewn to the 10 m depth, on the Jth of July
(Fig.6). This peak was followed by a decrease to
below 0,03 mg p/1 by the 18th cof July whilst at the
peak 20 m the peak f(r July (0.09 mg P/1) was now
reached. snother pesx in phosphate concentrat:on
was found on the 6th and 13th of August at all “entas
except 5 m. another peak in phcsphate concentraticn
(> 01 mg P /1) was fcund on the 27th cf august at ,
all depths and this was higher than the previous
ones. & rapid drop in phosphate now occurred and
levels below 0,06 mg P/ lwere measured on the 10th
of September for all depths except the 5 m depth
where the highest concentration of phcsphate mcasured
over the study pericd (0.155 mg P/1) was recorded.

another peak in phusphate concentration was measured

Bl L i, R . e
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on the 1st of October although this was only very
pronounced at the surfuce and 10 m where velues of
0.145 and 0.135 mg P/1 respectively were reccrded.
After the 1st of October to the end cf the study
period values remained below 0.05 mg P/1 at all
depths.
(xii) DNitrate
The average nitrate concentration Cecreased from

September 1973 to October 1973 at the surface and
10 m deprths and then increased agaln tc a peak of over
33?8 - at N/1 by December (Fig.T). At the 20 m depth
there was a decrease from September until January
when the peak was reached. Nitrate concentration
fell below 1.5}}& -~ at N/1 in February at the 10 m
and 20 m 72 ths and remained above E/yg - at N/1 but
bel ow 2.5.?5 - at N/1 at the surface. There was a
rapid increase to a peak of about 5‘yg - at N1

at the 20 m in March and spril whilst smaller peaks
of 2.6 and 2.2}yg— at N/1 were observed for the 5 m*
and 10 m respectively. The peak for the surface was
obscrved in spril and the one for the 10 m was
observed in May. The lowest seasonal average

value (0-5’?8 - at N/1) wus cbserved at all depths
in June 1974. There was an increase tc a peak

in July and August and then, a drop 1in

T e e Tl F
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September 1974 followea by a smal) increase in QOot-
Ober ang finslly 1 fall a, .an in November., The
Changes thut Cccurred after June were more prono-
unced at the 10 p and particularly at the 20 m derth,

During the ralny scason there Were weekly
uniform fluctuations in nitrate concentrutions at

all depths (Fig.8). There wag 13 rapid increase in
nitrate Clncentration in July until a2 peak (t>3.0,ug
= at N/1) wasg Teached on the18th of July at tke 10 n
and 20 n Cepths. This was followed by a drop to
bel ow .0 pg - at N/1 on the 6th of sugust followed
by another Peak on the 13th of August, These fluc-
tuations were not deteeted ot the surface gng 5 m
depths. Nevertheless, high concentrations cf

nitrate were recorded on the 27th °f sugust at a1}l the

depths sampled, with the Ccincentration at 20 being

rapid decline in nitrate values was found cn the 3rd
¢f September st all lepths ang another peak was meg-
sured on the 17th of September at a1}l but the 20 m
Cepth. The values were 1ow again on ‘he 24th of
September at all but the 20 p depth but there was

8 sharp increase again so that by the 1st of October
a final peak was fcung at all depths, By the 8th of
October the v@lue had fallen a8gain and from the 15th
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of October to the end of the study period the

Values remained below 10 mg - at N/1. The
peaks in nitrate Concentration at any cne sampling

time were Usually Progressively higher With increase
in depth,

(xii) Silicote

OVer the study period showing a similar pattern

and order of magnitude at

(Fig.9).

all the sampled depths
The annuyal Peak in silicate cuncentra~

tion was messured in Janu.ry ancd February 1974 when

average vulucs were abcve 110 ug - at si/1. Much

found in Mareh and aApril at all depths, after this

the values remaineg between 25 anq 50 ng - at si/1

until Octcber 1974 and then fell below 20 ug - at

Si/1 in November at all epths.

L rge fluctuations in silicate concentration .

were found over the rainy scason of the year (Fig.10).

There were a humber of peaiks cver this period with the

tWo most preonounced tnes occurring on the 18th of
July.( 60 ug - =t Si/1) and on the 3rd of Septem=-
ber (45 pg - at Si/l)at a1l depths but the peak
in September wasg less pronounced at the surface,

There were smaller and less proncunced peaks
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after the 3rd of September to the end of the study period

When the concentration remaineg below 45 ug-at si/1,

(xiv) Discussion

Tropical regions are generally poor in nutrients

except on the western side of continental land masses |
where therr are regions of Uupwelling of cclder and
nutrient-rich water, (Russel-Hunter 1970, Gunther 1936),
This nutrient-rich water caused an increase in biclo-
gical productivity in the area, The surface water of the
Gule: of Guinea, which the coast O0f Ghana borders, is
generally warm and of low salinity ( > 25°C, «s 35%0),
Nevertheless, in the rainy season (July-October) when the
ambient air temperature is low, rainfall and cloud cover
at a maximum and solar radiation at g minimum, then
minimum annual water temperatures are recorded. The
sudden drop in water temperature found in the present
study off Tema at stution A1(see Sig.2) corresponds |
t0 the beginning of this period. Tiis is also the time |
0f the year when a major upwelling normally occurs
along the coust of Gh na, (Ingham 1970, Longhurst 1964),
Weaker and more limited upwellings .are known to occur
between December and February and might account for the

drop in water temperature measured in December. A number of
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thecvies have been Put forward to account fer the
upwelling along the Gulf of Guinea const (Ingham
1970, Heught'n 1973, Iople and Mcnsah 1971), but
none g.ves o ctapletely satisfactory explaaation
¢f the rhenomena.

The water temperature measurements usually
shcw 4 small decrease in teaperature with depth
and the absence nf o distinct thermocline. This
MAy eXplain at least in part, why the v.lues for
the physico-chenical factors often vary but little
along che depth of the water cclumn measured.
However at times there are large differences espe-
¢1lally in phosphate and nitrite (Figs. 6 & 8),
in samples taken on the sume 0ccasion at diffe-
rent depths. Such differences might reflect dis-
tribution of phytoplanktcn crganisms (see general
discussion)., For instance, it is often found that
the concentration of phosphate is greater at
the 20 m depth than in shallower waters,

There are seasonal changes in the cctncentra-
tion of phosphate, nitrate and silicate at all
depths sampled (see Figs. 5, 7& 9). There are

often marked weekly fluctuaticns particularly over

the time of the yeor when the ses temperature is below

25°C and salinity is 35%0 or above. The nutrient
concentrutions were high between December 1973 and

January 1974 which was when there appeared to be
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a small upwelling, The highest nutrient concen-
trations were often measureﬁ for short perionds from July
through to Uctober which is during the major upwelling
season. In-flow of nutrient-rich water from the nearby
lagoons suca as Sakumo Lagoon (see Fig.1) into the sea
during the rainy season might contribute to this increase.
Nevertheless, the increase in salinity over this period
of the ye.r suggests that inflow of brackish lagcon wa-
ter may not cordribute appreciably to the high nutrient
e¢oncentration. During the minor upwelling in Dece-
mber, @s indicated by a drop in water temperature
and increase in salinity particularly at 20 m, there
was a sudden increase in nutrient concentration. This
confirms the contention of Ingham (1970) who lists
the appearance of more saline, colder and high
phosphate ccncentration water, as indicative of upwe-~
lled water. Recently Reyssac (1970) has similarly
found such seasonal changes in the physico-chemical *

environment off-shore in the neighbouring Ivory Ccast.

i5 Phytcplankton

(xv) Composition & cell count

ilonthly average cell count of more than 20 x 103
cells/lwas reccrded in September and October 18973 at

the surface and 10 m depth (Fig.11) followed by another
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peak at the surface, 10 2 2nd 20 m in December

1973. another high cell count ( > 100 x 103

cells/l) wag recorded between hugust and September
1974 at all depths. For the rest of the study
period cell counts remained low (< 20 x 103 cell/1)

except in lMarch when cell count at the 5 m depth

was above 60 x 103 cells/1 and July when cell ccunt
at the surface and 5 m was above 40 x 103 cells/l.
Marked weekly fluctuaticns in phytcplankton
cell numbers occurred between July and November
1974. (F1g.12). There w2s a rapid increase in
the population after the 4th of July 1974 at the
surface and 5 m. TRis resulted in a peuk in cell
numbers ( > 100 x 103 cells/l) on the 18th of July
1974 at 5 m and a peak ( > 150 x 103 cell/l) on the
6th of sugust 1974 at the surface. 4 rapid drop
in cell numbers occurred between the 6th of ALugust
and the 13th of august with cell counts being below
20 x 103 cells/l at all of the depths sampled.
after this drop a phytoplankton bluvom now ocec=-
urred at all depths on the 20th of ALugust when
cell numbers rose to above 1,800 x 103 cells/l
at 5 m and 10 m only to be followed by an equally
rapid decline to low cell numbers on the 27th of
sugust. 4fter this major peck in cell numbers at

all depths, except the surface, there was ancther
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peak in cell numbers on the 3rd of September 1974,
The Oraonsms at the surface (1,166 x 107 cells/
1) caused = reddish colouraticn of the ses and most
of this cell count was the ciliate Messdinium-
rubrum which, although not an alga, is neverthe-
less a functional autotroph as it contains algae

@s endosymbionts, If the count of this ciliate

is ignored then the number of algal cells (23 x

103 cells/1) are similar to those found at 5 m,
(19 x 103 cells/l). There wos a decline in cell
counts by the 10th and 17th of September at all
depths. The final peak (about 100 x 103 cells/1)
of the study period for the surface and 20 m was
Observed on the 21th of September. 4 peak in cell
numbers 4lso occurred at 5 m on the 24th of Sept-
enber but at this depth and 10 m a final peuk was
Observed on the 15th of (ctober, Cell counts
remained below 10 x 103 cells/l from the end of
Uctober to the teraination of the study. '
spart from quontitative changcs there were also
f&gqfitat;ve changes in the phytoplankton popula-
tion waroughous the yeur (Fig.13). The dinoflge-
llates formed between 507 and 90% of total cell
counts between November 1973 and May 1974 when

water temperature was above 25°%, 1In December

however diatoms predominated forming as much as
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90% of the totil nu.ter of phvitoplanitos o01gsni-
sms at 10 .1. In Noveuabesr 1971 more uthan 805 O_
the phytoplankton population was made up of dino-
flagellates at all depths. The dinoflzgellates

coensisted of such genera as Epridinium,Ceratium

Prorocentrum and Dinophysis with the domi-

nant genera over the November to May period

ncrmally being Ceratium and FPeridinium (see

appendix I), Nevertheless, the diatcms were domi-
nant interms ¢f cell numbers between June and
October when more than 50% c¢f .the total-number of
cells were diatcias. In August as much as 904

of the population at all depths were diatoms.

The diatom flors over the period cf low witer
teaperature (< 25 DG) included such genera as

Skeletonema, Nitzschia and Tkalasgsiosira. Ti.e- b

se genera were codominant for much cf the time.
In Septe.aber 1971 the dominant component cof the
cell population at the su.face was the ciliate

Mesodinium rubrum. Tkhis wis found in very large

nunbers on this cne samplin_ occasion when 1t was !
largely confined to the top of the walter cclumn.

(xvi) Chlorophyll concentration

The average chlorophyll a concentration at the

surface increcsed frcm 0.13 to 0.20 mg Chl a/m3
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bctween September 1973 and Jravary 1974 (Fig. 14),
There was a decrease 1. = February until the
lowest value of 0,20 mg Chl a/m3 was measured
in llarch. Tnis was followed by @n increase in
spril which wts maintained until September 1974,
when the highcst value of 1.41 mg Chl g/m3 was
obtained. There was a sharp fall after this
peak and the values remained below O, mg Chl
a/m3 in October and November 1974, The pattern
for the 5 m depth was similar to that of the
surface but the highest peak (0.43 mg Chl a/m3)
Was now in Au.ust instead of September. In
contrast, at the 10 m depth there were fluctuations

in Chlcrophyll g values (0.06-0.2 Chl a/m3 petween

September 1973 and July 1974. The highest peak

(0.6 mg Chl g/h3) wes obtained in august 1974. LAfter
this peak the v.lue ceclined in September and by
October and November the values were below 0,1 mg

Chl a/m3, Values for the 20 m depth followed similar
rises anc falls as measured at the surface but the rise
in April wus followed by a fall and the highest value
(0.32 mg Chl g/m3) was obtained in August instead

cf September 1974.

There were marked weekly fluctuations
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between July cnd Nove.iber 1974, (Fig.i5}. The
chlorophyll a concentration at the surface showed

small fluctustions from the 18th of July until the

3rd of September when a sudden increaxgse occurred and

the highest value of the study period (4.9 mg Chl
g/m3) was obtained. This peak was fcllowed by

a fall and then another small increase on the 2%}th
of September. =x~fter this low levels of chloro-
phyll a ( 0.2 mg Chl g/m3) were medasured until
the end ¢f the study period. The pattern for
chlcrophyll a concentration for the 5 m depth

was the sume as that of the surface but the

highest peck (1.29 ag Chl E/h3) was now Cb=

served on the 20th of August whilst smaller oneg'’
were found on she 3rd and 24th of September. g:f
There was a reuk of 1.72 mg Chl g/m3 and 0.8 ng
Chl 5/m3 st the 10 m and 20 m depths respectively
on the 20th ¢f sugust. 4sfter this peak another
small peak occurred on the 24th of Septemnber

at the 10 m depth. After the 24th of September

chlorophyll a values remained below 0.2 mg Chl
g/h3 at the 10 m depth and below 0.1 mg Chl g/m3
at the 20 m depth. The most pronounced decline
in chlcrophyll g concentration occurred on the

27tn of «~ugust gt all uepius except the surfscce

et ST -
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where the greatest drop occurred on the 10th of
September, The highest chlorophyll g concentration

Was measured at the 10 nm depth in August if the
chlorophyll a results obtained during the pre-

sence of the high cencentration of %he ciliate

Mesodinium rubrum sare 1gnored, This was followed

by the 5 m, 20 m and then the surface.

(xvii) Primary Productivity

The highest primary productivity rates were
measured in sugust 1974 at 10 m (  15.3 mg C /m3/br)
and 20 m ( 17.3 ¢ /m3/hr) as shown in Table 1.

The lowest value (0.9 mg c/m3/hr) for the 10 m |
depth was cbtained in September and that for the i
20 m depth was obtained in October (0.5 mg C/m3/hr). ﬁ

. mgrm————

The highest values for the surface :nd the 5 m depth

Lt

were both obtained in August but they were much
lower (4=5 ng C /ﬁ3/hr). The averuge primary

productivity rate . over the upwelling period (July e

T N e — e

R e —
T

- Octcber) for the surface and 5 m depth was less
than 3.0 mg C /m3/hr and this is about half of the
average values obtained fcr the 10 m and 20 m
depths (5.85 - 5.95 mg C /m3/hr). The highest
average values were similar at 10 m 2nd 20 m depths §
(5.95 and 5.85 mg C /m3/hy respectively) followed by i
> m and finally the surface. In November, which is y
I

outside the upwelling pericd, the prcductivity rates



TABLE I RATE QF PRIMARY PRODUCTION JULY ¢ NOTEMBER 1974
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mg C /m3/hr mg C /m3/day mg C /m?/day
Month Om Sm 10m Om d Sme 10m 20m
July 0.8 2.3 4.2 19.2 55.2
(24th) —$
August |
(231'(1 4-8 4-12 15-3 115-2 98*8
September 1 o
(24th) 1.6 0.9 0.9 38.4 | 21.6
pctﬂber 1-6 3.8 3!4 38-4 91;2
(21st)
Total 8.8 23.80C 211.20 | 266.80 571.20 561.6 954331
Average 2.20 5.95 52.80 | 66470 142,80 140.4 2435843
November 1.0 1.6 24,0 33.6 38.4 28.8 660.0

(27th)
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were between 1.0 and 1.6 mg C /m3/ar with the
highest values being recorded at 10 m and the
lowest value at the surface. The highest ng

C /ﬁz/day (6,001.1) was observed 1n august and

the lowest 746.0 mg C/hz/ﬁay Was 1n Septembar cver

the upwelling period.

(xviii) Discussion

Chlorophyll a concentragion, numbrr of phyto-

Fl II-' " " 1
plankton cells and ¢11i fixation rates are %novn to

be indica*ors c¢f she precduction rutes of watcr bodies.

Various woerkers have used onecracombinztion of two of

tlese parameters cr even all three 4o determine the
productivity of an area., Graham (1913) statcs “hat
4 measure cf the chlcrcphyll content ¢f woter is g
Meacure ¢f the phctosynthetic capacity of the water
body. Tunzi and Iorcella (1974) also ccncluded that
014 assimilaticn rates are highly correlatcd 13h
algal chlorophyll concentration, Therefdrs changes®
in the above named parameters siould be expected to
show scme relation one to ancther.

There 1s some relaticnship betwoen changes in
chlcrophyll a conzentration and changes in the number
of phytoplankton cells especially during the culy

to October 1974 period of low water temperature

(£ 2400) when the highnast cell number and the greatest
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chlarophyll g concentiitions were recorded (Fig.16a&

b). For much of the rcst cf the study reriod both

cell counts and chlcrophyll 8 cincentrutions remained

1ow, Nevertheless, when a dramatic increase in
cell count took place in December 1973 there was
Nno corresponding increase in chlorophyll concen-
tration althcugh a peak in chlcrophyll_g was
measurec about a month later in Janu.ry when cell
number were low at the surface and 20 m depth (Fig.
168), Viclent fluctuaticns in cell counts gnd
chlorophyll a concentration occurred betv.een July
and October (Fig. 16b) and there w.s often a close
relationship between them. xt the suyface the
highest annual peak in cell counts on the 3rd of
September clearly COorresponded with the highest
chlorcphyll 3 peak. slthcugh the major re<k in
cell ccunt and chlorophyll 2 ctlncentration were
found c¢n the same sampling occasion (3rd September
1974) there was not necessarily a corrcspondence
betvween the heights c¢f the peaks. For instuance, the
seccnd peak in cell numbers (7664 x 103 cells/1)

at the surface on the 20th cf August corresponded
with the fcurth highest peak over this period in

chlorophyll a concentration (C.25 mg Chl a/m3),

There was a close relation between the appearance

¢f the peaks in cell numbers and chlorcphyll a

-
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concentraticn at the 5 m depth but aguin there was
no correspondence in the relctive heights, except

on the 20th of sugust when the hifhest peak in
phytoplanston cells correspondended with the highest
peak in chlcrophyll a concentration. At the 10 m
and 20 m depths there was nogalways a close relation-
ship between the peaks of phytoplankton cell numbers
and chlcrophyll a concentration with some peaks in
cell numbers having no complementary pecks in chlo=-
rophyll a ccncentration. The best relationship
between the two parameters fcr these two depths

was fcund on the 20th of August when the highcst
phytoplanxtcn cell count corresponded with the
highest chlcrcphyll a ccncentration. 4% 20 m a

higl value for cell numbers (140 x 103 cells/1)

wags found on the 2}{th ¢f September but no corresp-
cnding high level of chlorophyll a was measured.
These discrepancies may in p«rt, be explained; by the
fact that different genera formed the dominant
components cf the cell population at different

times. For instance, in IMay, dinoflasellates such

as species ¢f Peridinium and Ceratium were dcminant
at the 10 m depth and these are known t0 contain
about half as much chlrophyll as diatcoms on cell
volume basis (Gillbricht 1952, Williams & Robinson
1973) as compared with June when both species of

Ceratium, Peridinium as well as diatoms such as
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specics of Coscinodiscus, Rhizosolenia, and

Chactoceros were cc~dominant. In July the chlo-

rophyll a8 concentration was low possibly because
about 80# cf the cell population was made up of
Nitzschia sp. which is known to contain low levels
0of chlororhyll per cell (Graham 1943). It seems
likely that the concentration cf chlorcphyll aizht
also be influenced to sone extent by the amount

of algal detritus in the water cclumn, this detri-
tus might come from benthic algae since station A1
is only 8 kilometers frum the roccky coast,Gillb-
richt (1952) said that in some circumstances much
¢f the measured chlorophyll misht not have come
from living algse but dead cells cr even animal
faeces. sn attempt was made to count only the
cells stained by the Lu.ocl's sclution, neverthe-
less it wis not possible to distinguishr between
healthy and dying cells. Therefcre it is poss-
ible that if a population ccntains a large number
of meribund algal cells then - a low chlcrophyll
g concentration will be measured as cocmpared to
one in which most . cells are laiving and actively
dividing. Between dAugust and October the chloro-
phyll a! concentration clcsely followed the changes

in cell popul=ation possibly because at this timer
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vae environnental ccnditions were purticularly
favourable for the rhytoplanktcn populati. .y which
was undergoing zactive growth., fhus it woculd seem
prcbable that even within a single species, the
chlcrophyll ccntent would vary depending upon
the physiolcgical coundition of the cells.

Zeitschel (1969) measured chlorophyll a
cencentration off lena between September 1963 and
June 1964 and c(btuined values between 0.1-0.5 mg
Chl g/m3. The values for the present study went
up as high as 1.7 mg Chl a/m3 jy, August excluding
the rather high value (> 1 mg Chl a/m3) obtained
during the red tide. The differince in pfobably
due tc the fuct that Zeitschel's measurement did
nct cover the munth c¢f sugust when phytcplankton
grcwth was at its peuk.

The highest value for chlcorophyll a ccncen-
tration wes reccried on the 3rd of September at
the surface (Toble 2) and tiis was the time when
the red-tide caused by 2 high concentration of

Mesodinium rubrum (90% of the phytoplankton papu-

lation) was observed. If the red water ciliate is
excluded from the results then vertical distributicn
shows that although the highest average number

of phytoplankton cells was reccrded at the 5 m

depth the highest average Chlorophyll a concentra-

tion was reccrded at the 10 m depth during the
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Peaks in Cell Couvnts and Chloroprayll a Values

- — — " A o i 1T

Surface .5m ‘ | : .1 Om - 20m

te Cell Count Chlorophyll Cell Count Chlorophyll Cell Count Chlorophyll Cell Count C;iorophyll
; /T g (ng/m’) /L g (mg/m?) /5 a mg/L’ /L & (ng/1°)
h August 158 0.271 89 0.145 23 0.145 23 0.247

| h August 664 0.253 2,039 1.290 15911 bw T2 374 0.797

d Sept: 1,466 4.926 700 0.578 57 0.143 88 0. 29

b Sept; 289 0.403 279 0.288 - ~ 140 0.126
st Oct ; 28 0.116 63 0s116 76 0.116 - -
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upwelling pericd (Fig.17). Similzrly Dandonneau
(1972b) found that the depth with the highest
number of cells lies abcve the depth with the
highest chlorcphyll concentration in the neigh-
bourin, Ivory Ccast. C.mparison between chloro-
phyll @ valurs for the surface and the 20 m derth
shows thut although the surface has "about twice
the number cf cells as the 20 m depth their average
chlorcphyll & cincentraticns are the same,
These cbservaticns can be €X' lained by the fact
that cells at greater depths received less - a8
light than the cnes nearer the surface therefore
they contein more chlorcphyll in crder to be able
to functicn properly. Steele (1964) cconcluded
that mid-water chlorcphyll maxima m.y be due to
an increase in chlcrorhyll content of the plants
rather than due t¢ accumulstion of plenss due
10 sinking. Therefcre the results of the present
work agree with the findings of other workers, °
Net primery productivity rates measured
between July and November shcwed unifora changes
alcng the wuter column (see Table 1). The highest
value fcr all the depths (17.3 mg C /h3/hr) was
Obscrved at the 20 m depth on the 23rd cf august,
a few days after the hirhest valu-s for phyto-

rlankton cell ccunt and chlcrophyll a ccncentration
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were recorded at all depths except the surfuce (Fig.18).
The seccnd highest primery productivity rate was at the
10 m depth. In fact the difference between theze two
depths is very smnall ( 2 mg C/m3/hr) 28 cumpared to
the differencé (2 12 mg C/mB/hr) between the valurs fcr
the 20 m depth and the surface and 5 m. At *he surfuce
the hi _hest primary productivity value did nct ciincide
with the hi,hest values fcr phytoplankton cell count
and chlcrcphyll a ccncentration beeause the red-tide that
caused the peaks had disappeared af the time that the
preductivity studies were carried cut in September. The
highest average net primary ircductivity rate (5.95 mg C/
m3/hr) was observed at the 10 . depth (Fig. 17). again this
value was very close to the v@lue fcr the 20 m depth which
was 5,85 mg ,C/m3/hr. Ncllen (1969} found that the highest
primary prcductivity rate was obt.ined at the 257 and 10%
incident of radiation which correspended with 10 m and 16 m
depths respectively off [lema and the hi, hest average pro- *
ducticn rate was at the 10 m depth. Therefcre the highest
primary productivity rate occurs at greater depths (10 -
20 m). The hi hest net prim ry productivity value at the
10 m depth again coincided with the higchest average chlciro- N
ph;il 8 value which was cbserved at 10 m depth in the present

study. Nellen (1969) alsc found that the depth with the highes$
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prcductivity rate coincided with the depth with

the highest chlcrophyll 8@ cuncenstration. Ryther
(1956) has observed th.t the rate cf photosynthesis
ber unit of chlcrophyll g remained relatively
constant. Tunzi and Icrcella (1974) have 2lso
found a high correlation between C1% agssimilation
and algal chlcrophyll concentration. Therefore

the present findings confirm the cbservations

macde by other wcrkers.

Previous workers such as Bessonov & Fcdosov
(1965) observed that in October which is the last
nonth ¢f the upwelling pericd, daily primury
productivity rate varied at various areas witin
the waters off the Ghanaian coast, 70 miles to
the west of Cape Three loints the highest rate
was 3,800 mg C/mz/day. In the Takoradi arca

primary production varied between 300 mg c/mE/

day outsice the upwelling period in May and 2,600
mg C/m2/dzy during she upwelling pericd. Mahn- i
ken (1969), obtained values of more than 1,000

mg C/mz/ﬂay for Cape Three Toints. Nellen (1969)
carried out prim.ry productivity studies off Tema
between February and May 1964, which was outside
the upwelling pericd, and obtzained an average value
of 677 mg C/m?/day. Therefcre the cbservation

that the average primury production rate was

\
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600 mg C/ﬁz/ﬁay for November (nonrupuelling rericud)
and 2,358 mg C/mz/ﬂay for the Upwelling pericgd

(see Table I) in the pPresent study compares favourably

the non-upwelling period and 985 mg C/m2/3ay tor the
major upwelling periogd for the Ivery Cicast, Dandonneay
(1972b) obtaineg higher vilyes (386-1,116 ng C/hz/ﬁay)
for the Ivery Ceast, The mincr differences in the re-
Sults obtained for the two Ctuniries may be due to the
differences in the time that the primary productivity
rates were carried oyt since the duration of the phyto-
Plankton bloom period can be 1 matter of hours or days
(chtus‘§3_§;.1972) The active gruwth period cculd easily
be missed. Moreover even different pcints within

the same area can have different primary productivity

rates as shcwn by Bessonov and Fedosov (1965),

GENERsL DISCUSSION ‘

'-_-_-—-u—_____
It is well documented that qualitative ang quan-

titative changes in phytcplankton POpulations are

affected by a variety of factors such s temperature,

,utrients, light cinditions, grazing and rates of

sinking., There is a complex interaction of these fac-
tors one with ancther t0 modify the effect a.. Sactoe
- ¢an have on the population, Loftas_gj_g;,(19?fj

state that phytcplankton organisms have a short
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generation time (hours or days) and low motility, there-

fore their grevith ang physiologiceal state might streoagly
be coupled +o she rhysiological and chemical parameters
cf their envirounaent,

Tris present study has shown that between July and
Uctober when the temperature c¢f the Ghanaian off-shore
water is low (< 24°C) and the salinity is high (> 35%0),
then the hi_hest yearly chlorophyll 2 concentration and
counts ¢f phytoplankton cells were Observed (Fig.19). This
. bperiod is 2lso the time of she year when many of the nut-
rients known tc be necessary for the growth of phyto-
plankton organisms are often in high concentrations. This
large inerease in nutrient concentration, fall in sea
water temperature and rise in s@linity measured from the
su: face to the 20 m was believed U0 be the result of the
annual local upwelling off Gnanasa. (Inghan 1570, Longh-
urst 1964%) There was also 2 minor upwelling in December
1973 which is shown by the decrease in temperature, small
increase in salimty and incrcuse in nutrient concen- ¢
tration at this time cnd consequnntly an increase in
counts ¢f phytoplunkton organisas. This confirms the
findings of other workers who found that a.rise in
procuctivity of the phytoplankton takes place in the Gulf

of Guinea 2t this time of the yedar as a ccnsequence of
upwelling (Reyssac 1970, Dandonneau 1971, 1972 3 & b).
Diatoms and dincflagellates were found to be the twn

dominant groups of the phy.oplankton organisms at sta-
tion A4 Off the Ghanaian cvast. The dinoflagellates
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almost disappeared completely during the aajor upwelling
period so that diatoms often formed over 90% of the total
cell numbers (see fige13). fThe Lrincipal genera of diatoas

present over the upwelling season in 197} were species of

Skeletonema, Nitzschia and Ihelassiosira (sec appendix 1).

Reyssac (1966b, 1966¢, 1970) and Dundonneau (1971) have
similary observed that the high cell counts found during
the upwelling pericd in the Ivory Coast was caused largely
by diatems but different genera to0 those found in the pre-
sent study. Rcyssac(1970) found a diatom bloom during the
upwelling of colder nmutrient rich water further north-wards
along the West African coast in the shallow Baie du Levrier
off Mauritania; the diatoms formed mcre than 90% of the
phytoplankton orgunisms. Reyssac (1972) has also found
that the main group of organisms thut fcrmed the bloom
found off sngolan coast during the upwelling were diatoms. i
Outside the upwelling pericd when temperatures were high

( 24°C) and nutrient concentrations were generally lcw,

——— e — —

dinoflagellates were the common components of the phytd-
plankton., HMulford & Norcross (1971) found that Ceratium sp
wds dominant during the warmer months in the Virginian

coastal waters. Reyssac (197%4) found that Gymnodinium sp

prefers higher temperatures in Mauritanian waters. She

also found that Dinophysis sp. and Peridinium spe fcrmed |

the main components of the phytoplankton in the waters off

the coast of angola during the warner months(Reyssac 1972).
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Reyssac(1966b, 1966¢c, 1970) found that flagellates were
the dominant group during the non-upwelling seascn in
the neighbouring Ivory Coast where conditicns are similar
t0 those of Ghana. The observaticns of the present study
therefore confirm: the findings of other workers that di-
noflugellutes are often abundant at higher temperature.
Dinoflagellates are able to grow successfully in wa-
ters of relatively low nutrient concentrztions. For exam—
ple leratium sp. have sluw growth rate and 1ow nutrient re-
‘quirements therefire they continue to grow in impoverished
waters (Sverdrup et al. 1942). Vilson (1965) observed that
dinoflagellates are able to grow in waters of relatively
low phosphorus concentr.-ticn. Moreover high dinoflagellate
populations are oObserved tc succeed diatom blooms when the
nutrient level is luw due to uptage by the diatons(Ryther

1955). Barker(1935) observed that Prorocentrun micans can

tolerate @ wide range of nutrient ccncentration. These
Observaticns suggest that dincflagellates can thrive in
nutrient poor waters and msy account for their abundance ¢
at the tine ¢f the yeur when water temperatures are high
(>25 0C) and nutrient ccncentrations are low in the Gulf
of Guinea.

Cell counts and nutrient concentrations were high
during the upwelling period, nevertheless violent: fluctua-
tions occurred in both., There was found to be a good cox-

respondence between increase in phytoplankton cell counts
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and decrease ip nutrient concertraticn (Pig.20), Pesil-

ting from tie utilization of the nutrients by the phyto-

plankton ‘rganisms. The decline in Silicate, pPhosphate

and nitrzte COncentration ag g result of uptake by phy-

of sugust when the Phytoplankton bloom was at jitg peak,

Such a relaticnship between cel]l numbers angd nutrients was
shown by the decrease in phosphate ang Nitrate councentra-
tions on the 3rd of September 1971 when 1 large population

+ 0f the red tide ciliate HMesodinium rubrum, which is known

to be 1 functicnal autotrOphh wWas observed, Laboratory
and field studies hive shown that nutrients such as silj-
cate, nitrste ammonia, anino acids and phosphate are
readily ‘taken up by algal cells, For example, the uptake
Of silicate has been shcwn by Jﬁrgensen(1952, 1953 ),
nitrfte uptaze has been shcwn by Provasoli(1958), Bienfang
(19?é), Eppley et al.(1969), Eppley & Coatswerth(1968)),
Grant et al.(1967), Strickland_g}_g}.(1969), and Syrret .&
Morris(1963), among others. Aammcnisa uptake has been shcw;
by Eppley‘gi‘ai.(tf69), and Wheeler|g£_§l-(1974J. Malone
et 3l.(1975) and Thomas (1970) state that growth of aurine
phytoplankton is ofsen limited by the availability of
disgolved 1norganic nitrogen. Uptake of phosphate hasgs
been shown for becth diatoms and dinoflagellates, For in-
stance many workers such as Wilson(1965), Ketchum(1939),
Kain & Fogg(1958 a,&b) and Provasoli & Pintner(1953) con-

Ssidered phosphctrus as one cf the natural limiting facturs
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for the growth of algae., Diatoms require silicate for
the formetion of their frustules and lack of it prevents
the frustules from gttaining sufficient size for the next

cell division, Uptake of silicate by Nitzschia palea )iu

freshwater and Bacillaria pwradcxa in salt water has been

clearly shown by Jgrgensen(1952, 1953). He found that
the growth rate decreased when concentr.otion of silicate
was low even in the presence ¢f cther nutrients. Therefore
silica is one of the limiting factcrs for the growth of
diatom populatiins and the lurge fluctuations found in
the upwelling periocd reflect the consecutive increases and
decreases in diatom cell numbers. The very large increase
in silicate recorded in January and February was not ac—
companied by a diatom bloom possibly because of the fre-
quent break-dcwn of the research vessel in those months
and it is possible that any bloom thut might have deve-
loped had been missed. Reyssac (1970) found a small dia-
tom bloum between January and February at the time of the
local minor upwelling season in the Ivory Coast. W
There is a close correspondence between the sudden
decline in the cell number of the phytoplankton popula-
tion and the appearance of high concentritions of the
various nutrients such as phosphate, nitrate and silicate.
This could be accounted for by the rapid relesse of the
nutrients on the death of the phytoplankton organisms Or,
as suggested by Steele(1958) and Martin(1965, 1968) by

their ingestion and excreticn by zooplankton.
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The physico-chemical rcsults shew that there is no deve-
lcopment of a distinct thermocline and it seems that the
water column at least down to 20m, is well mixed. There-
fore nutrients are not lcst to lower levels and even nu-
trients such @s silicate rapidly reappear on the break-down
of the phytoplangston organisms. The appearance of the
red-tide on the 3rd of September poses a problem as to the
origin of the high concentr2tion c¢f nutrients measured on
the 27th of sugust. One possibility is the horizontal
water movement into the vicinity of the sampling station.
In fact only a very weak current was measured at station
A, between 15 and 30 m just before the appearance of the
red—-tide on the 3rd of September. #Also on the 30th of
August a rather calm sea(wind speed % knot) was observed
at 09.00hrs., at station A1. The crigin of the red-tide

is difficult to say but conditions prevailing at this time
agreed with those ncrmally observed for such blooms.
Iverson et al.(1974) concluded that water column stabily
zation is a prerequisite to the development of the spring
phytoplankton bloom. A similar conclusion has been drawn
from observations made by Gran & Braarud (1935), Riley

(1942), Sverdrup(1953) and Taylor et 2l.(1971) that a

stable water column together with high phosphate concen-
tration are prime factcrs causing blooms of the ciliate
Mesodinium rubrum. The observation made in the present

study confirms the findings of other wcrxers. ..
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It seems that the stable water column together with the

high concentraticn of nutrients observed on the 27th of
sugust possibly released by the breakdown of the pre-

vious bloom of phytoplankton organisms are the possible

factors that brcught about the bloom of the red-tide or-

ganism observed at staticn s4 off the Ghanaian coast,.
Changes in dissolved oxygen concentrations in

water budies have been used as indications of fluc-

tuations in the rate of primary production. There was some

correspondence between phytoplankton cell numbers and
dissolved oxygen levels in the present study but this
was not inézriaﬁly the case., For instance, the pcak
in cell number found on the 15th of Uctober was
not accompanied by 2 corresponding increase in oxygen
concentration. Nevertheless, the high oOxygen values
(> 8 mg/l) observed at the surface, 5 m and 10 m on
the 20th cf ~»ugust .corresponded with the peak of
phytoplankton production (Fig.21), Biswas (1560) also
found that increase in algal cell concentration correg--
ponded with increase in dissolved oxygen in the Volta
Lake in GhanaeReyssac (1970) similarly found the

highest oxygen concentraticn tc be in sugust 2% the

28 m-deep sttion off the Ivory Ccast but again she
did not always find a relaticnship between the phy-
plankton cell numbers and dissolved OXygen concen=

tration. The high level of photosynthetic activity

| ¥
alwary > /
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Fig. 21 ~ Changes in oxygen concentration,

- primary production rate and phy-
toplankton population at 10m at
station Ay off Tema Ghana.

(July - November 1974 )
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would acccunt for the rise in dissolved oxXy&en content
0f the water when a relatiun appears tu exist. The
rapid fall in oxygen content on the 27th of august may
bactona ocfiag 00
be due tc rapid uptake by.the deconrcsins dead cells,
Zooplankton respiration may also be an impcrtant factor
1n bringing abocut this drcp since the nunber of such or-
ganisms most prcbably increased at the tiae cf the phy=-
toplangton bloom,. %
dpart from the effect of physico-chemical factors,
on the phytcplanktcn population, grazing by herbivceres
also caused scae chinges in the phytcplankton popula-
tion, Zocplankters are known to be the .1ain herbivores
therefore the rapid decline in phytoplankton cell num-
bers at short intervals between July and September
might be due to grazing by zooplanston crganisms in the
present study. Copepods are repcrted to be one c¢f the
principal grazers of diatcias{see Lebour 1922, Marshall
1924, Sverdrup 1942, among cthers), althcugh they also
feed on dinoflagellates and coccollthnphores(Esterlg
1916, lMarshall 1924). During the time of the princi-
pal upwelling in Ghana copepods form the main compo-
nents of the high zooplankton population(MMensah 1969),
therefore the sudden decreases in the phytoplankton
population over this period might be due to grazing
by copepods. Mensah(1972) has found such diatom genera

as Thalassiosira and Skeletonema in the gut of the co-

pepod Calanoides carinatus during the upwelling period
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in Grén2ien waters, llarehall (1924) foind such genera

as Skeletonema and Thulassiosira in the gut of the cope-

pods she exumined whilst artin (1970) has found that

Stcletonema sp was selectively grazed. In contrust

Iversen et al. (1974) did nct find any Sccletonema cos-

tatuma 1in the feacal pellets of the copepods examined
despite the fuct that 1t formed the most abundunt Specles
1n the rhytoplanktcn., This implies that in this case the

copepods were nct gruzing the Sxkeletonemza costatum. Other

‘ cCperods such as scartia tonsa and tseudocalanus minutus

are known to graze Skeletonema costatum (Curl & Meleod

1961, Tarsons & Le-~Brasseur 1966, lartin 1970). They

explained the absence ¢f Skeletoneaa ccstatum frustules

in the feacal rellets ¢f copepoiés by the fact that the
frustules are particularly delicate and may have been
destroyed during digestion. The findings by Marshall (1924)

and Mensah (1972) of Skeletonema frustules in the gut cf

ccopepods might be cue to the cells having not undergone
complete digestiovn at the taime ¢f analysis. In ccnclusiqn,

the rapid disappe-rance ¢f such diatoms es Thalassiosira,

Skeletonema and Nitzschia, often the main ccmponents cf

phytoplanktcn blcom, could be partly cdue to grazing by
the zocplunkton crganisms.,
The greatest numbers o¢f phy:oplanikton cells were

not usually fcund at thc watecr surface but scme meters below
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(see Fig.17). 1In the present. study sampling was dore
at 09.00hrs. and the greatest concentration of phytopla-
nkton cells were found at the 5 m depth and below. .n
exception to this pattern was observed on the 3rd ¢f
September 1971 during the tiae of the red-tide. Cell
count w.s highest at the surface on that day and 98% of

the populution was made up of the ciliate Mesodinium

rubrum which ccntained chlcrophyll within functional chl-

Oroplasts usually regarded asg incomplete endosymbicnts.
This organism can therefore be regarded as a functicnal
autotroph. The ciliate cells were almost 1,500/ml at
the surface whilst at 1®a and below they dropped below
100/ml (Fig.22). The chlcrophyll o value was highest
(4.9mg chl g/m3) at the surface and fell below O.5nmg

chl E/mB at the 10 m and 20 m depths. The total cell
count shcws a similar decline with depth but below

10 m an increase in number occurred due to the high ccn-
cantration of diatom cells at 20 m., These findings are
in agreement with those founc by other werkers (sae ’
Taylor et al. 1971 for refererces) that during the

day and under cloudless conditicns, tlie highest num-
bers of ciliate cells are near the surface and de-
crease with increasing depth. Unlike many phytoplankt r
organisms this ciliate has well develcped powers of
locomotion and as Bary and Stuckey (1950) have ob~

cerved 1% exhibits a strcng positively phototactic response.
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Fig- 22 — VYertical distribution of chlorophyll a and the
ciliate Mesodinium rubrum on 3™ Sept.1974-
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The stable waterp column conditions and high phosphate
concentration observed Just prior to the appearance of
the red-tide are the POssible cause of the Mescdinium
bloom (see Teylor et ul, 1971),

In conclusicn, it appears that there are two main
marine seasons found in Ghanaian waters., One of these
corresponds to the rainy season when there is a major
upwelling cf colder, more saline and nutrient-rich
weter (July — October) whilst the cther season is
Characterised by higher water temperatures, lower sa-
linity and lower levels of nutrients. This latter
marine season is brocgen by a weak and limited upwel-—
ling which oceurs usually between December and January,
b COnsequence of the upwelling is to bring about a
draaatic increase in primary productivity which in
turn must profoundly affect higher trophic levels and
hence the whole Ghanaian fishery., It is well esta-
blishcd fact that pocr fish catches along the Ghangian
coast always correspond to years in which there was a

vVery weak upwelling.
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SUMMARY
m—.‘

Ghana, which has g sub-equatorial Climate, ex-
bPeriences major ang minor upwellings in July~October
and December respectively, During the major upwelling
period surface water temperatures are 1owest (£ 25°%¢),
salinity is highest (>35°/00) ana nutrient concentra-
tions are high, The ainor Upwelling in December i8
also Characterisged by a slight decrease in temperature,
increase in salinity and nutrient concentration, 4t
Other times of the year temperatures are high (»250¢C)

salinity is 1ow G<35°/b0) and nutrient concentrations

are 1low,

(>1.0 mg chla/m3 and 1000 x 103 cells/1) being ob-
served over the ma jor upwelling pericd., a4 small in-

Crease in these measures occurs also in December,

The compositicn of the phytoplankton shows fla:
gellates almost Completely disappearing during the
principal upwelling, Diatoms are dominant over much
of the yecr and fcrm over 90% c¢f the cell counts for
much of the pericd of upwelling, i the 3rd of Sep-
tember the ciliate llesodinium rubrum was dominant,
Large fluctuations occur in cell numbers and the

concentration of nitrate, silicate and phosphate par-

ticularly over the period of magor upwelling. There -
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is a gcood COrresponcence between the peaks in phyto-
prlankton nuabers and 1ow levels of nutrients, with
the converse taking, place at Other times. The rel-
€ase 0f these nutrients takes place rapidly on the
disappearance of -he phytoplankton bloom with nutri-
ents not being lost to lower levels at the shallow
station sampled.

The levels cf dissolved OXygen and phytoplankton
cell _coacentration only Occasicnally show a close
COrrespondence. The highest OXygen concentration
(7 8 mg/1) was measured at the time of the highest
Peakx in cell numbers which is over the period of
the major upwelling,

Vertical distribution of phytoplanzton cells
shows that the highest number of cells are usually
at the 5 m depth or below. Mesodinium rubrum had
its highest cell numbers at the surface on ‘the 3rd
¢f September 1974,

Primary productivity rites also show seasontl
changes with the hichest aver.uge seasonal value
(2,358 mg €/ m2/day) being observed during the upwelling
period and the lowest valye (660.0 mg C/m? /day) being
Observed in November outside the upwelling period,
The values obtained are ctmparatively higher than

those usually observed for tropical regions.
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