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Summary

The seasonal variation of phytoplankton biomass in terms of total number of algal cells, 

chlorophyll â  levels and phytoplankton productivity investigated in the years 

1984, 1985, 1986 and 1987 for samples collected from the photic zone (surface and 5 

metres depth) at stations 11 and 9, at the Fairlie Channel in relation to the changes in 

nutrient levels and weather conditions. The seasonal variation in the phytoplankton 

composition was assessed using microscopic examination of the samples and the 

qualitative analysis of the different algal pigments. Also investigated was the 

contribution of the different phytoplankton size fractions to the total photosynthetic 

activity, including that of net -, nano - and picophytoplankton.

Although there is a year to year slight variability in weather conditions and nutrient 

concentrations during the course of this investigation, certain features recurred  

annually: 1) The spring diatom increase (spring bloom) occurred in March or early 

April. 2) The phytoplankton biomass during the summer fluctuated about intermediate 

levels, althougl^n certain occasions they were comparable or higher than those ob^rved 

during the spring diatom increase and during this period the minimum nutrient levels 

were recorded. The maximum photosynthetic activities were found during the summer 

period (1986) in reflectionc/ the favourable weather conditions marking this period. 3) 

Small to relatively high standing crop levels were recorded during the autumn period 

with photosynthetic activities comparable to those found during the summer. Relatively 

high nutrient levels were recorded during the autumn. 4)Low phytoplankton biomass 

(representing the year minimum) and high nutrient concentrations (representing the year 

maximum) were found during winter. There was no regular recurring autumnal bloom.

XVII



With the exception of the findings on 25 May and 6 June, 1984 when the benthic 

organisms represented a large part of the total population, these organisms were found 

to be most numerous during autumn and winter months, coinciding with the prevailing 

conditions.

Diatoms were the most dominant fraction of the population mainly during the spring 

diatom increase of which Skeletonema costatum and Thalassiosira nordenskioldii 

were the most dominant species; also observed in considerable numbers was Navicula 

spp. The largest levels of contribution by dinoflagellates to the total phytoplankton 

biomass were recorded during the autumn months; the dinoflagellate fraction was 

predominantly composed of the genus Ceratiwn. Green flagellates were found in 

considerable numbers during the summer months although they were common in the 

autumn and winter months of 1986.

The seasonal variations of the total phytoplankton biomass and nutrient levels were 

similar to those observed in the past in the Fairlie Channel. The highest chlorophyll a 

levels were recorded in 1985. The maximum chlorophyll a levels in 1984 were 

recorded during the spring diatom increase an 11 April (3.9 - 4.1 mg. m3); the 

maximum chlorophyll a in 1985 were recorded on 20th and 29th of March (12.4 - 18 

mg. m ‘3); the maximum chlorophyll a levels in 1986 were found on 2nd of April for 

samples collected from stations 11 and 9 aty[ surface (9.52 and 10.2 mg. m'3 

respectively), also comparable levels were founc|Dn 4th June (7.5 - 11.5 mg. m*3). In 

1987 the maximum chlorophyll values (8.1 - 13.7 mg. m'3) were observed during April.

wh't-h
Based on laboratory incubations the photosynthetic levels (measured with l^C),/were 

recorded from 10 March, 1986 till 22 April 1987 showed a clear seasonality and close 

correlation with the changes in chlorophyll levels. Carbon fixation levels were high 

during the summer period following the spring diatom increase. The maximum primary
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productivity values were recorded in 4th June (418 - 766 mg C m‘3. h‘^), with the 

exception of samples collected from station 11 at 5 metres depth of which the maximum 

of 389 and 393 mg C m-3. h 'l were recorded on 30th July and 15th August respectively.

During the late summer period and early autumn (15 August and 10 September, 1986) 

most of the total fixation was carried out by the netplankton fraction (61 - 80.87% of 

the total photosynthetic activity), whilst on 25 September and 6 October more or less 

equal levels of contribution by the net and nanophytoplankton to the total 

photosynthetic out put were recorded. On 27 October the nanoplankton size fraction 

accounted for 58 - 62% of the total fixed. During the winter period on 12th of 

November and 23rd of December the nanophytoplankton population accounted for all 

of the photosynthetic activity, of which most was in the >5<10 pm size fraction (66.6 - 

88.9%); whilst although on 22nd of January and 17th of February there was an 

increase in the contribution of the net fraction most of the fixation occurred in the <20 

pm size fraction (nanophytoplankton). During the spring diatom increase of 1987 the 

levels of carbon fixed by the nanophytoplankton fraction (50 - 57.6%) exceeded,that by 

the netphytoplankton, with most of the nanophytoplankton production occuring in the 

>10<20 pm size fraction and most of the netphytoplankton production occuring in the
od wV ’̂th  /At

>100 and >20<50 pm size fractions, in the latter/were^higher.

The photosynthetic activity by picoplankton (<1 - >0.2 pm) which was a part of the 

>0.45<5 pm size fraction was variable throughout the different seasons, as well as with 

stations and depth. Generally picoplankton accounted for significant proportions of the 

total photosynthetic output. Picoplankton accounted for 5.86 - 11.6%of the summer 

fixation, for 8.8 - 29.6% of the autumn production, for 11.2 - 32.2% of the winter 

photosynthetic output and for 17.87 - 20.9% of the spring photosynthetic activity.
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1. Introduction

The Clyde Sea area lies between latitudes 55°5’ and 56^17' North and longitude 4^30 

and 5°40' West and covering an area of about 1160 square miles, or 881 square sea 

miles, the water surface co^sponds to 3350 square miles of land surface slope. The 

total volume of water in the area at low tide is about 25.5 cubic sea miles, and the 

average depth is 29 fathoms. At high water the total volume of water is about 26.65 

cubic sea miles and the average depth is 30.5 fathoms.

The area has been described in detail by Mill (1889 - 91 and 1901). The Kintyre 

Peninsula, which forms the western boundary of the area, is separated from Ireland by 

the North Channel, eleven miles across. The southern boundary of the area stretches 

from the Mull of Kintyre to Galloway, a distance of twenty three miles. On the south it 

is divided from the Irish Sea by the Great Plateau which has an average depth of 24 

fathoms, this deepening northwords to the Arran Basin. The islands of Arran, 

Inchmarnock, Bute and the Cumbrae divide this into a number of narrow sounds, 

continued to the north as a series of lochs. The north west is prolonged into Loch Fyne, 

which curves off to the north - east, and the north - east into Loch Long. This is joined 

on the east by the shallow estuary of the Clyde, the only important river entering the 

area. The Arran Basin into which the Great Plateau descends, is sharp like the latter, 

the western branch of the Arran Basin forming the Short Leg and the Central and 

Eastern Basin the Long Leg, which reaches as far north as Otter Sit. The maximum 

depth is about 107 fathoms, which is the maximum for the area. The Dunoon Basin is a 

straight trough of a 54 fathoms maximum depth which runs up Loch Long as far as its 

junction with Loch Goil. The estuary, which joins it at the middle point, shoals off 

rapidly, the navigable channel being maintained by dredging. On the north the estuary 

is joind by the Gareloch, which has a maximum depth of 21 fathoms. Loch Long is a 

continuation to the north of the Dunoon Basin with a maximum depth of 35 fathoms, 

and Loch Goil, with a maximum depth of 47 fathoms, joins it on the west Loch Striven, 

which runs almost due north and south, has a maximum depth of 42 fathoms; the Kyles
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Figure. 1.1, Map of the Inner Firth Region of the Clyde Sea Area.
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Figure. 1.2. A detailed map of the Fair lie Channel showing the

position of the main sampling stations (11 and 9) 

and the position of the grid stations. The stippled 

area represents Hunterston and Fairlie sands.

(The stations were those used by Hannah (1979))
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of Bute and Loch Ridum are shallower, the maximum depth is 23 fathoms. Loch Fyne 

is divide into two basins, the Grantans Basin and the upper Loch Fyne Basin, the former 

with a maximum depth of 36 fathoms and the latter with a maximum depth of 80 

fathoms.

The different lochs are separated from the more open water by "thresholds or bars. 

Loch Striven is an apparent exception, unless the shallow plateau between it and the 

Dunoon Basin be counted as such.

Tidal conditions and the general hydrography of the area have been discussed by Mill 

(1901), Bames and Goodley (1961), Allen (1966) and Collar (1974). The tidal ranges 

of the Clyde Sea area are relatively small when compared with that of other estuaries. 

Because of the depth and the width, the Firth of Clyde is not considered a typical 

estuary and in many aspects can be regarded as a shallow sea. The tidal conditions are 

mostly semidiurnal, although a diurnal influence of up to ten percent of the range may 

be apparent at times (Allen, 1966). The mean spring range at Cumbrae is 2.92 metres 

and the neap tide range is 1.76 metres. The tidal ranges become amplified as it passes 

up the Firth reaching a spring range of 4.11 metres in Glasgow. The delay of high 

water from the outer to inner Firth is only 17 minutes (Mill, 1889).

MiU (1901) mentioned that in the Clyde Sea area the tidal currents are as a rule, 

generally weak, with the current strength being greatest in the North Channel where the 

water becomes thoroughly mixed with each ebb and flow. It has been suggested that 

the spring maximum rate in the Arran Basin is 3 knots, and that generally the ebb 

stream is opposite the flood and of equal velocity and duration. Barnes and Goodley 

(1961) gave a revised view of the tidal movements and showed that the currents in the 

wide outer Firth are weaker than that suggested by Mill, also they found that the spring 

rate for the main tidal streams mngêd' from 1.5 to 2.0 knots. Mill (1901) noted that 

currents increased or decreased to a marked degree according to the direction and
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strength of the wind The same effect was also noted by Dooley and Steele (1969), who 

found that the surface inshore wind driven currents near Ayrshire coast moved up to 

1.6% of the wind speed and responded rapidly to changes in wind direction. In the case 

of offshore, they found that the water movement was more complex with the flow being 

part of the large scale wind induced circulation of the Firth.

The more recent data, obtained from Steele et al- (1973) shows that the estuarine 

circulation is barely detectable from current measurements. The estuarine inflow was 

detected along the eastern shores of the Firth where the water appears to originate from 

the Irish sea. Except in this narrow strip the salinity of the surface water is relatively 

low and constant over the whole Firth to the estuary. The upper water flows 

southwards above the depth of the strong pycnocline at about 15 metres, with the 

amount of fresh water in this layer rarely exceeding 2%. Although currents in the 

Clyde Sea area are slight , the retention time of water is not long as spatial scales are 

small and the estimated residence time of water in the area is approximately one month 

(Steele et al, 1973).

Hinton (1974) mentioned that there are no published data available for the circulatory 

pattern in the Fairlie Channel, but from private communications and personal 

observations, it seems probable that there is an anticlockwise circulation of surface 

water within the channel. This results in a continued southward flow of the water at 

Keppel Pier throughout the tidal cycle, with the exception of a short period, around low 

tide, when the direction changes to northward.

The climatology of the area has been reviewed by Mill (1889) and Barnes (1955). The 

review carried out by the latter author showed that the temperature trends are typical of 

the north temperate zone and the rainfall is typical of a wet oceanic climate. The 

measurements of air temperature at the Marine Station, Millport carried out by 

Bames( 1955) showed an annual maximum monthly mean of 14.1°c in July while the 

minimum monthly mean of 4.3°c, is recorded in February. The rainfall in the area is
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not excessive, being around 45 inches (1143 mm) per year. Generally December is the 

wettest month with 5.42 inches (137.6 mm) and the driest is May with only 1.82 inches 

(64.2 mm), Bames and Goodley (1958) showed that the land rainfall was higher than 

that at sea with 55.24 inches (1403 mm) per year, supplying 1.162 x IQlO cubic meters. 

The islands have a rainfall of 47.87 inches (1215.8 mm) supplying 0.07 x 10^^ cubic 

metres, whereas the sea and loch surfaces receive 42,74 inches (1085.6 mm) supplying 

0.387 X lÔ O cubic metres per annum. The prevailing winds in the Clyde Sea area are 

usually from the south west quadrant, except for March and May when north - easterlies 

predominate. The difference in the mean hourly wind speed did not exceed 5 knots 

between the windiest month, October, and the calmest month, June.

Both Mill (1889) and Bames (1955) showed a clear reduction in the salinity of surface

and bottom waters in the Clyde Sea area during winter months, reaching a minimum
( iU 9 )

level of 31.26°/oo at Millport in January. Mill/found a surface maximum between July 
he

and September, whilei(found a maximum levels of 32.98^/oo in June at Millport. Both 

authors correlated this change with the pattern of seasonal rain - fall changes. Mill 

stated that a change in rainfall takes two months to produce its full effect on salinity 

while Barnes showed a delay of one month; i.e both authors correlated salinity changes 

with changes in the pattern of seasonal rainfall.

Except in the estuary, where stratified layers of fresh water on top of the salty water 

often occur (Allen, 1966) temperature and salinity usually vary only gradually another 

reason for regarding the Firth of Clyde as a shallow sea and not a typical estuary 

(Johnston et al, 1971). Mill (1889) attributed the small differences in vertical 

distribution of salinities to mixing processes; also he stated that fresh water was lost by 

mixing in each tidal outflow and not by the flowing out of a fresh water layer.

The presence of a well developed thermocline in the outer Firth during the summer has 

been suggested by Barnes (1955). Mill (1901) investigated the isothermocline

6



conditions throughout the Clyde Sea area. The North Channel remained isothermal 

throughout the year, similarly the Arran Basin remained completely mixed till the 

period of maximum surface temperatures. Even at this time no distinct thermocline 

occured, a constant gradient of temperature from 12.2^0 at the surface to 8.3°c at 110 

metres was evident. Strong winds cause complete circulation of the water column at 

the autumn equinox. The presence of a vertical temperature discontinuity was only 

demonstrated in Loch Goil and Loch Fyne although Mill suggested that other deep 

lochs would have a similar thermal regime.

One of the first studies of the chemical nature of the water mass in the Clyde Sea area 

was carried out by Mill (1889). His study was confined to the changes in the 

proportions of sulphates and carbonates in relation to the differences in the salinity. He 

found that the amount of sulphate and carbonate increased in waters of lower salinity.

In 1926, the first annual survey of the area was carried out in Loch Striven , a deep 

fjordic sea loch, by Marshall and Orr (1927), in which they showed a close relation 

between diatom increase and changes in pH values, dissolved oxygen saturation and 

dissolved phosphate. During the winter period, while diatoms were very scarce 

phosphate values varied between 40 and 50 mg. per cubic metre. During the spring 

phytoplankton increase the phosphate content of the water declined abruptly from 

around 40 mg. m^ on 23 March to 12 mg. m^ at surface within 2 weeks and from 47 

mg. m3 on 23 March to 17 mg. m3 on 13 April, at 5 fathoms. During this period the 

largest levels of decrease were recorded at the surface and 5 fathom layers, in which a 

considerable increase in the total number of algal cells was found, while at the deeper 

waters, mainly at the bottom, little change was evident. During this period Skeleîonema 

costatum was the predominant species. The regeneration of phosphate in deep waters 

was shown to occur during late summer and autumn. During the summer period a 

gradual rise in phosphate was recorded in deep waters which continued till the autumn 

turnover, while at the surface and 5 fathom layers phosphate levels remained low. The
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surface and 5 fathom layers were completely denuded of phosphate on 25 May. The 

diatom population during the summer period was mixed, Cerataulina bergoni, 

Skeletonema costatum, Chaetoceros spp and Nitzschia seriata forming the majority. 

Also observed in considerable numbers was Leptocylindrus danicus. In autumn two 

species of diatoms became abundB.ntj^elosira spp and Chaetoceros didymum. Oxygen 

saturation reached its highest values of more than 135% at the surface in April and 

August while at the bottom a minimum of 30% was recorded during autumn. The pH 

values varied within close range and never exceeded 8.45 or fell below 7.75. The 

lowest values were recorded in the winter. The analysis for silicate (dissolved silica) in 

the surface and bottom samples showed a distinct lowering in its values during the 

spring diatom increases at Clapochlar, whilst nitrites in the loch throughout the year 

showed no obvious relation to the phytoplankton.

The phosphate and total nitrogen content of the muds at 33 stations in the Clyde sea 

area was studied by Moore (1930). The phosphate values for shallow stations range 

only from 0.178% to 0.224% by v ^ h t.  There is no general relation between P2O5 or 

N2 values and the depth of water, with the following exceptions: 1) The phosphate 

values in depths of less than 40 metres all lie close together. 2) The phosphate values 

fall off with increasing depth in the mud, but usually show a rise at the ten - fifteen 

centimetre level. 3) The nitrogen values usually fall with increasing depth in the mud. 

4) Generally the strongest tidal streams, have low phosphate and nitrogen levels.

The background winter nitrate values over most of the Firth of Clyde are about 25% 

higher than in the northern North Sea (Steele et al, 1973). This is due to nutrient 

addition from both the Clyde and the Irish Sea. Also they showed that the daily input 

of soluble nitrogen compounds into the upper estuary is up to 30 tons per day. Johnston 

et d  (1974) studied the nitrate enrichment of the Firth of Clyde around Irvine Bay for a 

short period during April. Along the eastern coastline of Kintyre the lowest values 

were found (5 - 9 pg at N. l-l), whilst (higher (12 - 14 pg at N, I'l) to the west of
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Cumbrae than those found to the east (10.5 - 12 pg at N. l-l). Within Irvine Bay itself, 

localized nitrate values exceeding 30 pg at N. 1"̂  were found on occasions.

The first seasonal survey of phytoplankton in the Clyde Sea area was carried out by 

Marshall (1924), by examining the gut contents of Calanus finmarchicus which occurs 

in the Clyde Sea area all the year round and relating them to the changes in the algal 

population. During the spring diatom increase Skeletonema costatum was the 

predominant species in the gut of Calanus finmarchicus^'with Thalassiosira a close 

second. The two diatoms changed places in May and June, During April, May and 

June other diatom species were common including various species of Navicula and 

Fragilaria . In July and August Chaetoceros spp, and Rhizosolenia spp^ mainly 

Rhizosolenia fragillima were dominant. A group which is present in considerable 

numbers during the summer werr the dinoflagellates; Peridinium {=Protoperidinium) 

itself was most abundant in August. Again^during the autumn diatom increase most of 

the population was made up of Skeletonema and Thalassiosira, the latter species 

continued to be of importance throughout the winter. Also found during the winter 

months were Coscinodiscus spp and Biddulphia spp mainly in November. The 

silicoflagellate Dictyocha spp was occasional throughout the winter and its maximum 

found in September.

Marshall and Orr (1927, 1928 and 1930) studied the phytoplankton composition of 

Loch Striven and other stations in the Clyde Sea area. Their studies were based on 

weekly sampling from the different stations, whilst during 1927 and 1928 the spring 

diatom increase in Loch Striven was studied at shorter time intervals. In 1926 the 

pattern of changes in the phytoplankton population for Loch Striven was based on
f

weekly visitpom  the greater part of the year. During the years of sampling there was a 

well - marked spring diatom maximum which started at the end of March or the 

beginning of April, which consisted of Skeletonema and Thalassiosira in varying 

proportions, but with Skeletonema usually predominant. The spring increase of 1926
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and 1927 was regular in form, beginning at the surface and sinking gradually into 

deeper water, with the maximum at 5 fathoms occuring a week after the maximum at 

the surface, and the maximum at 10 fathoms a week later. The spring increase of 1928 

was of quite a different type, being much less regular. It began while a vertical mixing 

was still going on and the diatoms increased in numbers simultaneously down to a 

considerable depth instead of only at surface as usual. The maximum total number of 

algal cells was recorded at the beginning of April on the 10th, and between the 10th and 

11th the numbers were doubled at the surface (16.700 to 33 milion cells. 1-1) and 5 

metres (6.900 to 16.4 million cells. 1-1). At the beginning of May a small wave of 

Skeletonema appeared (2.5 million cells. 1-1), followed by a second and larger wave of 9 

million cells. l"l. The maximum number of Thalassiosira cells (500.000) was recorded 

at the end of May. During early June diatoms were very scarce until the 29 June when 

there was a sudden appearance of 3 million at the surface. The following week this rich 

layer was found at 10 fathoms, while at/surface and 5 fathoms diatoms were scarce. 

The diatoms were mixed, Cerataulina bergoni, Skeletonema costatum and Chaetoceros 

spp forming the majority. From the end of July there followed a series of diatom 

increases which lasted till the middle of September. During this period a pulse of 

Nitzschia seriata at the end of July was followed by Leptocylindrus danicus at the 

beginning of August. At this time the surface samples contained practically nothing but 

Leptocylindrus, the 5 fathom sample a mixture of Nitzschia and Leptocylindrus, and the 

10 fathoms and samples below only Nitzschia was observed. Also observed in numbers 

during this period was EiT^ampia zoodiacus. At the beginning of October a small 

number of Rhizosolenia setigera was observed, with subsequent peak of Skeletonema, 

Other important diatom species were observed during this period, of which the most 

imponzdMy^treChaetoceros sociale, Thalassiosira nordenskioldii and T. gravida.

The occurrence of dinoflagellates throughout the years was irregular, and they were 

never numerous except in the surface layer. The larger dinoflagellates, including 

Ceratium spp and some species of Protoperidinium had their m axim a usually in
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August, but the distribution of some of the photosynthetic Protoperidinium sp. (e.g P. 

triquetrd) was less regular.

The detailed study carried out in the Fairlie Channel by Hinton (1974) for a period of 

one year, from the beginning of August, 1972 until the end of August, 1973 showed 

that the maximum nutrient levels were recorded during winter at the time of low algal 

biomass; Phosphate phosphorus values generally exceeded 1 pg at P. T  ̂ from 

November till the middle of March, with a maximum of 1.6 in January; For nitrate 

nitrogen the maximum of 23.7 pg at N. 1"! was found at the end of January, 1973, 

whilst the maximum for dissolved silica was 14.95 pg at Si. 1*1. Throughout the period 

of this study the nutrients showed a similarity in never being reduced to undetectable 

levels, including the values recorded during the summer minimum and in having a 

larger winter maximum than other areas. The seasonal cycle of phosphate showed 

fluctuating levels in August, 1972 rising to a maximum in September followed by a 

marked reduction in early spring, 1973, associated with the spring diatom increase. 

During spring and summer the levels fluctuated between 0.25 and 0.6 pg at P. I 'k  

During the spring of 1972 the phosphate changes W£?/î?similar but occured about a 

month later, and the minimum was slightly lower, 0.18 pg at P. 1"̂ .

The seasonal pattern of dissolved silica was regular in the Fairlie Channel, although a 

much more irregular seasonal distribution was found in the English Channel by 

Raymont (1963). Low, fluctuating summer levels oi the beginning of August, 1972 

changed into a period of increase towards the latter half of the month reaching an early 

autumn maximum of around 6 pg at Si. 1-1. Also Cooper (1933) in the English Channel 

has recorded a marked regeneration of this nutrient in some years in August, which he 

attributed to the more rapid regeneration and cycling of this nutrient, due to the 

dissolution of dead diatom values, both in surface and bottom waters. At the end of 

September a marked fall in silicate levels was recorded, which was short - lived. 

Similar to phosphat^the winter silicate increase started in October reaching highest
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levels from December onwards. A sharp decrease in dissolved silica levels was 

recorded in early spring (middle of March) caused by the utilization ^  diatom^reduced 

this nutrient to 0.5 pg at Si. 1-1 within days. During the rest of spring and summer with 

the exception of the distinctive rise in April, dissolved silica levels remained low 

(below 4 pg at Si. 1-1). In the spring of 1972 dissolved silica utilization began at the 

same time as in 1973, although the rate of development was much lower with minimum 

levels (0.21 pg at Si. 1-1) not being reached till the end of April.

t
The nitrate + nitrjje nitrogen showed a clear seasonal pattern although short - term 

fluctuations were considerable. Varying levels in August, 1972 gave way to a steady 

rise in September along with the increase of phosphate phosphorus and dissolved silica. 

The depletion of nitrate nitrogen during the latter half of September accompanied the 

autumnal rise in phytoplankton, after which nitrate levels increased, exceeding 10 pg at 

N. 1-1 by the end of November, and the maximum level was not reached till February, 

which two months later than when phosphate and silicate approached their maximum 

levels. Bames (1957) indicated that nitrate showed a longer regeneration period than 

phosphate and silicate in temperate coastal waters. Hinton (1974) stated that a 

remarkable feature of the winter variation of nitrate is its wide range of fluctuations, 

with extreme values of 6 to 23.7, also he stated that during the winter period (low algal 

biomass) the changes in nutrients are mainly due to non - biological enviromental 

factors, whilst during spring and early summer the changes in nutrients were more 

associated with the rise and fall of phytoplankton populations and other biological 

activity.

The quantitative aspects of the changes in standing crop in terms of total number of 

algal cells, chlorophyll a levels and total particle volume using a Coulter Counter were 

also discussed. Hinton (1974) stated that the three estimates closely parallel one 

another, each showing simultaneous pulses related to increasing biomass. The highest 

values for all three measurements were recorded in early spring (23 March) when the
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total number of algal cells exceeded 11 million cells. I 'l, chlorophyll levels reached 

0.83 pg. I'l and the total particle volume reached 7.2 x 10^ cubic micrometres (pm3) 

per litre. Similar results were obtained by Butler et M (1970), in the spring outburst of 

1969, in which the maximum total number of algal cells was 12.5 million cells. 1"̂  of 

which the prominé'nt species was Thalassiosira and chlorophyll level was 0.6 pg. I 'k  

Following the spring diatom increase, two peaks of total phytoplankton counts were 

observed in June, the first at the beginning of the month, with about 3 million cells. 1-1, 

chlorophyll level of 0.5 pg. 1*1 and total particle volume of 1.3 x 10^ p3. 1-1. The 

second burst occured at the end of the month, in which slightly higher than 2 million
O'

cells. 1-1 were counted, with a total particle volume of 4 x 10^ p3. 1-1 an<^chlorophyll 

peak, 0.66  pg. 1-1, which was greater than that recorded during the first pulse, which 

may have resulted from the changed species composition of the population. A further 

pulse was recorded at the end of July, in which the total number of algal cells was 1.4 

million cells. 1-1. From August onwo^ds the higher magnitude of pulses was recorded, 

which was clearly shown in 1972, when the total number of algal cells reached a 

maximum of 2 million cells. 1-1. In the autumn pulse recorded in September the total 

number of algal cells rose to around 3 million cells. 1-1 with a corresponding total 

particle volume of 4.3 x 10^ p3. 1-1. The pa ttern of seasonal succession of 

phytoplankton studied by Hinton (1974) in the Clyde Sea area including the Fairlie 

Channel showed a clear similarity to that described by Marshall and Orr (1927) for loch  

Striven. Hinton (1974) found that during the spring diatom increase in the years 1972 

and 1973 the dominant diatom species was Skeletonema costatum, accompanied by 

smaller numbers of Thalassiosira nordenskioldii, which constituted one - tenth of the 

total population in 1972 and one - third in 1973. In the first year the spring outburst 

occurred at the beginning of April, whilst in the second year the increase was almost 

over by the end of March. During the spring diatom increase the water temperature was 

Raymont (1963) showed that Skeletonema can reach great abundance in nature at a 

wide range of temperature(between 2 and 9^C) and was not temperature dependent. The 

accompanying diatoms were generally Thalassiosira, Nitzschia seriata and Nitzschia
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closterium. In all bodies of water examined in spring, 1973, except for Gare loch, small

numbers of Protoperidinium spp were presen^reaching about 4000 cells. I 'k  A visit by

Hinton to Loch Striven on 15 March, 1973, a week prior to the spring diatom increase

in the Fairlie Channel, showed that the spring outburst had reached its peak; the total

number of algal cells exceeded 13 million cells, in the upper 2 metres and a

reduction in nutrient levels was recorded, nitrate to 1.61 pg at N. 1’ ,̂ phosphate to 0.44

pg at P. I 'l and silicate to 1.27 pg at Si. I k The dominant species was Thalassiosira

nordenskioldii (80% of the total biomass), instead of S. costatum being the dominant

organism, which is unusual for loch Striven. Butler et M (1970) recorded the

predominance of Thalassiosira in the inner firth duringjspring diatom increase of 1969.

Hinton (1974) stated that following the early spring diatom increase in the Clyde Sea

area Thalassiosira, Skeletonema and Nitzschia seriata produced another pulse during

May, 1973 whilst in 1972 Skeletonema and Thalassiosira(^^succQQdod by Chaetoceros 
hiik

cinctum t( bea/ime the dominant organism at the beginning of May. Following a third 

pulse of Thalassiosira in June in the Fairlie Channel (1973) the population become 

dominated by Chaetoceros cinctum. The same pattern of succession was described by 

Hasle and S may da (1960) who showed that Chaetoceros usually succeeded 

Thalassiosira in OsloQord. The same pattern of succession to 1972 was mentioned by 

Marshall and Orr (1927) for Loch Striven where the late spring populatior^made up of 

Skeletonema and Chaetoceros cinctum. During the summer the number of flagellates 

increased and there is more diversity in species composition. The dinoflagellates occnraci 

irregularly throughout the yea^mainly the species Protoperidinium triquetra with a 

summer maximum in both years. During August the common species were Ceratium 

tripos, C.furca  and Dinophysis sp. Increased diversity/obtained during the late sum m e^ 

mainly of Chaetoceros species with the appearance of C. diadema, C. sociale and C. 

simplex. During the autumn diatom increase in 1972 the common species were 

Leptocylindricus danicus and Eucampia zodiacus while during this period there is no 

increase in Skeletonema or Thalassiosira whilst there an increase in Nitzschia seriata.
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Comparable results were obtained from the studies carried out by Jensen and Sakshaug

(1973) in Trondheim fjord and Jones (1979) in Loch Creran, Those results showed that 

the spring populations were dominated by Skeletonema costatum with smaller numbers 

of Thalassiosira gravida, T. decipiens and Chaetoceros debilis or C. sociale.

The detailed survey carried out by Hannah (1979) in the Fairlie Channel during 1976 

and 1977 showed a close similarity with the survey carried out by Hinton (1974) in the 

same area. The nutrient levels found were similar to those obtained by Hinton (1974), 

although the minimum values recorded for all three nutrients in 1977 were higher than 

those found in either the previous year or in 1974. The maximum nutrient levels were 

recorded during winter of which the highest were those found in 1976; phosphate levels 

were above 1 pg at P. l‘i; ^ o r nitrate nitrogen the maximum was 17.9 pg at N. l"k 

whilst for dissolved silica the maximum was 13.1 pg at Si. l*k The seasonal cycles of 

all three nutrients showed that the minimum values were recorded during late spring 

and early summer.

The seasonal pattern for dissolved silica showed high levels during the winter months 

until early March with quantities ranging from 6.9 to 13.1 pg at Si. I 'k  During the 

spring diatom increase the dissolved silica levels decreased rapidly, from around 7 pg at 

Si. I 'l during March 1976 to around 3 pg at Si. I'l during April. After the main period 

of the spring outburst the levels were further reduced reaching a minimum of 0.21 pg at 

Si. I'i on 5 May. The levels remained low over summer and then gradually increased 

from September onwards. In the following year, dissolved silica levels remained high 

until mid - April when a decline from 6.3 pg at Si. on 21 April to 0.95 pg at Si. 1'̂  

was observed within a week.

The seasonal pattern of nitrate nitrogen showed that the decrease during the spring 

outburst from the high winter values was more gradual than that of dissolved silica. In 

1976, the high winter values did not start to decrease until 8 April, declining from 17.9
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pg at N. I-l to 4.75 pg at N. 1"̂  in the middle of May. A brief increase in nitrate levels 

was recorded at the end of May, after which low levels were found, reaching a 

minimum of 0.75 pg at N. l'^ in the middle of July. From September onwards, values 

increased reaching a maximum level of 21.9 pg at N. I 'l on 17 February. In the spring 

of 1977, nitrate levels decreased from 13.3 pg at N. 1‘1 on 21 April to 4.5 pg at N. I'l 

on 28 April, succeeded by an increase until 12 May and followed by a gradual decrease 

to reach a minimum of 1.24 pg at N. i’l on 21 July.

The seasonal cycle of phosphate showed that during the spring diatom increase in early 

April 1976, there was a drop from 1.78 pg at P. I'l on 8 April to 0.8 pg at P. I'l on 15 

April, wW/pthe levels continued to decrease until 29 April when there was a slight 

increase, after which the levels gradually decreased reaching a minimum value of 0.12 

pg at P. I'l on 24 June. Levels rose during autumn and remained high over winter. Uie 

following decrease during the spring diatom increase of 1977 was not pronounced, with 

levels dropping from 0.97 pg at P. I'l on 21 April to 0.51 pg at P. I'l on 28 April, with 

the levels remaining around this value for most of the summer with a recorded 

minimum of 0.31 pg at P. I 'l on 21 July.

Similarly Hannah and Boney (1983)and Boney (1986) stated that the autumn and winter 

build - up of all nutrients was evident and there was a marked decline in nutrient levels 

during the spring diatom increase mainly at late March and early April, the decline of 

dissolved silica being the mt^ striking. Variable levels were obtained during the 

summer months, with the maximum levels recorded during the winter.

The standing crop levels were discussed by Hannah (1979) in terms of chlorophyll and 

carbon fixation. The changes in chlorophyll were closely paralleled by the changes in 

the amounts of carbon fixed. The total chlorophyll levels recorded by Hannah (1979) 

during the different seasons were of similar magnitude to those found by Hinton (1974). 

Also discussed by Hannah (1979) was the phytoplankton composition of the algal

16



population. During the spring diatom increase of 1976 the population was dominated 

by Skeletonema costatum with Thalassiosira nordenskioldii and Nitzschia seriata being 

present in large numbers. Chlorophyll and productivity levels began to rise rapidly 

between 25 March and 31 March. The annual recorded maximum for photosynthetic 

activity was found on 8 April (44 mg C m*3. h 'i)  and maximum chlorophyll four days 

later on 12 April (10.51 mg m-3). After this increase, both the chlorophyll and 

productivity began to decrease. During the summer an ibrease in the total number of 

algal cells was observed, which probably caused the incr^se in chlorophyll (6.04 mg 

m3) and photosynthetic output (47.8 mg C m‘3. h 'l). Chaetoceros spp succeeded
i

Skeletonema as the dominant diatom species in the surface samples wh|st Skeletonema

remained dominant at 5 and 10 metres depth. Rhizosolenia deliculata began to appear

in numbers from 24 June, several dinoflagellate species including Ceratium furca, C.

tripos and Dinophysis sp. On 9 July high chlorophyll (7mg m~3) and productivity

levels (66.6  mg C m-3. h’i) were recorded, which were caused by a large in<^ease in

diatom numbers. The most prominent species were Thalassiosira spp., Chaetoceros

spp., Rhizosolenia deliculata and Guinardia flaccida. In mid - July, the diatoms were

succeeded by dinoflagellates, including Dinophysis acuta which was common,

Protoperidinium spp., Ceratium fusus and C. tripos. Chlorophyll levels at this time

ranged from 0.5 to 1.5 mg m-3. At the end of July diatoms re-established as the

dominant fraction of the population, with Ceratulina pelagica present in large numbers,

also Chaetoceros spp., Thalassiosira spp., and Rhizosolenia deliculata; also observed

were non - thecate dinoflagellates. During autumn, in September the algal population
cù

was made up mainly of Leptocylinjrus danicus and Chaetoceros spp., with non - thecate 

dinoflagellates and green flagellates. During the early part of this month reasonably 

high surface carbon fixation (20.6 mg C m-3. h-1) and chlorophyll level>’(2.97 mg -m3) 

were recorded on 9 September. By the end of this month and into October the surface 

chlorophyll level was below 0.5 mg m-3. At this time green flagellates, cryptomonads 

and non - thecate dinoflagellates were observed. During wintep minimum carbon 

fixation levels were found (less than 1 mg C m-3. h 'l on occasions at the surface) with
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lower levels at deeper waters. The average chlorophyll value during November and 

December was 0.27 mg m-3. The spring diatom increase of 1977 was later in 

commencing than in 1976, whilst chlorophyll surface levels remained at approximately 

0.5 mg m-3 until 14 April when the surface quantities rose to 1.25 mg m-3 with a 

further increase to 4.76 mg m-3 on 21 April, and with a carbon fixation level of 15.5 mg 

C m-3 h-k The maximum chlorophyll and photosynthetic activity levels were lower 

during the spring increase in 1977 than in the previous year and instead of a sharp 

increase and decline over a short period, the increased levels persisted into May longer 

than in 1976. Skeletonema costatum  was the dominant species, followed by 

Thalassiosira nordenskioldii and Chaetoceros spp. Also common was Nitzschia 

seriata. Throughout May Skeletonema remained dominant with smaller numbers of 

Thalassiosira and Chaetoceros. During the summer months a much more mixed 

population was observed. Thalassiosira spp succeeded Skeletonema as the dominant 

species, also found in large numbers was Chaetoceros spp. Also observed were 

Nitzschia closterium , N. seriata, Leptocylindrus danicus, Protoperidinium spp and 

flagellates which included representatives of the classes Prasinophyceae, Chlorophyceae 

and Prymnesiophyceae. Chlorophyll and carbon fixation levels were generally low 

ranging from 1 - 2 mg m-3 and 5 - 1 3  mg C m*3. h i with the exception of a  clear 

increase on 8 June (chlorophyll - 4.83 mg m-3). During July and August productivity 

and biomass levels were generally high. During this period the most common diatoms 

were Chaetoceros spp and N. seria ta , Skeletonema and Thalassiosira spp being of 

lesser importance. Also observed were a small number of dinoflagellates. During 

autumn a large increase in the algal population was observed on 22 September, which 

was reflected into the high chlorophyll (7.8 mg m-3) and high carbon fixation levels 

(55.7 mg C m-3. h 'l). Most of the population was made up of N. seriata accompanied 

by Skeletonema , Thalassiosira , Rhizosolenia and Eucampia zodiacus. From October 

onwards the levels of phytoplankton activity in terms of biomass and productivity 

decreased.
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The phytoplankton community covers a wide range of size and shape. The traditional 

studies dealt with the phytoplankton community as one unit, emphasizing the role of 

diatoms and dinoflagellates in the primary production. Most of those studies used net 

sampling methods to assess populations and biomass. Lohmann (1903) stated that an 

unknown part of the algal biomass was not retained by the nets, due to the fact that 

those cells were too small, and he r e t i r e d  to them as the "nanoplankton", whilst the 

algal cells retained by the nets were the "netplankton". Several schem's have been 

proposed for the classification of phytoplankton according to size. The system used in 

this study was that proposed by Dussart (1965), in which the netplankton category 

includes cells with size >20  pm, with no distinction between microplankton >20  <200 

pm, mesoplankton >200< 2000  pm and megaplankton >2000  pm, whilst the 

nanoplankton is considered to consist of cells >2<20  pm, with no distinction between 

nanoplankton and ultraplankton. In this study the organisms retained by 100 pm, 50 

pm and 20 pm mesh net represented netplankton category; organisms retained by 10 

pm, 5 pm mesh net and 0.45 pm millipore filter represented the nanoplankton category, 

this fraction also including the picoplankton (0.2  - 2 pm).

Steeman Nielsen (1938), Atkins (1945), Harvey (1950), Knight - Jones and Walne 

(1951) and Davies (1956) demonstrated that a large proportion of the phytoplankton 

population was too small to be retained by plankton nets.

Ballantine (1953) assessed the six methods available at that time for estimating the 

nanoplankton component and concluded that cell counts of water samples concentrated 

by centrifugation gave the most reliable results. The use of chlorophyll determinations 

provided accurate method of assessing the size fractions of phytoplankton populations 

(Richards and Thomson, 1952). Since its introduction (Steemann Nielsen 1952) the 

technique has become a principal method for estimating phytoplankton 

productivity. From the beginning, experimenters have size - fractionated natural 

populations to estimate the productivity of the size classes (e.g. Steemann Nielsen and
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Jensen 1957). The usefulness of size fractionation depends on two key assumptions: 

first, that the size classes reflect meaningful floristi<^trophodynamic, or physiological 

groupings; and second, that the mechanics of size fractionation induce no adverse 

changes in the property or process of interest (i.e. screened cells are or act the same as 

unscreened cells). The first assumption appears valid. Results from several studies 

indicate that floristically or ecologically useful separations can be made by careful 

choice of screen type or pore size (Berman 1975; Sieburth et al- 1978; Furnas 1983). 

The second assumption is harder to validate. It is generally assumed that gently 

screened cells behave as unscreened cells and that differences between measured rates 

of carbon uptake in pre- and post- screened treatments reflect rates of predation (Li

1984) or heterotrophic carbon transfer within aquatic microbial assemblages (Larsson 

and Hagstrom 1982; Ward 1984). Tests of screening effects on production rates have 

been limited to parallel comparisons between pre- and post- fractionated samples 

(McCarthy et al. 1974; Takahashi and B ig^ng 1983; Smith et al. 1985). Data from 

experiments done in tropical and subtropical waters generally indicate that prescreening 

depresses l^C uptake (Herbland and Le Bouteiller 1981; Platt et al. 1983; Takahashi 

and Beifang 1983), but some results from temperate waters indicate stimulation 

(McCarthy et al. 1974; Li 1984). In notes published by Furnas (1987), about the effects 

of prescreening on on productivity of size - fractionated phytoplankton, it is stated that 

prescreening of natural phytoplankton populations reduced biomass-specific primary 

productivity, as measured by incorporation of [l^C] bicarbonate. Incorporation of 1"̂ C 

by prescreened populations in light bottles decreased relative to unscreened populations 

while assimilation of l^C increased in dark bottles. These trends were less pronounced 

in populations collected from the base of the euophotic zone. The magnitude of the 

screening effect was inversely related to pore size of the screen with ultra- (<5 pm) and 

picoplankton- (<2 pm) sized algae being effected most strongly. Prescreening through 

10 pm nylon netting had relatively minor impact on estimates of chlorophyll - specific 

productivity.
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The ecological significance of net and nanoplankton categories lies in the role of cell 

size in phytoplankton community dynamics. Typically^ small cells have shorter 

generation times and higher growth rates in a given environment than do larger cells, 

presumably owing to the high surface area - to - volume ratios of smaller cells (Odum 

1956 and Williams 1964). In addition, the relative levels of nanoplankton and 

netplankton productivity and standing crop should be reflected in the distributions and 

abundances of herbivores that selectively graze one group or the other (Mullin 1963). 

The investigations in both temperate (Yentsch and Ryther 1959; Gilmartin 1964; 

Anderson 1965) and tropical waters (Steemann Nielsen and Jensen 1957; Holmes 1958) 

have demonstrated that nanoplankton are often responsible for 80 - 99% of the observed 

phytoplankton productivity. Spatial netplankton - to - nanoplakton transitions can 

occur in response to transitions in temperature, water - column stability and nutrient 

availability and significantly impact algal photosynthetic responses (Malone, 1981). 

The development of phytoplankton communities dominated by nano and picoplankton - 

sized algae often are accompanied by a floristic shift from diatoms and dinoflagellates 

towards cyanobacteria and microflagellates (Malone, 1981; Glover et al., 1986). 

Compared to netplankton, these smaller phytoplankton are reported to have increased 

assimilation rates, photosynthetic efficiencies and cell - division rates (Malone, 1981;

Geideret al- 1986).

The studies carried out by Lund(1961) and Findenegg(1965) of fresh water lakes in 

England and Switzerland found that in the oligotrophic lakes where the overall 

production was low the nanoplankton fraction dominated the population. 

Findennegg(1965) stated that generally the nanoplankton fraction assimilated more 

carbon per unit biomass than did larger diatoms or blue - green algae. The same 

findings were stated by Rodhe(1958). In the eutrophic condition, although the 

nanoplankton population make a significant contribution to the biomass and 

productivity, it is less important than that in the oligotrophic situation. Kalff(1972) 

found that in a eutrophic lake in Quebec, Canada, the algal cells <64pm contributed 9ù^-
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99% of the total algal biomass and around 75% of the productivity, while cells <20pm 

contributed 50%of the productivity. Gelin(1975), found that 50% of the productivity 

was accounted for by the <20pm fraction of the phytoplankton, in a study of a Swedish 

lake.

The contribution of the nanoplankton fraction to the photosynthetic output in marine 

tropical waters has been studied by Steemen Nielsen and Jensen (1957), Teixeria 

(1963), Saijo (1964), Sumitra Vijayaraghawan, Joseph and Balachandran (1974), Pant, 

Bhargava and Goswami (1976), Malone (1971a) and Beers, Reid and Stewart (1975). 

In the temperate waters the contribution of the nanoplankton population to the total 

photosynthetic activity has been documented by Yentsch and Ryther (1959), Holmes 

and Anderson (1961), Gilmartin (1964), Malone (1971b), McCarthy, Taylor and Loftus

(1974), Garrison (1976) and Revelente and Gilmartin (1976).

The contribution of the nanoplankton population to the total organic productivity in 

colder waters has been documented by Digby (1953), Kawamura (1960), Reynolds 

(1973), Fay (1975) and Throndsen and Heindal (1976). The results from these studies 

are summarised in Table 1.1.

The comparison between the different studies in Table 1 was difficult, due to the 

widely different mesh sizes used to separate the netplankton from the nanoplankton (5 - 

110pm). Generally the nanoplankton population often accounted for between 50 to 

100% of the total algal biomass and total productivity. The netplankton population was 

dominant in neritic habitats where generally nutrient - rich waters were found (Digby, 

1953; Steemann Nielsen and Jensen, 1957; Subrahamanyan and Sarma, 1965; 

Malone, 1971b). The nanoplankton fraction was dominant in oceanic environments 

where the nutrient levels were low (Malone, 1971a; Beers et M, 1975). Malone 

(1971a) noted that the mean photosynthetic activity of the nanoplankton population did 

not show a significant variation between oceanic and neritic environments whilst in the 

case of netplankton population a significant increase in productivity levels were found
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in neritic areas, therefore the higher productivity levels associated with neritic areas was 

mainly due to the increase in netplankton.

From the different data it is quite apparent that the nanoplankton fraction represented 

the more stable component of the phytoplankton population, also it is less effected 

the seasonal fluctuations observed with the netplankton (Yentsch and Ryther, 1959; 

Teixeira et 1967). Considerable seasonal variations in the nanoplankton biomass 

were observed (Kalff, 1972; Sumitra Vijayaraghavan et al, 1974).

The assimilation number (mg C / mg chlorophyll a . h-1 at light saturation, as defined 

by Yentsch and Ryther, 1959) when used as an indicator of growth rates of 

phytoplankton population indicated that the assimilation number for the nanoplankton 

size fractions was higher than that for the netplankton fractions (Saiyo and Takasue, 

1965; Malone, 1971; Gelin, 1975) indicating higher growth rates. On some occasions 

there is no significant differences between the mean assimilation numbers of the 

different size fractions (e.g Durbin et al, 1975).

These higher growth rates for the nanoplankton population can be associated with the 

higher surface area to volume ratios. Generally the small cells have shorter generation 

times and higher growth rates (Williams, 1964; Findenegg, 1965; Eppley and Sloan, 

1966; Eppley and Thomas, 1969; Eppley et W, 1967; Banse, 1976). Under stratified 

conditions the high surface area to volume ratios increases the bouyancy which
M*

facilitate the suspension of the cells which in increase^ the time spent by the 

nanoplankton size fractions in the euphotic zone (Munk and Riley, 1952; Smayda and 

Boleyn, 1966; Eppley et al, 1967; Smayda, 1970).
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Table. 1. 1. Contribution of the nanoplankton to the total standing crop and productivity in different 
localities: values expressed as % of the total phytoplankton.

Locality and 
latitude

Size range 
Max (pm)

Nanoplankton as % of total

No. of cells Chlorophyll Ĉ '* uptake Reference

Tropical waters 
Temperate & 
tropical waters

50 94% oceanic Steeman, Nielsen 
& Jensen, 1957

Equatorial 
Atlantic 0 °

65 77% 90% Teixeira, 1963

Indian ocean 
lOO N - 200 S

no
5

95%
22 - 49%

Saijo, 1964

Indian costal waters 
- Cochin 10® N

50 4 - 58% 50 - 93% 36 - 94% Sumitra
Vijayaraghavan 
etal, 1974

Indian costal waters 
Porto Novo 12° N

20 33 - 100% RamadhasgtaL
1975

Goa waters 
India 15° N

60 >90% >90% >90% Pant gi al, 1976

Tropical Pacific 
5° N - 25° N

22 66 - 100% 80 - 100% Malone, 1971b

Peru current 
10°S - 10°N

22 80 - 96% 87 - 99% Malone, 1971b

North Pacific Gyre 
28° N

20 99% Beers et al, 1975

Temperate waters 
Vineyard sound 
41° N

65 91% 92% 98% Yentch & Ryther, 
1959

Puget sound 
48° N

35 >50 - 90% Holmes & Anderson, 
1961

British Columbian 
fjord 49° N

56 >90% Gilmartin, 1964
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Locality and 
latitude

Size range 
Max (pm)

Nanoplankton as % of total

No. of cells Chlorophyll Ĉ "* up take Reference

Monterey Bay 
35° N - 50° N 
35° N - 50° N

22

22

60 - 90%

up to 82% 
(6% in upw- 
elling per
iod)

60 - 90%

up to 95%
■ (7% in upw- 

elling per
iod)

Malone, 1971a 

Garrison, 1976

Chesapeake Bay 
37° N - 39° N

35
10

93%
81%

100%
94%

McCarthy 
el ml, 1974

Chesapeake Bay 
37° N - 39° N

10 81 - 88% 65 - 75% Van Valkenburg 
& Flemer, 1974

Narragansett Bay 
45° N

20 47% 51% Durbin gl aL 
1975

Northern Adriatic 
45° N

20 74 - 88% 62 - 76% Revelante & 
Gilmartin, 1976

Colder waters 
Ocean Weather stat- 10 
ion (P) - Pacific 50° N

75% McAllister et al, 
1960

North Pacific & Ber- 110 
ing Sea 45° N - 60° N

44 - 84% Kawamura,
1960

North Sea - South 
Bight 51° N - 52° N

50 43% Mommaerts, 1973

Barents Sea 
62° N - 82° N

25 55 - 90% Reynolds, 1973

Tromso, Norway 
60°N

20

5

7% (Summer) 
85% (Winter) 
6% (Summer) 
73% (Winter)

Throndsen & 
Heindal,
1976

Antarctic Sea 
45° S - 79° S

35 73.9% 72.5% Fay, 1973
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The grazing carried out by herbivores was of importance in affecting the size 

distribution of the phytoplankton. The nanoplankton fraction appean;to be grazed 

mainly by planktonic invertebrate larvae and microzooplankton (Cole, 1936; Bruce et 

al, 1940; Thorson, 1950; Beers and Stewart, 1969; Parsons and Le Brasseur, 1970). 

Herbivorous copepods selectively graze on the larger netplankton fraction (Marshall 

and Orr, 1955; Mullin, 1963; Conover, 1966; Richman and Rogers, 1969; Richman 

e tg ,  1977).

The relationship between chlorophyll ^  specific photosynthesis and light intensity 

follows saturation kinetics and can be specified in terms of saturated photosynthesis and 

photosynthetic efficiency at low light intensity (Platt et al, 1977). Although it has been 

argued that photosynthetic efficiency (Dunstan, 1973; Bannister, 1974) and saturated 

photosynthesis (Ryther, 1956; Ryther and Yentsch, 1958) can be considered constants 

independent of species and environmental conditions, it appears that both parameters 

vary significantly (cf. Platt and Jassby, 1976).

Chlorophyll a concentrations tend to be better correlated with surface area(han with 

either volume or number of cells (Paasche, 1960; Smayda, 1965) so that chlorophyll a 

volume can be inversely related to cell size (Eppley and Sloan, 1966; Eppley et al, 

1969; Taguchi, 1976). Thus, photosynthetic efficiency and saturated photosynthesis 

have been found to be inversely related to cell size (Taguchi, 1976), and variations in 

photosynthetic efficiency and saturated photosynthesis for natural assemblages of 

phytoplankton populations could reflect the size distribution of phytoplankton cells 

(Eppley, 1972; Platt and Jassby, 1976).

However, the size - dependency of photosynthetic parameters is modified by 

environmental effects. Platt and Jassby (1976) found that photosynthetic efficiency was 

correlated with incident solar radiation when averaged over 3 days while saturated 

photosynthesis was correlated with temperature. Saturated photosynthesis has been
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reported to vary with nutrient concentration (Curl and Small, 1965; Thomas, 1970; 

Malone, 1971a; Takahashi et d ,  1973), temperature (Durbin et al, 1975; Malone, 

1976, 1977a), light history (Jorgensen, 1969; Beardall and Morris, 1976) and time of 

day (MacCaull and Platt, 1977).

Size and environmental effects are complicated by the ability of cells to store 

environmental information. Factors such as temperature, nutrient status of cells and 

light history can influence photosynthetic efficiency and saturated photosynthesis ,(the/y
Co^CCvihri'Ji'oi’\

effects on chlorophyll a ^  and concentrations of accessory pigments (Eppley and 

Sloan, 1966; Halldal, 1970; Thomas and Dodson, 1972; Eppley, 1972; Yoder, 1979). 

Since chain - length as well as cell size can infuence the environmental history of cells 

(Malone, 1971b, 1977b; Malone and Chervin, 1979), it follows thaV chain forming 

diatoms might exhibit photosynthetic characteristics that are different from those of 

solitary cells even if cell size is similar.

Malone and Neale (1981), in their study of parameters of light - dependent 

photosynthesis for phytoplankton size fractions in temperate^ estuarine and coastal 

environments (Hudson Estuary, plume of the Hudson River, and offshore in the region 

of the shelf - break) reported that the photosynthetic parameters (saturated 

photosynthesis and photosy nthe f/Y efficiency at low light intensity) for netplankton 

(>22  pm) and nanoplankton (<22pm) varied over similar ranges but exhibited different 

seasonal and geographic patterns of variation. Nanoplankton photosynthetic efficiency 

was relatively constant (0.06 mg C [mg Chi. h]’l [pE m‘2 s 'l]-l), but saturated 

photosynthesis (mg C [mg Chi. dJ-1) was an exponential function of temperature 

independent of nutrient concentration and vertical stability in the euphotic zone. The 

temperature function gives a saturated photosynthesis of 24 at 25^ c for nanoplankton 

growing in the estuarine environment characterized by high nutrient concentrations and 

a shallow stratified euphotic zone. Variations in netplankton photosynthetic efficiency 

and saturated photosynthesis were less predictable and were not correlated with 

temperature, nutrients or vertical stability. Chain forming diatoms with small cells
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were able to achieve high photosynthetic efficiencies (0.1 to 0.15) and saturated 

photosynthesis (20 to 24) that were 3 to 5 times higher than large - celled diatoms and 

dinoflagellates were able to achieve.

A conflicting report on different aspects of the ecology and the factors controlling the 

distribution of the nanoplankton in many habitats mainly in temperate, estuarine 

environments were unclear, as mentioned by Durbin et al, (1975). Jones and Spencer 

(1970) found that most of the phytoplankton population in the Menai Straits, Anglesey 

was made up of small flagellates and diatoms. During the period of this study the mean 

contribution value to the total standing crop by the netplankton fraction was 13%. 

Holligan and Harbour (1977) found that during the summer period at station E 1 in the 

English Channel, the small flagellates were dominant at surface, whilst dinoflagellates 

were dominant at sub - surface. During and immediately after the spring diatom 

increase the <10 pm cells accounted for more than 50% of the total photosynthetic 

activity. Similar results were obtained by Wood et al, (1973) in Loch Etive, to the 

north of the Firth of Clyde, where the micro - flagellates made a significant contribution 

to the total biomass during the spring increase. A larger degree of abundance for the p 

- flagellates was recorded during autumn and winter. The seasonal cycles of the larger 

phytoplankton species in the Firth of Clyde have been well documented in the works of 

Marshall (1924) and Marshall and Orr (1927, 1930 and 1955) and reviewed in detail by 

Hinton (1974). The seasonal changes in nanoplankton organisms were studied by 

Marshall (in Marshall et al, 1934; Nicholls, 1933) by assessing the numbers of p - 

flagellates present on several occasions in the Firth of Clyde in connection with the 

studies on Calanus finmarchicus grazing. Although present in large numbers at times, 

the nanoplankton was found not to be efficiently filtered by Calanus finmarchicus or its 

larval stages (Marshall and Orr, 1955, 1956).

Hannah (1979) and Hannah and Boney (1983) discussed in detail the changes in 

nanoplankton organisms and their contribution to the chlorophyll a and photosynthetic
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activity in the Fairlie Channel. They stated that the nanoplankton fraction was made up 

predominantly of flagellates of maximum cell size <10 pm, many ranging between 2 - 5 

pm. This fraction formed a stable component of the total phytoplankton population, 

fluctuating in terms of extracted chlorophyll and carbon fixed less dramatically than the 

netplankton fraction. In late autumn, winter and early spring the nanoplankton was the 

major component of the phytoplankton, whilst in spring and summer the diatoms were 

dominant. In the upper 10 metres of the water column the average percentage 

contribution of the nanoplankton was 50% of the total photosynthetic output and 60% 

of the chlorophyll during 1976 and 1977. During winter the nanoplankton population 

accounted for all of the photosynthetic activity.

The reports by Waterbury et al, (1979) and Johnson and Sieburth (1979) of the 

widespread distribution of small marine cyanobacteria and in freshwater (Paerl, 1977), 

must be considered as the beginning of the current upsurge of interest and research on 

small photosynthetic microbes in the sea and fresh water ecosystems. Although these 

reports were the first to show that cyanobacteria were widely distributed, the presence 

of small autotrophic algae has been known for many years. Lohmann (1911) described 

unicellular blue - green algae in marine plankton and Gross (1937) commented on the 

difficulties of establishing cultures of diatoms because flagellates, some as small as 2 

pm, would grow in vast numbers in the enrichment cultures. The early reports by 

Waterbury et al, (1979) and Johnson and Sieburth (1979) were concerned with 

cyanobacteria which were readily identified with epifluorescence microscopy by the 

orange fluorescence due to phycoerythrin. However, it is now known that very small 

euokaryotic algae (<2 pm) are also present in many regions and are true components of 

the picoplankton. There have been many reports on the quantitative importance of 

small phytoplankton cells in various marine provinces, from polar seas to tropics 

(Gieskes et al, 1979; Krempin and Sullivan, 1981; Joint and Pomroy, 1983; Li et al, 

1983; Platt et al, 1983; Takahashi and Bienfang, 1983; Bienfang et al, 1984; 

Douglas, 1984; Takahashi and Hori, 1984; Murphy and Haugen , 1985; Smith et al,
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1985). These small cells have come to be known as picoplankton, which was defined 

by Sieburth et al, (1978) as microbes between 0.2 and 2 pm.

It is generally accepted that the picoplankton is adapted to growth at low light. If this 

generalisation is true, the vertical distribution of picoplankton in different sea areas 

should reflect this adaptation and picoplankton might be expected to be restricted to 

regions such as the pycnocline, where dispersion is reduced and the cells are less likely 

to be advected into surface waters where irrediance is high. However, this does not 

seem to be the case; in their initial report of cyanobacterial picoplankton, Waterbury et 

al, (1979) found highest numbers in the surface waters, Johnson and Sieburth (1979) 

reported very similar cell densities at 50 and 100 metres in the Sargasso Sea and 

Caribbean, but they did comment that a morphologically different cyanobacterium, with 

more closely spaced thylakoids, was only found in samples collected from 100 metres 

in oceanic waters. In warm oligotrophic regions of the oceans , seasonal variations in 

temperature are small and there is a permanent, strong pycnocline; a distinct 

chlorophyll maximum is usually associated with this pycnocline and chlorophyll 

concentrations are often an order of magnitude greater in this layer than in the surface 

mixed layer. Bienfang and Szyper (1981) found that small phytoplankton (<5 pm) 

accounted for more than 80% of the biomass in the chlorophyll maximum in waters off 

Hawaii, In a subsequent study, Takahashi and Bienfang (1983) used 3 pm pore size 

filters and again found 80% of the chlorophyll associated with cells <3 pm. Therefore, 

the subsurface chlorophyll maximum in these waters appears to be dominated by 

picoplankton. However, picoplankton was also present in surface waters (Bienfang and 

Takahashi, 1983) and no information is available to indicate whether there were 

differences in species composition of the picoplankton from the subsurface chlorophyll 

maximum and from the surface mixed layer.

Because of their extremely small size, algal picoplankton have very rapid nutrient 

uptake rates (Friebele et al, 1978; Lehman and Sandgren, 1982; Suttle and Harrison,
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1986). Although Lehman and Sandgren (1982) reported a short - lived (few minutes) 

sustainability of the high uptake rate. Suttle and Harrison (1986) using Synechococcus 

from a coastal British Columbia lake showed little or no reduction of the uptake rate per 

cell in response to increasing cellular-p (permeability) over a period of at least 100 

minutes. If the latter observation is found to be widespread, then the ability to sustain 

high uptake rates while cell quota is rapidly increasing should confer competitive 

advantage in areas where ephemeral pulses of elevated nutrient concentration exist. 

Evidence for such pulsing has been reported for oceanic regions (Holligan et al, 1985; 

Jenkins and Goldman, 1985).

The paper by Gieskes et al, (1979) was one of the first to report significant carbon 

fixation by cells which passed through a 1 pm pore - size sieve. In their study of 

primary production in the North Equatorial Current in the tropical Atlantic, they found 

20 - 30% of I'^C and 43 - 53% of the chlorophyll a passed through a 1pm Unipore 

filter. These measurements were done in 1977 and 1978, before the first publications of 

cyanobacterial picoplankton abundance and Gieskes et al, (1979) did not comment on 

the ecological significance of this fixation. However, it is probable that the l^C fixation 

which passed through the 1 pm pore filter was the result of picoplankton activity. 

Therefore, this early work by Gieskes et al. suggests that 20 -30% of the photosynthetic 

activity in the tropical Atlantic was by cells <1 pm, 16% was by cells <3 pm and 16 - 

31% was by cells 3 - 8  pm.

Li et al, (1983) studied two sites in the tropical Pacific and found that the percentage of 

l^C fixation which passed/a A  pm Nucleopore filter increased with depth. In 

experiments with light - attenuated deck incubators, 20% of l^C fixation in the surface 

waters was by picoplankton <lpm  but this proportion increased with depth and was up 

to 80% of total fixation at the equivalent of 70 metres depth. Field data by other 

workers have shown that picoplankton photosynthesis saturates at low irradiance, with 

maximum contributions to primary production at the base of the euphotic zone (Morris
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and Glover, 1981 and Iturriaga and Mitchell, 1986). In the subtropical Atlantic, Platt et 

al, (1983) also found significant picoplankton production and calculated that 

picoplankton <1 pm was capable of supplying about 60% of the total primary 

production at this open ocean ecosystem west of the Azores. These estimates were 

again based on experiments using l^C and were made on water samples taken from the 

subsurface chlorophyll maximum. Takahashi and Bienfang (1983) found 77 - 82% of 

the total l^C fixation in waters off Hawaii was by phytoplankton <3 pm. Using a 

different approach, Bienfang and Takahashi (1983) estimated specific growth rates by 

following the change in chlorophyll concentration after size fractionation of water 

samples through 3 pm sieves; the prefiltration was designed to remove grazing 

organisms and, hence, any change in chlorophyll concentration should be the result of 

growth of the population on the absence of grazing pressure. The assumptions made in 

this type of experiment are open to criticism because it is difficult to demonstrate the 

total absence of grazing organisms; nevertheless, these experiments suggested that 

picoplankton <3 pm had growth rates equivalent to 1.3 to 2.5 doublings d f  In 

contrast the calculated growth rate of picoplankton from the chlorophyll maximum 

studied by Platt et al. was 0.22 doublings d 'l for the picoplankton <1 pm and 0.07 

doublings d 'l for phytoplankton >1 pm. The differences in the growth rates between 

these two experiments could be attributed to the different conditions under which these 

experiments were carried out. The experiments of Bienfang and Takahashi (1983) were 

carried out on water samples taken from near shore and and incubated at high light (250 

pE. m'^. s 'l) and it is difficult to draw any comparison with the estimate of Platt et al, 

(1983) which indicate a growth rate only 10% of that suggested by Bienfang and 

Takahashi (1983).

Picoplankton production is also significant in temperate waters. In waters of the 

European continental shelf. Joint and Pomroy (1983) found that picoplankton (<1 pm) 

accounted for 20 - 30% of the total productivity in the summer months. Joint et al, 

(1986) have determined rates of primary production for size - fractionated populations
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in waters of the continental shelf and shelf slope of the Celtic sea during all seasons. 

They found that picoplankton (<1 pm) production was greatest during summer (about 

20 to 30% of the primary production), but was always less than that of the small 

nanoplankton (cells 1 to 5 pm), which accounted for most of the primary production 

throughout the year. In winter, picoplankton contributed 13% to the primary 

production, while small nanoplankton contributed 70%. In the eastern Canadian arctic, 

Smith et al, (1985) found picoplankton responsible for 10 - 25% of the primary 

production in late summer. Evidence from Joint and Pomroy, (1983), Douglas, (1984) 

and Joint et al, (1986) indicated that the picoplankton size fraction appears to be less 

important in temperate high latitude waters than in tropical and subtropical waters, 

where it may contribute 60 to 80% of the primary production (Li et al, 1983; Platt et al, 

1983; Iturriaga and Mitchel, 1986).

Krempin and Sullivan (1981) reported the seasonal abundance of cyanobacteria in 

coastal waters off southern California; maximum numbers were found in August when 

the population reached 0.1 x 10^ cells, mk^ and the population minimum was in 

February and March when 7 x ICri cells, m l'l were present. In their study of the 

seasonal primary production in^Celtic Sea by different size fractions of phytoplankton, 

(Joint et al, 1986) reported that the greatest measured monthly production was in the <5 

pm fraction in April when the spring diatom increase occurred in the Celtic Sea 

(Fasham et al, 1983); the production of 18.5 g C. m'2. yr-l in April accounts for almost 

half of the annual production by phytoplankton >5 pm and occurred before the 

develpment of maximum copepod biomass in the area. An estimate of total primary 

production (but excluding dissolved organic carbon production which was about 10 - 

15% of the total fixation) shows that small nanoplankton is most significant in the 

Celtic Sea and fixed about 42 g C. m'^. y r'l (40.7% of the total fixation). Picoplankton 

(<1 pm) fixed 23.1 g C. m‘2. yr'l (22.4% of the total photosynthetic activity) and 

phytoplankton >5 pm fixed 37.9 g C. m'2. y r l  (36.8% of the total photosynthetic out 

put). Picoplankton production was highest in spring, immediately after the spring
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diatom increase and again in August. At both times, nutrient levels were low (nitrate 

<0.1 pmol. 1-1) and chlorophyll a concentrations in the surface mixed layer were <0.5 

mg. m'3. Picoplankton production was low in winter (13 mg C. m'^. d 'l  by cells < lpm , 

out of a total daily production of 99 mg. C. m"^. d“l); small nanoplankton (<5 to >1 

pm) were the most productive fraction in winter (67.4 mg C. m’̂ . d 'l). Similarly Joint 

and Pomroy, (1983) reported that a significant proportion of the total primary 

production in the Celtic Sea (5(P 3Q/N; 07°00/W) has been foundto be due to 

picoplankton and small nanoplankton. In July, August and October, 1982, 20 to 25% of 

the l"lC fixed in primary production was in organisms >5 pm, 35 to 40% was in 

organisms <5 - >1 pm and 20 to 30% was in organisms <1 pm.

Hannah and Boney (1983) working in the nearshore waters of the Firth o f Clyde, also 

found that small nanoplankton was dominant in winter and commented that all the 

carbon fixation in the winter could be attributed to the nanoplankton. Therefore, 

picoplankton production in the temperate waters of the European continental shelf is 

most significant in the summer months in those regions where a seasonal thennocline 

results in long periods of stable surface stratification and when ambient nutrient 

concentrations are low.

Prezelin et al, (1987) have documented the range of variability possible in diurnal 

patterns of size - ffactioned photosynthesis and ilustrated a general view of the size 

dependency in assimilation rates and diurnal patterns. In July 1985, diurnal patterns of 

photosynthesis and pigmentation were characterized for whole water (>0.4 pm) and size 

- fractioned (>5 pm and 0.4 to 5 pm) communities from three light depths sampled 

across a coastal thermal front in the southern California Bight. Variations in 

chlorophyll a and accessory pigment - to - chlorophyll a ratios showed no obvious 

diurnal trend. Timing of peak photosynthesis potential (P -max) and its coincidence 

with variations in light limited rates of photosynthesis (alpha), as well as diurnal 

amplitudes in (P max) and alpha, often differed between size fractions sampled within
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the same community. The same was true for identical size fractions collected from 

different depths and stations transecting the front. Primary productivity was 20 - fold 

greater on the cold water side, where >5 pm diatoms dominated the mixed layer and 

accounted for 80% of the day time productivity. Diatoms collected from the top and 

the bottom of the upper mixed layer displayed nearly identical diurnal patterns in P max 

and alpha. Above the pycnocline, the 0.4 to 5 pm fraction had lower assimilation rates 

than the >5 pm fraction and smaller diurnal amplitudes in P max and or alpha. Within 

the front, the 0.4 to 5 pm fraction accounted for two - thirds of the algal biomass and 

>90% of primary production.

The work presented in this thesis can be divided into two parts. The first part describes 

the seasonal variation of phytoplankton biomass and composition and the seasonal 

changes in the standing crop in terms of chlorophyll a levels and the amount of 

fixed accompanied by a qualitative analysis of the different algal pigments during the 

different seasons; all this in relation with the seasonal changes in nutrient levels and 

weather conditions. The second part was aimed to assess the importance of the 

different size fractions of algal cells including netplankton, nanoplankton and 

picoplankton in terms of the contribution of each fraction to the total primary 

production. The principal aim of this research was to add a further dimension to the 

well - investigated phytoplankton o f the Firth of Clyde.
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2. Materials and Methods 

2.1. Sampling methods:

Sampling was carried out at two station^ 9  and 11/in the Fairlie Channel in the Firth of

Clyde (Figure. 1. 2.). Surface samples were collected by means of a clean plastic

bucket, depth samples 1, 5 and 10 meters as required were collected by means of a 5

litre Van Dorn sampler (see Figure. 2. 1.). Samples were filtered through a plankton

netting with a pore size of 212  pm to remove zooplankton and other large particulate

matter, samples were then transferred to a clean 5 litre polythene container, subsamples
é

from these were taken for d i f ^ n t  analyses. Samples for productivity measurements 

were stored in 1 litre dark polythene bottles. The temperature and salinity 

measurements for the period from 10. 3. 86 till 22. 4. ^87 were made at the times of 

sampling using a combined salinity and temperature probe (Mc5 mark 11) supplied by 

Electronic Switchgear. For the rest of the sampling period the sea surface temperature 

and salinity measurements were obtained from the Marine Station at Millport.

2.2. Nutrient analysis:

2.2.1. Determination of reactive phosphorus:

The principal form of dissolved phosphorus in sea water is inorganic orthophosphate 

which^usually designated as phosphate. In the pH range of sea water orthophosphate 

ions (PO4 "3) are associated as (HPO4 '^) and usually this analytically defined fraction is

described as reactive phosphate.

All the methods for the determination of dissolved phosphate in sea water are based on 

the reaction of the ions with an acidified molybdate reagent to yield a 

phosphomolybdate complex, which is then reduced to a highly coloured blue 

compound. The method used in this study was that described by Strickland and Parsons 

(1972) which is based on the method of Murphy and Riley (1962).
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Figure. 2 ,1 . 5 litres capacity Van Dorn sampler.
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The greatest advantage of using this method in which ascorbic acid used as reductant is 

that the blue phosphomolybdic complex formed is stable for hours and that the colour 

intensity is not influenced by variations in salinity.

This method has a range of measurement which lies between (0.03 - 5 pg at. 1‘1). The 

following reagents were used for the analysis and were prepared as follows:

1)Ammonium molybdate solution: 15 gm of Analar quality ammonium paramolybdate 

(NH4 IMO7O24 . 4H2O dissolved in a distilled water and diluted to 500 ml and then

stored in dark polythene bottle out of direct sun light.

2)Sulphuric acid solution; 140 ml of analytical quality concentrated sulphuric acid was 

added to 900 ml of distilled water. After cooling this solution was stored in a glass 

bottle and was stable indefinitely.

3)Ascorbic acid solution: 27 gm of good quality ascorbic acid was dissolved in 500 ml 

of distilled water. This solution was prepared freshly in small quantities before each 

analysis,

4)Potassium antimonyl - tartrate solution: 0.34 gm of Analar quality potassium 

antimonyl - tartrate [K Sb C4H4 0 y. I /2H2O] were dissolved in 250 ml of distilled

water. This solution was stored in a polythene bottle and prepared every two or three 

months.

5)Mixed reagent: This reagent was prepared by mixing 100 ml of ammonium 

molybdate, 250 ml sulphuric acid, 100 ml ascorbic acid and 50 ml potassium antimonyl 

- tartrate solutions. This reagent was prepared for immediate use and any excess was 

discarded.
Cir

6)Phosphate stan<^d solution: This solution was prepared by dissolving 0.816 gm of 

anhydrous potassium dihydrogen phosphate, KH2PO4, in 1000  ml of distilled water.

This solution was stored in a dark bottle with 1 ml of chloroform; 1 ml of this solution 

contained 6 pg at. phosphate P. 10 ml of this solution was diluted to 100- ml with 

distilled water to make the appropriate standard. This solution was prepared for 

immediate use. Two standards of 5 ml of this diluted solution were prepared in which
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the volumewas made up to exactly 100 ml with distilled water in a 100 ml graduated 

measuring cylinder. This solution has a concentration of 3 pg at P. l"l.

Samples after being collected^brought back to the laboratory and immediately filtered 

under slight negative pressure through Whatman glass fibre filter papers after being 

filtered through a nylon plankton netting with a pore size of 212 pm to remove 

zooplankton and other large particulate matter. After warming the samples to a 

temperature of 20 in a water bath 5 ml of mixed reagent was pipetted to each 100 ml 

of sample and mixed thoroughly. After one hour the extinction was measured for 

samples, standards against blanks of distilled water in duplicate using SP 600 

spectrophotometer at a wavelength of 885 nm using red filter in a Unicam 4 cm glass 

cells.

The amount of phosphate phosphorus measured in microgram atoms per litre (pg at P. 

I'l) from the following formula:

pg at P. 1’  ̂ = Corrected extinction x F 

The corrected extinction was calculated by sué^tracting the mean extinction of the two 

blanks from the mean extinction of the two samples and the factor F was calculated 

from the expression:
3

F = -----------------
Es - Eb

Where Es was the mean extinction of the two standards and Eb was the mean extinction 

of the two blanks.

2.2.2. Determination of reactive silicate (dissolved silica):

Silicon is present in sea water in solution and particulate form. The soluble form of the 

element is orthosilicic acid (H4 SIO4) and silicon present in 5% as ionic form. Because

the polymeric forms of silicic acid are rapidly depolymerized in sea waters (Burton et
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al, 1970), they are unlikely to occur in the sea . Sea waters contain silicon as particulate 

matter in suspension many of these being by the weathering of rocks on land and 

transported to the sea by the rivers or by wind and they include quartz and clay minerals 

and the concentration of suspended matter in the sea varies with geographical location,- 

on average half of it is inorganic. Highest concentrations occur in inshore waters^for 

example, Armstrong (1958) has found 37 - 410 pg. 1'̂  of suspended silica in waters 

from the English Channel^in contrast waters from the east North Atlantic contained only 

20-60 pg. I k

The determination of dissolved silica in sea water depends on the formation of yellow 

silicomolybdic acid. S^het'iûïQ sample is treated with acidic molybdate reagent only 

silicic acid and its dimer react at a good rate. Therefore by using this method we 

measure only the reactive form of silicate.

Since the silicomolybdic acid is unstable and has a low molar absorbtion it is reduced 

to a stable and more absorbent molybdenum blue complex which is measured 

spectrophotometrically. The reduction was carried out with stannous chloride or metol 

- sulphite solution. Phosphate and arsenate produce the same blue coloured complex 

and this is prevented by adding oxalic acid to the reducing agent so any interference 

from phosphate or arsenate is eliminated. The using of metol - sulphite solution as a 

reducing reagent provides a less sensitive method than that when stanr^'p chloride is 

used (Armstrong, 1951). However sensitivity is not of prime importance with silicon 

which is present in large concentration in sea water in comparison with other elements 

such as phosphorus. Metol reagent has some advantages over stannous chloride in 

terms of stability as it is more stable and less temperature and salinity dependent 

(Strickland and Parsons 1972). The method used in this study was based on the 

procedure of Mullin and Riley (1955) as described by Strickland and Parsons (1972). 

This method has a limit of detection between 0.1 - 140 pg at Si. I 'k  Samples were
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filtered before analysis as described on page excluding the use of glass fibre filters. 

The following reagents were used for the analysis and were prepared as follows:

1)Molybdate reagent: 4 gm of Analar reagent quality ammonium molybdate

4H 2O was dissolved in 300 ml of distilled water. 12 ml of

concentrated hydrochloric acid was added with mixing then the solution was made up to 

500 ml with distilled water. This solution was freshly prepared every month.

2)Metol - sulphite solution: 3 gm of anhydrous sodium sulphite, Na2SOg was dissolved

in 250 ml of distilled water then 5 gm of metol (p - methylaminophenol sulphite) was 

added. When the metol was dissolved the solution was filtered through No. 1 Whatman 

filter. The solution was prepared freshly before every analysis.

3)Oxalic acid solution: This saturated oxalic acid solution was prepared by shaking 50 

gm of analytical reagent quality oxalic acid dihydrate (COOH)^. 2H2O with 500 ml of

distilled water. This solution was decanted from the crystals before use. This solution 

was prepared every four months.

4)Sulphuric acid solution: 50% v/v solution was prepared by adding 250 ml of 

concentrated sulphuric acid to 250 ml of distilled water. After the solution was cooled 

down the volume was made up to 500 ml with distilled water.

5)Reducing reagent: This solution was prepared by mixing 100 ml of metol - sulphite 

solution with 60 ml of 50% sulphuric acid solution and the volume was made up to 300 

ml with distilled water. This solution was prepared for immediate use.

6)Standard silicate solution: This solution was prepared by dissolving 0.960 gm of dried 

sodium silicofluoride, Na2SiF^, in fine powder form by stirring it with 100 ml of

distilled water in a plastic beaker. The solution was transferred to a 100 ml volumetric 

flask and made up the volume to the mark, then this solution was rapidly transferred to 

a polythene bottle for storage, as this solution picks up silica rapidly from glass. 1 ml 

of this solution contains 5 pg at Si. I'k  10 ml of this concentrated solution was diluted 

to 500 ml with synthetic sea water. This solution hag the concentration of 4 pg at Si. 

I 'k  This diluted solution was prepared for immediate use.
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Synthetic sea water: 25 gm of analytical reagent quality sodium chloride and 8 gm of 

magnesium sulphate - pentahydrate, MgSo^. 7H2O was dissolved in one litre of

distilled water.

One day after the sample was collected, the samples were thawed to a temperature of 20 

9C in a water bath. Even if there is no pronounced temperature effect with this method 

the samples mainly in the reduction stage should be at a temperature exceeding 18 

but not more than 25 - 30 to avoid the decomposition of the silicomolybdate 

complex. 25 ml of sea water sample was added to 10 ml of acid molybdate reagent 

rather than the reverse to prevent the/(of any undesirable isomeric forms of the 

silicomolybdate complex and this way because the sea water - molybdate mixture is 

OLlways above a certain acidity. The mixture was allowed to stand for 10 minutes then 

the reducing reagent was added rapidly to make the volume exactly 50 ml and mixed. 

The solution was allowed to stand for two hours to allow the complete reduction of the 

silicomolybdate complex. After such time the extinction was measured for samples and 

standards against blanks of distilled wateiin duplicate using a Unicam SP 600 

spectrophotometer with a red filter at a wavelength of 810 nwtin a 4 cm glass cell.

The amount of silicate was calculated in microgram atom per litre of Si (pg at Si. k^) 

using the following expression:

pg at Si. I'l = corrected extinction x F 

Where the corrected extinction calculated by subtracting the mean extinction of the 

two felanks from the mean extinction of the samples. The calibration factor, F was 

calculated using the following expression:

100
F = -----------------

Es - Eb
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Where Es is the mean extiction of the two standards and Eb is the mean extinction of 

the two lanks.

2,2.3. Determination of nitrate nitrogen:

The accurate determination of nitrate ion in sea waters has been difficult. One of the 

procedures for nitrate determination was that by Armstrong (1963) which proved to be 

satisfactory for samples containing high concentrations of nitrate but lacks sensitivity 

to measure samples with low nitrate concentrations. There are many other methods 

used and on the reduction of nitrate into nitrite such that by Mullin and Riley (1955) by 

using hydrazine in the pre.:Sence of cupric ion as a catalyst to reduce nitrate but the 

reduction proved to be time consuming, not quantitative, and highly dependent on 

ext^nal conditions. The method of Morris and Riley (1963) in which a column of 

amalgamated cadjnium filings is used as reducing agent and this method has a 

negligible salt error and minimal temperature effect. The efficiency of the column 

decreases with use because of the formation of Cd(0 H)2. The process was further

refined by Strickland and Parsons (1965) by replacing the ammonium chloride with 

tetrasodium salt of ethylenediaminetetraacetic acid, EDTA and the washing of cadmium 

filings with nitric acid before amalgamation is to increase the surface area of cadmium 

(Cd).

The method used in the present study is based on the reduction of nitrate quantitatively 

to nitrite and the subsequent colorimetric determination of nitrite by a diazotization 

method. This procedure, based on the investigations by Wood, Armstrong and Richards 

(1967^and described by Strickland and Parsons (1972).

Special apparatus:

The reducing column (Figure. 2. 2.) was prepared by joining three pieces of glass 

tubing end to end. A 10 cm tubing of 5 cm diameter on to 30 cm of tubing 10 mm in 

internal diameter (which contained the metal filings) which in turn was joined to a 35
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cm of tube 2 mm in diameter. The last tube was bent just below this join into a U - 

shape so that it runs up parallel to the 10 mm diameter tube and then its end was bent 

over to form an inverted U siphon.

Preparation of the reducing column:

a)Coarse cadmium filings were produced from sticks of cadmium and sifted to obtain 

the fraction which passed through a 2 mm screen but were retained by 0.5 mm screen.

b)Sixty gm of filings were stirred with 500 ml of 2% v/w solution of copper sulphate 

pentahydrate, CUS045H20, until the blue colour had left the solution and the

semicolloidal copper particles began to enter the supeijiatant liquid.

c)A small ^ u g  of glass wool was placed at the bottom of the column which was then 

filled with the supernatant liquor from the preparation of the cadmium - copper above.

d)A sufficient am ^ount of the cadmium - copper mixture was poured in to produce a 

column about 25 - 30 cm in length, tapping the column firmly when necessary to settle 

the filings.

e)The column was washed thoroughly with diluted ammonium chloride solution. The 

flow rate was fixed so that 100 ml of the solution needed between 8 - 1 2  minutes to 

flow completely through the column. This was controlled by loosening or packing the 

glass wool at the bottom of the column.

f)A small plug of glass wool was placed on the top of the column to prevent cadmium 

filings being washed into the top chamber when solutions were added to the column.

g)The column was covered with diluted ammonium chloride solution when not in use.

h)when the efficiency of the column was suspected (usually after passing about 100 

samples through it) the column was repacked by emptying its contents into a beaker. 

The filings were washed vigorously twice with 500 ml of 5% v/v hydrochloric acid 

solution. The acid was decanted and the metal was washed with 300 - 500 ml of 

distilled water until the water column was no longer acid. The liquid was decanted and 

the metal was left as dry as possible. Then it was treated with the copper sulphate 

solution as described above.
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Figure. 2. 2. Cadmium - copper column used for the reduction of nitrate 

to nitrite.
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special reagents:

1)Concentrated ammonium chloride solution: This solution was prepared by dissolving 

125 gm of analytical reagent quality ammonium chloride in 500 ml of distilled water 

and stored in a glass bottle.

2)Diluted ammonium chloride solution: 25 ml of the concentrated ammonium chloride
cu

solution was diluted to 100 ml with distilled water and then stored iq|glass bottle.

3)Sulphanilamide solution: This solution was prepared by dissolving 5 gm of 

sulphanilamide in a mixture of 50 ml of concentrated hydrochloric acid and about 300 

ml of distilled water. This solution was renewed every 3 months.

4)N - (1 - Naphthyl) Ethylenediamine dihydrochloride solution: This solution was 

prepared by dissolving 0.5 gm of the dihydrochloride in 500 ml of distilled water. This 

solution was stored in dark bottle and renewed once a month.

5)Standard nitrate solution: This solution was prepared by dissolving 1.02 gm of 

analytical reagent quality potassium nitrate, KNO3, in 100 ml of distilled water (lml=

10 pg at N.). This solution was stable indefinitely in the absence of evaporation. Two 

ml of this concentrated solution was diluted to 1000 ml with synthetic sea water. This 

solution was prepared freshly before use. The concentraction was 20 pg at N. I'l. 

Synthetic sea water was prepared by dissolving 75 gm of analytical reagent quality 

sodium chloride, NaCl, 25 gm of analytical reagent quality magnesium sulphate, 

MgSO^VH^O, and 0.125 gm of sodium bicarbonate, NaHC0 gH2 0  in 2.5 litres of

distilled water.

Procedure:

Samples were filtered before analysis as described on page 2 then the samples allowed 

to freeze within the hour. This procedure ensures satisfactory preservation for many 

months (Strckland and Parsons, 1972). At the time of analysis samples were

allowed to thaw and brought back to temperature. The analysis starts by placing

100 ml aliquot sample in a graduated cylinder. Two ml of concentrated ammonium 

chloride solution were added to each sample. After mixing the solution 5 ml was
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poured onto the top of the column and allowed to pass through, this small preliminary

addition ensures that the liquid in the top part of the column has the composition of the

sample. The remainder of the sample was then added and the graduated cylinder was

placed under the discharge tap. 40 ml of the sample was allowed to pass through the

column and was used for rinsing the cylinder. The further 50 ml of reduced sample was
a

collected and rapidly emptied into a flask. The sample was then treated as imitrite 

sample. For a full description of the method see nitrite determination. After one hour 

the extinction for the samples and standards was measured against blanks of distilled 

water in duplicate using a Unicam SP 600 spectrophotometer at a wavelength of 543 

using blue filter for 4 cm glass cell. The concentration of nitrate nitrogen was measured 

in microgram atoms per litre (pg at N. l~l) using the following expression:

pg at N. I 'l -  (Corrected extinction x F) - 0.95 C 

Where C is the concentration of nitrite present in the sample in pg at N. I'l, corrected 

extinction calculated by substracting the mean extinction of the two blanks from the 

mean extinction of the two samples. The calibration factor, F was determined by the 

calculation of the expression:

20
F = ----------  -

Es - Eb

Where Es was the mean extinction of the two standards and Eb was the mean extinction 

of the two blanks.

2.2.4. Determination of nitrite nitrogen:

All the methods used for the determination of nitrite in natural sea waters/abased on the

reaction in which nitrous acid is converted into a highly coloured "azo" dye. The

method used in the present studyl^ased on the method of Shinn (1941) in which
Ms

sulphanilamide solution/^used as the diazotizing agent and N - (1 - naphthyl) - 

ethylenediamine dihydrochloride solution as the coupling agent in the determination of
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nitrite in fresh water. The following first equation represent the diazotization reaction 

but the equations (2) and (2a) represent the possibilities of the coupling reaction:

1) NH2SO2C6H4NH2 . HCL + HNO2  > NH2S02C6H4N=NCL + 2H2O ;

2) NH2SO2C6H4N = NCL + C10H7NHCH2CH2NH2  . 2HCL - ........ ->

NH2SO2C6H4N = NNHC2CH2NH(CioH7) . 2HCL + HCL

2a) NH2SO2C6H4N = NCL + C 10H7NHCH2CH2NH2 . 2H C L--------- >

NH2SO2C6H4 = NC10H6NHCH2CH2NH2 . 2HCL + HCL

This method was applied to sea water by Bendschneider and Robinson (1952) and 

described by Strickland and Parsons (1972).

The following special reagents were required for the analysis:

1) Sulphanilamide solution: See nitrate determination.

2) N - (1 - Naphthyl) - ethylenediamine dihydrochloride solution: See nitrate 

determination.

Procedure:

One ml of sulphanilamide solution was added using an automatic pipette to each 50 ml 

of sample followed by mixing. After 2 - 8  minutes one ml of naphthyl ethylene 

diamine solution was added and mixed immediately. After one hour the extinction was 

measured for samples, standards and blanks of distilled water in duplicate using 

Unicam Sp 600 spectophotometer at a wavelength of 543MM in a Unicam 4 cm glass 

cells.

The standard nitrite solution was prepared by dissolving 0.345 gm of anhydrous 

analytical reagent quality sodium nitrite, NaN0 2 , which was dried at 110 ^C for one

hour in 1000 ml of distilled water. This solution was stored in a dark bottle with 1 ml 

of chloroform as a preservative, this solution was renewed every two months (1 ml of 

this solution contained 5 pg at N.). Five ml of this concentrated solution was diluted to 

500 ml with distilled water for immediate use.
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The concentration of nitrite nitrogen was calculated in microgram atoms of nitrogen per 

litre (pg at N. I'l) from the following expression:

pg at N. = Corrected extinction x F 

The corrected extinction was calculated by subtracting the mean extinction of the two 

j^lanks from the mean extinction of the two samples. The calibration factor F, was 

determined using the following formula:

2
F = -----......... —

Es - Eb

Where Es was the mean extinction of the two standards and Eb was the mean extinction 

of the two blanks.

2.3. Pigment analysis:

2,3,1. Estimation of standing crop - chlorophyll a determination:
O

The sp^pophotometric determination of chlorophyll a is the most frequently used 

technique for the estimation of standing crop since chlorophyll a is present in all marine 

algae. Most of the estimations are based on the method described by Richards and 

Thompson (1952). Considerable modifications have been made. Pigment 

concentrations of algae can vary widely depending on metabolism, light, temperature, 

nutrient availability, and many other factors. In addition pigments of certain bacteria, 

especially those photosynthetic, can interfere with the spectrophotometric or 

fluorometric determination of chlorophyll. Phaeophytin concentrations, however can 

be estimated separately on the same samples for which chlorophyll is determined.

Chlorophylls and related pigments are hydrophobic and the choice of extractant is 

therdfoi^limited to those organic solvents that are miscible with water. Acetone was 

used in preference to methanol and ethanol because of the possible formation of methyl 

and ethyl chlorophyllides in the last two solvents. The evidence for this has been 

questioned by some workers as Marker et al, (1980) who also suggested that methanol
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might be^morc efficient extractant than acetone^which may only apply to the extraction 

of pigments from fresh water algae, since they also state that some workers have found 

acetone to be more efficient than methanol in extracting chlorophyll a from (pelagic ?) 

diatoms.

The method used in the present study was that given by Richard and Thompson (1952) 

as described by Parsons and Strickland (1963) and described in Strickland and Parsons 

(1972).

Apparatus:

a) Millipore filtration apparatus designed to hold 47 mm diameter filters with a two litre 

volume resejyoir.

b) Stoppered graduated glass centrifuge tubes of 15 ml capacity.

c) Mortar .

Special reagents:

a) 100% analytical reagent grade acetone.

b) 90% acetone: 10 ml of distilled water was pipetted into 100 ml volumetric flask and
/ I  f

analytical reagent grade acetone was added to make the vol un^to exactly 100 ml.

c) Magnesium carbonate suspension; 1 gm of light weight and finely powdered 

magnesium carbonate of analytical reagent quality was added to 100 ml of distilled  

water in a stoppered flask.

Procedure:

Samples filtered through a nylon plankton netting with a pore size of 212  pm to remove

zooplankton and other large particulate matter, brought back to laboratory within two

hours of collection^ were immediately filtered under slight negative pressure on to

Whatman glass - fibre filters (0.45 p pore size) containing one ml of magnesium

carbonate suspension to act as a filter aid and to prevent acidity from developing during
oj‘hn

extraction. About 14 litres of sample was filtered,y^more than one filter was used so

50



I
often due to rapid blockage dL bight percentage of the suspended mat^r in the

sample. The filter was then removed from the apparatus and the excess glass fibre was

trimmed with a clean pair of scissors. The filters was carefully folded in half with their

inner surfaces coming against each other, placed into labelled, folded foil pads and

immediately frozen (-20 °C). Half the amount filtered (7 litres) was used for the

determination of chlorophyll a while the other half used for the qualitative analysis of

different pigments using thin - layer chromatography. Within 2 - 3  days the filters

containing the golden - brown films of phytoplankton were ground using pestle and 
a

mortar witl^small volume ( 2 - 3  ml) of 100% acetone, this solvent rather than the 90% 

acetone being recommended (Score - Unesco, 1966), was always used as the first 

extractant on order to inactivate the highly active chlorophyllase present in many 

diatoms (Barrett and Jeffrey, 1964, 1971 and Jeffrey, 1974). The enzyme is slightly 

active in 90% acetone but not in 100% acetone. After this first extraction in 100% 

acetone, the filters and homogenizer were rinsed with 8 ml of 90% acetone, to make the 

overy^ volume of acetone 10 ml, all operations being carried out in dim light to 

minimize the harmful photo - oxidation reactions. The combined green - yellow 

acetone extracts were transferred quantitatively into . 15 ml centrifuge tube, the tubes 

were then covered with a double layer of aluminium foil for light prevention. The 

acetone extracts were centrifuged at 5000 r. p. m for 10 minutes, then the clear 

supernatant liquid was decanted into a Unicam glass 1 cm spectrophotometer cell, the 

extinction of which was measured against a cell containing 90% acetone at 630, 645 

and 665^^ m using SP 600 spectrophotometer. The concentration of chlorophyll a was 

calculated from the equation:

V

mg pigments /  m*3 = C (------------------ )
V X L

Where (C) is a value obtained from the following equation of Parsons and Strickland, 

(v) the volume of acetone used for extraction, (V) is the volume of sea water filtered in 

litres and (L) the path length of the cuvette (1 cm).
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c  (chlorophyll a) = 11.6 E565  - 1.31 £ ^ 5  - 0.14 E^go 

Where E555 , E545 and E530  being the extinction values measured at wavelengths 665,

645 and 630 nm respectively.

2.3.2. Phaeopigment determination:

Even if the previous method describes the measurement of pigment referred to as 

chlorophyllien fact represents chlorophyll a and chlorophyllide a. The presence of 

chlorophyllide will go undetected and this will be reported as an equivalent of 

chlorophyll. Some idea of the amounts of phaeopigments present in a sample may be 

obtained by measuring extinctions before and after acidification of extracts.

The method used in this study to measure the am mount of non - active chlorophyll a in 

terms of quantity of phaeopigments was that described by Parsons and Strickland 

(1972) which was similar to other two procedures described by Moss (1967) and 

Lorenzen (1967a) and the equation employed here was that of Lorenzen (1967a).

To measure the phaeopigment level the samples were carried through the above 

procedure for chlorophyll a analysis. The extinction values were measured against a 

cell containing 90% acetone at 665 nm. To each sample two drops of 50% 

hydrochloric acid (HCL) were added, after mixing^samples^allowed to stan^between 4 

- 5 minute^the extinction were measured again at the same wavelengths. All readings 

were corrected for cell to cell blanks. The concentration of phaeo - pigments in the 

samples was calculated from the expression:

26.7 (1.7[665a] - 665^) v
Phaeopigments (mg/m'3) = ------ ------------------------- ------- —

V x L
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Where 665o was the extinction at 665 nm before acidification, 665% the extinction at 

665 nm after acidification, (v) the volume of acetone used for extraction, (V) the 

volume of sea water filtered in litres and (L) the path length of the cuvette.

2.3.3. Qualitative determination of photosynthetic pigments using thin - layer 

chromatography:

In the process of the qualitative determination of different chlorophyll pigments using 

thin layer chromatography the low concentration of phytoplankton populationjmainly in 

late summer and early winter, even if large quantities of water samples were filtered^ 

was a problem. To overcome this problem the samples were aggregated togather in 

terms of seasons corresponding to each sampling date. According to that samples were 

aggregated in the following sequance;

1) Spring 1984 include samples collected at 11/4, 11/5 and 25/5.

2) Early summer 1984 include samples collected at 6/6 , 20/6 and 11/7.

3) Late summer 1984 include samples collected at 23/7, 15/8 and 29/8.

4) Autumn 1984 include samples collected at 19/9, 17/10 and 31/10.

5) Early winter 1984 - 1985 include samples collected at 7/11, 21/11, 5/12 and 3/1.

6 ) Late winter 1985 include samples collected at 30/1 and 20/2.

7) Spring 1985 include samples collected at 6/3, 13/3, 20/3, 29/3 and 3/4.

8) Autumn 1985 include samples collected at 19/9, 9/10 and 30/10.

9) Early winter 1985 - 1986 include samples collected at 11/11, 25/11 and 9/12.

10) Late winter 1985 - 1986 include samples collected at 6/1 and 12/2.

11) Early spring 1986 include samples collected at 10/3, 19/3 and 26/3.

12) Late spring 1986 include samples collected at 2/4, 9/4 and 23/4.

13) Early summer 1986 include samples collected at 7/5, 4/6 and 18/6.

14) Late summer 1986 include samples collected at 2/7, 16/7, 30/7 and 15/8.

15) Autumn 1986 include samples collected at 10/9, 6/10 and 27/10.

16) Early winter 1986 - 1987 include samples collected at 12/11 and 23/12.

17) Late winter 1986 - 1987 include samples collected at 22/1 and 17/2.
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18) Spring 1987 include samples collected at 11/3, 18/3, 25/3, 8/4, 15/4, 22/4 and 29/4. 

The method used in the present investigation was taken from Jeffrey (1974) with some 

modifications in terms of the actual system used. Instead of using two - dimensional 

chromatography one dimension was used and the pigments were separated with 50% 

ethyl - acetate in light petroleum ether (60 ~ 80 ^C) instead of using 25% chloroform

in light petroleum (60 - 80 ^C) for the first dimension and 2 % n - propanol in light

petroleum for the second dimension. This way more satisfactory results were obtained. 

The extraction of pigments for chromatography were carried out in the same way as the 

above procedure for chlorophyll analysis. After extraction the acetone pigment extract 

(1 0 - 12 ml) was immediately prepared for chromatography by adding an equal volume 

of redistilled diethyl ether followed by 20 volumes of cold 10% NaCl, solution in 

a  separatory funnel. After inverting the mixture gently several times, the phases were 

allowed to separate for 5 minutes. The pigments migrated to the ether hyperj)hase, and 

acetone and water soluble impurities were removed in the aqueous hypophase. The 

ether layer containing pigments was collected and concentrated to a small volume of (1 

ml) for chromatography under a stream of nitrogen. Condensation water wa^emoved 

by centrifugation. Pigments were separated on silica gel thin layer plates by one
5 C

dimenj^onal chromatography with 50% ethyl^atate in light petroleum (60 - 80^C).

Solvents were placed in a small tank, lined with filter paper and allowed to equilibrate
I  '

for few hours. All the pre\j|pus procedures were carried out in a dim light. The plates 

were spotted and the one dimensional development in a dim light was completed in 12 

minutes. Pigments were identified by Rf values and the sequence in which colours

developed.

2.4. Estimation of standing crop - Enumeration of phytoplankton:

Even if the standing crop (biomass) of phytoplankton can be obtained from the 

measurement of chlorophyll a concentration previously described, still the direct 

microscopic examination, identification and enumeration of individual species in
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numbers is of great importance. For this purpose algae concentration was necessary 

which can be done by filtration, sedimentation or centrifugation.

A technique for the direct enumeration of fresh water phytoplankton concentrated on a 

molecular filter was given by McNabb (1960) in which algae were found to be 

distributed at random on the filter.

In the present investigation this method was used with a few modifications. Lugol's 

Coding solution (100 gm potasium iodidj(in 1000 ml of distilled water + 50 gm iodine + 

100 gm glacial acetic acid) was used as preservative instead of formalin. Algae were 

counted as numbers of individuals per field of species instead of presence or absence of 

individuals of that species.

After collection sea water samples were filtered through a fine mesh net with pore size

of 212 pm to remove zooplankton and other large particulate mater. Five hundred ml 
c

of sample was placed in a graduated measuring cylinder and 2 ml of Lugol's iodine 

solution were added. The sample was left to stand for sedimentation for 5 days (Furet 

and Benson - Evans, 1982). The 400 ml of supernatant water was pipetted and between 

50 - 75 ml of the sample left was filtered through twenty - five mm diameter Millipore 

HA filter with 0.45 pm pore size. The membrane filter was removed carefully from the 

filtration unit and the edges were trimmed. The membrane filter was placed on a clean 

microscope slide, filtered surface uppermost, three drops of Uni vert immersion oil were 

added to the filter which acts as clearing agent by replacing the water in the filter in 24 

hours at room temperature in the dark. The clear filters were then covered with a clean 

cover glass. The excess oil was removed with a tissue and the mount was sealed with 

clear nail varnish. A Leitz Ortholux microscope was used throughout the investigation 

for the identification and the enumeration of organisms on the filters. A x 40 objective 

bright field was used for counting and identification and oil immersion objectives were
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used when necessary for identification. Thirty random fields were viewed. The 

number of algal cells per litre were calculated from the following equation:

Area of filter x Total count in 30 fields
No. of algal cells. I'l = ------------------ -------- -------------------------- -------- ------

Total area of 30 fields x volume of sample in litres

2.5. Measurements of carbon fixation;

2.5.1. light and dark bottles technique for measuring the carbon fixation by 

phytoplankton:

The most commonly used approach is to make measurements on samples of a natural 

community that have been isolated in some sort of container. Changes in oxygen 

evolution or CO2 uptake are then measured after the sample have been incubated either

in situ or under conditions of light and temperature simulated for the depth from which 

the samples were collected. The most commonly used method is to add a tracer amount 

of i^C0 2  labelled bicarbonate (e.g. NaH^^COg) to the water sample. If the total 

CO2 content of the sample is known and the of the phytoplankton is measured after 

a period of incubation, the total amount of carbon assimilated can be calculated by the 

proportional relationship (Steeman Nielsen, 1952).

available available

assimilated Ci^assimilated

In practice a known amount of radioactive bicarbonate, O3 was added to a sample 

of a known totaj^C0 2  content, the amount of CO2 added along with the 

tracer is usually negligible in relation to the total in the water. After photosynthesis by 

the phytoplankton has proceeded for a suitable time, the algae are filtered onto a 

membrane filter, treated and assayed for the amount of radioactivity incorporated. This 

technique has excellent sensitivity. The subject of measuring primary productivity
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using light and dark bottle techniques was reviewed by Strickland (1960) in which 

he mentioned that the value of productivity measured between gross and net and this 

value is probably nearer to the net productivity value than the gross. In the present 

investigation measurements were made for samples collected from 10/3/86 till 25/3/87 

from surface and 5 metres at stations 11 and 9 in which the incubation was carried out 

under laboratory conditions. For samples collected on 8/4/87 and 22/4/87 from surface, 

1 metre, 5 metres and 10 metres at station 11 incubations were carried out In situ and in 

culture cabinets.

Equipment and reagents used:

1) 150 ml capacity (BOD) bottles light glass bottles and dark bottles which were 

prepared by ccj^ering the bottle surfaces by a double layer of black scotch tape with 

aluminium foil on top of that.

2) Millipore filtration apparatus which holds filters of 4.5 cm in diameter and 0.45 pm 

pore size.

3) Liquid scintillation counter (LKB Wallac model 1211 Minibeta).

4) Plastic (20 ml) vials.

Reagents:

1) Good quality 40% formaldehyde solution.

2) Filtered sea water: collected at the same time as the samples, filtered through a 

Millipore filter whichjused as a washing liquid.

3) Solution (C '̂^) bicarbonate aqueous solution, batch 69, in sterile vials containing 1
Ç

ml of 50 p h radioactive concentration.

4) Triton scintillant which was prepared by mixing 5 gm ppo (2, 5, diphenyl oxazole) + 

0.3 gm dimethyl - popop - 1, 4 - Di - [2 - (4 - methyl - 5 - phenyloxazolyl)] - benzene + 

150 ml triton. The volume was made up to 1 litre with toluene.

Before i^u lation  sodium (C '̂+) bicarbonate were diluted to the required concentration 

with a sodium chloride solution (5% w/v Analar NaCl in distilled water with 0.3 gm
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anhydrous sodium carbonate (Na2Co]) and 0.2 gm sodium hydroxide (NaOH) added 

per liti^.

Procedure:

The method used in the present investigation was that of Steeman Nielsen (1952) as 

described by Strickland and Parsons (1972). 1) Water sample collected for up take 

measurement was put in a 1 litre dark bottle and more water sample was put in 500 ml 

amber bottle for pH and alkalinity measurement from which the total CO2 content of 

sea water was measured (see pH and total CO2 content measurement). 2) In the field

the temperature and salinity was measured at each sampling depth using a combined 
^  Cl'

salinity and tempy^ture probe (see sampling methods). 3) In the laboratory two light

and one dark 145 ml biochemical oxygen demand (BOD) bottles of actual volume 150

ml were filled with water from each depth sampled in each station and placed inside a
C

dark wooden box. 4) The samples were inoculated with 1 ml of 1 p^i labelled sodium 

bicarbonate using a disposable syringe and mixed. 5) Immediately the bottles were 

transferred to a growth room for incubation and placed under fluorescent strip lights at 

5W m -2atllO C .

* For those samples in which up take was measured in situ the above steps w#€" 

carriemin the following way;

1) Shading the bottles, first one dark bottle and then two light 150 ml capacity 

stoppered biochemical oxygen demand (BOD)bottles w / . filled with 145 ml sea water 

from each depth sampled and then immediately placed into a light - proof wooden box, 

taking care to maintain them in order of collection. Nex^500 ml screw - cap amber 

polythene bottles was filled to the brim with water samples for alkalinity and pH 

measurement in the laboratory which was carried out as soon as possible. 2) The 

temperature and salinity was measured at each sampling depth using a combined 

salinity and temperature probe (see sampling methods). 3) Each productivity bottle in
4

the dark - wooden box was opened and each bottle inoculated with 1 ml of 1 ufi
a

labelled sodium bicarbonate using a disposable^yrin^ Immediately the bottles were

5 8



stoppered and after making certain that each bottle was tightly sealed each was gently 

mixed by repeated inversion and the dark bottles were cajjed with aluminium foil to 

Ê//I sure that no light leaks through the stoppers joints. To suspend the samples in situ a 

float consisting of a life buoy with a wooden spar strapped across it was moored on 

station.

Two lines were attached to either end of the spar, away from the possible shading effect 

of the buoy, and these had attached at the required depths perspex holders each 

designed to hold three sampling bottles in a horizontal position to allow maximum 

exposure of the bottles to the available light at each depth (see Figure. 2.3).

4) Samples were incubated under natural light and temperature conditions for 5 hours.

The following steps were carried out in the same way for samples incubated in the lab

and samples incubated in the field. After incubation the samples were placed in a dark^

wooden box and I ml of formaldehyde solution was added to each bottle

to prevent any further fixation. Samples incubated in the field were immediately

returned to the laboratory for processing. Immediately samples were filtered through

Millipore filters with a pore size of 0.45 pm using pressure less than 380 mm Hg to

reduce the possibility of rupturing more fragile cells as they aggregate on the filter. 
a

Filtration Reformed in a semi - darkend area to minimize further photosynthesis. 

Amount of sample filtered was governed by the observed density of the phytoplankton. 

Normally between 50 - 100 ml was filtered. After filtration the filters were exposed to 

fumes of hydrochloric acid (HCL) to remove residual inorganic and carbonates

that may have precipitated as a result of photosynthetic activity (Wetzel, 1965). 7"he 

samples were then transfk^r^ ed to the scintilation vials containing 10 ml of scintillant 

and stoppered. The vials with the samples were then left in the dark for 24 hours at a 

low temperature to allow the filters to b^dissolved. Finally the vials were transferred 

into the scintillant ion counter and the activities were expressed as counts per minute 

(cpm). The amount of fixed was calculated using the following formula :
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Figure. 2. 3. Illustrates the perspex bottle holders and the buoy used 

in the "in situ" fixation experiment
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0 ^  up take x availability x 146 x 1.06
P = ---------------------------------------------------------------

added x E x V x T

P = Photosynthetic production in mg C m"3. h r k

upjake = mean of light bottles - dark bottle values (in cpm),

146 = Volume of incubation bottles (ml).

1.06 = Isotope correction factor (put in to allow for the fact that the isotope behaves 

differently from isotop^found in nature),

C i2 availability = total C02 content of sea water sample. ( ^  ^

E = Scintillation counting efficiency, was determined as described by Hannah (1979), 

and was found to be 80 - 85%.

V = Volume of sample filtered from incubation bottle (ml).

T = Time of incubation (in hours).

added = Concentration of Ĉ "̂  bicarbonate solution inoculated into samples (in -
C

2.5.2. pH determination;

The pH of the water samples was determined with a Howe pH meter model (6030)

immediately on return to the laboratory. The electrode was standardized using

commercially available pH buffer tablets having pH values of 4 and 7. The electrode
Gj-

was washed with distilled water and dried witl^tissue before immersion in any sample. 

Two to three minutes were allowed for equilibration once the electrode was immersed 

in the sample.

2.5.3. Determination of the total CO2 content of the sea water:

The total inorganic carbon of sea water is commonly estimated from measurements of 

total alkalinity, pH and temperature. The total alkalinity of the samples was measured 

by the method outlined in Strickland and Parsons (1972).

100 ml of sea water was added into a polyethylene screw cap bottle with 25 ml of 

standard 0.01 N Hydrochloric acid, then the solution was mixed thoroughly and the pH
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was measured as described before. The pH of the buffer used to standardize the pH 

meter was 4. The total alkalinity was calculated from the equation:

Total alkalinity = 2 .5- (1250 a H/ f )  

aH value corresponding to the measured pH value was determined from standard data, 

and value f can be similarly obtained from salinity and pH value. From total alkalinity 

measurements and several other measurements (salinity, pH and temperature at which 

the pH was measured, and initial temperature) the total CO2 content of the sea water

was calculated from the following equations:

1) Carbonate alkalinity = Total alkalinity - A (milliequivalents I'l).

2) Total CO2 = Carbonate alkalinity x 12 x Ft (mg C^^ available I'l).

W here/I and Ft are factors which are temperature and pH dependent and determined 

from the standard tables.

2. 6. 4. Separation of the samples into a different fractions:

To obtain different fractions of samples for productivity determinations, water samples 

were passed successively through a series of nylon mesh nets with the following pore 

sizes:

1) 100 pm to retain phytoplankton organisms larger in size than 100 pm.

2) 50 pm to retain phytoplankton organisms larger in size than 50 pm.

3) 20 pm to retain phytoplankton organisms larger in size than 20 pm.

4) 10 pm to retain phytoplankton organisms larger in size than 10 pm.

5) 5 pm to retain phytoplankton organisms larger in size than 5 pm.

Finally the sample was passed through a Millipore membrane filter of 0.45 pm pore 

size to retain phytoplankton organisms larger in size than 0.45 pm.

According to their size the phytoplankton organisms retained were classified into the 

following categories:

Organisms retained by 100 pm, 50 pm and 20 pm mesh net represented Netplankton 

category; organisms retained by 10 pm, 5 pm mesh net and 0.45 Millipore membrane
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filter represented Nanoplankton category, this fraction also including the picoplankton 

(0 .2  - 2 pm).

From this fractionation of water samples measurements were made of the contribution 

of the different size groups of phytoplankton organisms to primary productivity. Prior 

to fractionation the water samples were filtered through 212  pm nylon mesh to remove 

any zooplankton and any other large particulate matter. The amounts of water sample 

used for fractionation rang^between 1 - 2  litres. Phytoplankton organisms retained by 

each net was resuspended in a 145 ml of prefiltered sea water, obtained by filtration 

through Whatman No 1 filter papers and next through 0.45 pm Millipore filters. 

Primary productivity was measured in the same way as described previously.
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3. Physico - Chemical Data and Standing Crop Measurements:

3 .1 . Sea Temperature and Meteorological data:

3 .1 .1 . Sea surface temperature and salinity:

The local sea surface temperatures at Keppel Pier were obtained from the Biological 

Marine Station, at Millport. The actual measurements are summarized in Table. 3. 1. 1. 

In 1984 the minimum sea surface temperature of 7^C was recorded in 11 April, after 

which sea surface temperature increased progressively reaching a maximum of 15.1^C 

in 23 July. During the rest of sampling period the minimum sea surface temperatures 

were recorded in March (around 6^C) and the maximum were found in July (around 

14^0 . Throughout the present study the pattern for temperature changes were similar 

to that found by Hinton (1974) and Hannah (1979).

The levels for surface salinities varied between 29.2°/oo and 32.95°/oo depending on 

the time of the year.

Table. 3 .1 .1 . Sea surface temperature recorded on the different dates of sampling.

Date Temperature in ^C Date Temperature

1984
11.04 7.0 17.10 12.9
11.05 8.2 7.11 11.3
25.05 9.2 21.11 11.2

6.06 10.0 5.12 10.0

20.06 11.4 1985
11.07 14.8 3.01 7.8
23,07 15.1 31.01 8.2

15.08 15.0 6.03 7.5
29.08 13.6 20.03 6.0

19.09 13.8 29.03 6.0

3.10 12.9 8.04 6.0
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Table. 3. 1. 1. (Contiued)

Date Temperature in Date Temperature in

1985 16.07 12.4
19.09 13.2 30.07 12.4
11.11 9.8 27.08 11.0

25.11 9.0 23.09 12.0

9.12 8.7 6.10 12.1

1986 27.10 11.0

6.01 6.5 12.11 9.5
12.02 5.3 23.12 8.2

10.03 5.2 1987
19.03 5.8 24.01 7.1
26.03 5.8 18.02 4.9

2.04 6.0 11.03 6.0

9.04 5.9 18.03 5.8
23.04 6.1 25.03 5.5

7.05 8.0 8.04 6.0

4.06 8.3 15.04 6.2

18.06 11.0 22.04 8.8

2.07 14.8

3 .1 . 2. Wind speed and sunshine hours data:

The data for wind speed and sunshine hours are discussed in detail in the comparative 

discussion of the physico - chemical and biological data (pp. 32f). The actual data are 

given in Appendices 1 and 2 .
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3 .2 , Nutrient analysis:

3. 2 .1 . Reactive silicate ( dissolved silica ):

During the course of this study seasonal fluctuations in dissolved silica concentration 

were observed, with values ranging between trace quantities and a maximum of 22.45 

pg at Si. 1"1. Significant variations were observed at different seasons, at different 

stations, and at different depths (Table. 3. 2. 1.), (Figs. from 3 .2 . 1. to 3. 2. 4).

At the time of the beginning of this investigation during the spring of 1984, low levels 

of dissolved silica were recorded on 11 April, at both stations, at both depths, with 

values ranging from 1.3 to 2.2 pg at Si. F f  On 11 May, although there was a slight 

increase in the dissolved silica levels recorded for samples collected from surface at 

both stations, the values remained low ranging from 1.3 to 1.8 pg at Si. I'F The 

dissolved silica levels remained low over summer with minimal trace quantities 

recorded on 6 th of June, at both stations, at both depths.

From 20 June onwards the dissolved silica values increased gradually reaching a 

maximum summer level of 8.2 pg at Si. 1  ̂ for samples collected from station 11 

(surface) on 15 August and 6.2 pg at Si. l“l for samples collected from the same station 

at 5 metres depth on 29 August, while maximum levels of 2.2 and 3.6 pg at Si. I'i were 

recorded on 23 July for samples collected from station 9 at surface and 5 metres depth 

respectively. Levels rose during autumn and remained high over winter. Maximum 

values for the year were recorded on 5 December, in which the levels ranged from 15.2 

to 19.4 pg at Si. 1-1.

In 1985, dissolved silica remained high until the end of March when it declined 

from 6.2  pg at Si. 1-1 station 11 (surface), 6.8 pg at Si. 1-1 station 11(5 metres), 6.4 pg 

at Si. 1-1 station 9 (surface) and 5.2 pg at Si. l"l station 9 (5 metres) on 6 March to 0.4 

pg at Si. 1-1 station 11 at (surface and 5 metres depth), 0.3 pg at Si. 1-1 station 9 

(surface) and 0.4 pg at Si. 1-1 on 29 March.
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Minimum values as measured for the year were recorded on 3 April, in which the levels 

ranged from 0.16 to 0.2 pg at Si. I'F

When the investigation was recommenced on 19 September the levels of dissolved 

silica started to increase as autumn and winter months proceeded from 9.7 pg at Si. 1‘lat 

station 11 (surface), pg at Si. I'l at station 11(5 metres), 6.6  pg at Si. 1-1 at station 9 

(surface) and 6.2 pg at Si. 1-1 at station 9 (5 metres) on 19 th of September reaching 

20.5 pg at Si. 1-1 at station 11 (surface), 18.8 pg at Si. 1“1 at station 11(5 metres), 21.9 

pg at Si. 1-1 at station 9 (surface) and 19.5 pg at Si. 1*1 at station 9 (5 metres) on 9 

December, which represented the maximum levels for the year, for each depth at each 

station.

In 1986, maximum values measured for the year were recorded on 6 January, in which 

the levels ranged from 19.95 to 22.45 pg at Si. 1-1. A sharp decrease in dissolved silica 

values was recorded on 12 February, in which the levels ranged from 2.8 to 5 pg at Si. 

1-1.

During the spring, dissolved silica levels remained high until 9 April when it declined 

from 12.8 pg at Si. 1-1 at station 11 (surface), 10.5 pg at Si. 1-1 at station 11(5 metres), 

17.7 pg at Si. 1-1 at station 9 (surface) and 11.5 pg at Si. 1-1 at station 9 (5 - metres) (2 

April) to 1.6 pg at Si. 1-1 at station 11 (surface and 5 metres depth), 1.8 pg at Si. 1-1 at 

station 9 (surface) and 1.6 pg at Si. 1-1 at station 9 (5 metres) within a week. The levels 

recorded on 23 April were similar to those recorded on 9 April. Minimum values for 

the year were recorded on 7 May, with levels ranging from 0.16 to 1 pg at Si. 1-1. The 

levels remained low through summer, steadily increasing from 10 th of September on 

wi^rds and reaching a highest values on 23 December, in which the levels ranged from 

19 to 20 pg at Si. 1-1.

In 19^^, maximum values for the year were recorded on 22 January, in which the levels
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ranged from 20 to 21.5 pg at Si. FL A sharp decrease was recorded on 17 February (7 - 

11 pg at Si. 1-1).

During the time of the spring diatom increase the dissolved silica values declined 

gradually reaching minimum levels on 22 April (1 -1 .2  pg at Si. I'l).

Table 3 .2 .1 .  Dissolved siUca levels (pg at Si. I'l) recorded in the Fairlie channel at 

stations 11 and 9 during the period of this study. ( T = trace )

Station 11 Station 9

Date S 5m S 5m

1984
11.04 1.60 2.20 1.30 1.50
11.05 1.70 1.30 1.80 1.60
25.05 0.30 0.50 0.55 0.50
6.06 T T T T
20.06 1.60 1.50 0.90 1.10
11.07 2.00 2.10 1.90 1.50
23.07 2.60 3.40 2.20 3.60
15.08 8.20 5.00 1.00 2.00
29.08 7.00 6.50 2.00 2.60
19.09 5.80 3.30 1.77 2.00
3.10 8.70 9.40 7.50 7.50
17.10 9.50 9.60 9.50 8.00
7.11 11.7 11.0 11.0 11.4
21.11 17.4 11.7 14.3 12.6
5.12 19.0 15.2 18.0 19.4

1985
3.01 22.0 16.6 19.0 19.8
31.01 16.0 15.6 15.2 13.0
20.02 17.00 9.600 13.70 13.40
6.03 6.400 5.200 6.200 6.800
13.03 5.000 5.000 5.200 5.400
20.03 4.300 4.600 4.000 4.200
29.03 0.300 0.400 0.400 0.400
3.04 0.160 0.160 0.200 0.180
19.09 9.700 8.000 6.600 6.200
9.10 13.00 13.00 12.30 11.70
30.10 13.90 13.20 14.30 12.30
11.11 16.00 14.70 16.00 13.70
25.11 18.80 15.30 16.00 14.60
9.12 20.50 18.80 22.00 19.50

1986
6.01 22.45 19.95 22.35 20.00
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Table. 3.2.  1. (Continued)

Station 11 Station 9

Date S 5m S 5m

1986
12.02 5.000 4.600 5.000 2.800
10.03 12.20 18.40 16.60 17.78
19.03 16.50 15.80 14.30 15.50
26.03 19.00 17.00 21.80 12.80
2.04 17.70 11.50 12.80 10.50
9.04 1.800 1.600 1.600 1.600
23.04 1.800 1.600 1.600 1.600
7.05 1.000 0.400 0.160 0.300
4.06 4.000 3,600 3.600 5.000
18.06 3.000 2.600 3.000 2.500
2.07 2.000 1.300 2.000 1.000
16.07 1.260 1.200 1.000 1.500
30.07 2.000 2.200 1.700 2.500
10.09 7.760 5,600 4.100 4.200
6.10 11.00 11.30 9.600 10.00
27.10 11.70 11.40 12.00 10.00
12.11 13.80 13.00 13.40 12.50
23.12 19.00 19.20 20.00 19.40

1987
22.01 21.50 20.00 21.00 20.00
17.02 11.00 7.000 9.400 8.000
1.03 10.00 7.000 9.000 7.800
18.03 9.000 6.000 8.400 6.500
25.03 8.000 6.000 8.000 6.000
8.04 4.000 3.000 3.000 3.000
15.04 2.000 2.000 2.000 2.000
22.04 1.000 1.000 1.200 1.100
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Figure. 3 .2 . 1. Seasonal changes in the dissolved silica (pg at Si. I'l) 

levels at the surface and 5 metres depth. Station 11, 

from 11 April 1984 to 9 December 1985.
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Figure. 3. 2. 2. Seasonal changes in the dissolved silica (pg at Si. I'i) 

levels at the surface and 5 metres depth. Station 11, 

from 6 January 1986 to 22 April 1987.
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Figure. 3. 2 . 3. Seasonal changes in the dissolved silica (pg at Si. 1"̂ ) 

levels at the surface and 5 metres depth. Station 9, 

from 11 April 1984 to 9 December 1985.
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Figure. 3. 2. 4. Seasonal changes in the dissolved silica (pg at Si. I *) 

levels at the surface and 5 metres depth. Station 9, 

from 6 January 1986 to 22 April 1987.
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3. 2. 2. Nitrate + Nitrite nitrogen:

The total nitrate + nitrite Nitrogen levels (Table. 3. 2. 2.) which were recorded through 

out this study varied between low and high values, with significant variations seasonally 

and with stations and depth (Table. 3. 2. 2.). The values observed ranged between trace 

quantities and a maximum of 15.7 pg at N. I'l.

Figs. from 3.2 . 5. to 3. 2. 9. show the seasonal variations in the total nitrate + nitrite N 

content at both stations, at both depths.

On 11 April, 1984, low levels of nitrate were recorded, ranging from 1.6 to 2 pg at N. 

I'l. On 11 May the levels remained low (1.7 - 2.1 pg at N. I'l). The nitrate levels 

remained low over summer, with the minimal values for the year recorded on 23 July, 

at both stations, at both depths (trace - 0.1 pg at N. ).

On the 15 th and 29 th of August an increase in the nitrate levels was recorded for 

samples collected from both stations, at both depths. Maximum summer level for 

samples collected from station 11 at 5 metres depth was recorded on the 15 August (3 

pg at N. I'l), whilst the maximum surface level of 5.4 pg at N. I'l was recorded on the 

29 August at both stations, with the maximum for 5 metres levels at station 9 (3.87 pg 

at N. I'l).

A sharp autumn decrease was recorded on 19 September (0.1 - 0.14 pg at N. I'l). The 

levels rose from 3 rd of October and remained high over winter.

Maximum values for the year were recorded on 5 December, with quantities ranging 

fom 11.75 to 14.2 pg at N. I'l.

In 1985, nitrate  nitrogen levels remained high until 13 /l|{Lkt/iwhen the values declined 

from 10 pg at N. I'l at station 11 (surface), 8.8 pg at N. I’l at station 11(5 metres), 8.5 

pg at N. I'l at station 9 (surface)and 7.65 pg at N. I 'l at station 9 (5 metres)on 6 th of 

March to 5.6 and 3.3 pg at N. I'l at station 11, at surface and 5 metres depth
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respectively, and to 4 and 3.8 pg at N. I 'l at station 9, at surface and 5 metres depth 

respectively within a week. On 20 and 29 of March the levels remained low, with 

quantities ranging from 3.1 to 6.75 pg at N. I 'l, the higher values recorded on the latter 

date.

Minimum values for the year were recorded when the investigation was recommenced 

on 19 September, with quantities ranging from 0.4 to 0.55 pg at N. I'l. From the 9 

October onwards the nitrate nitrogen levels increased gradually reaching highest 

quantities on the 9 December, of which those recorded for samples collected from 

station 11, at both depths represented the maximum values for the year (Table. 3. 2. 2.).

In 1986, maximum levels for the year were recorded on 6 January, with quantities 

ranging from 14 to 15.7 pg at N. I 'l. Although a decrease in the nitrate nitrogen levels 

was recorded on 12 th of February, the values remained high ranging from 10.4 to 12.4 

pg at N. I'l. The levels decreased sharply to quantities ranging from 5 to 5.4 pg at N. 

I'l on 10 March, after which the values continued to decrease gradually during the 

spring months of March, April and early May, reaching minimum values for the year on 

the 7 May (0.6 - 1.2 pg at N. I'l). The levels continued to decrease during the summer 

months, reaching minimum values for the year on the 2 nd of July ( trace quantities - 

0.2 pg at N. I 'l ). On the 16 and 30 July the levels were of the same order of magnitude 

as those recorded on 2 July (Table. 3. 2. 2.). On the 10 th of September nitrate values 

remained low (0.27 - 0.3 pg at N. I'l). From 6 th of October and through out the rest of 

the winter months the levels increased steadily reaching maximum winter levels as 

measured on 23 December {l3~ 14 pg at N. I'l).

In 1987, maximum values for the year were recorded on 22 January, with quantities 

ranging from 14 to 15 pg at N. I'l. Equally high levels were recorded on 17 February 

(11 .7-12 .3  pg at N. I'l).

During the time of the spring diatom increase the nitrate nitrogen levels declined 

gradually reaching minimum quantities on 22 April (2 - 4 pg at N. I'l).
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Table. 3. 2. 2. Nitrate + Nitrite levels (pg at . I’l) recorded in the Fairlie Channel at 

stations 11 and 9 during the period of this study. ( T = trace )

Station 11 Station 9

Date S 5m S 5m

1984
11.04 2.000 2.000 1.800 1.600
11.05 1.700 2.000 1.700 2.100
25.05 0.640 0.030 0.050 0.050
6.06 0.800 0.800 0.800 0.900
20.06 0.700 1.600 0.400 0.100
11.07 0.800 0.100 0.050 0.050
23.07 0.050 0.100 T T
15.08 2.600 2.800 2.600 3.000
29.08 5.400 3.870 5.400 0.900
19.9 0.100 0.100 0.100 0.100
3.10 4.500 3.370 3.000 4.200
17.10 6.600 5.000 7.000 4.000
7.11 10.20 9.500 10.56 11.20
21.11 11.66 14.00 10.60 8.750
5.12 14.00 14.20 11.75 12.00

1985
3.01 15.30 14.85 12.00 12.56
31.01 14.50 14.00 11.20 12.40
20.02 14.00 11.78 10.30 12.27
6.03 8.500 7.650 10.00 8.800
13.03 4.000 3.800 5.600 3.300
20.03 4.200 3.400 3.100 5.200
29.03 6.500 5.600 6.750 6.700
19.09 0.450 0.550 0.400 0.450
9.10 5.000 4.600 5.000 4.000
30.10 7.000 5.000 7.700 5.000
11.11 10.8 9.70 11.0 10.0
25.11 13.3 14.2 12.4 10.5
9.12 14.6 14.4 13.5 13.8

1986
6.01 15.7 15.0 14.0 14.2
12.02 11.6 12.4 10.4 11.5
10.03 5.20 5.40 5.00 5.40
19.03 5.00 5.00 4.86 5.50
26.03 3.70 5.00 3.60 3.90
2.04 5.00 5.30 4.70 5.00
9.04 4.30 2.00 2.40 2.50
23.04 4.00 2.20 2.30 2.40
7.05 1.20 0.60 0.90 1.00
4.06 0.30 0.30 0.36 0.30
2.07 T 0.10 T 0.20
16.07 0.05 0.10 0.01 0.10
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Table. 3 . 2 . 2 .  (Continued)

Station 11 Station 9

Date S 5m S 5m

1986
30.07 0.05 0.10 0.01 0.10
10.09 0.28 0.30 0.27 0.28
6.10 5.00 4.00 4.00 4.00
27.10 7.00 5.20 7.30 4.50
12.11 10.5 9.60 11.3 10.6
23.12 14.0 13.6 13.2 13.0

1987
22.01 15.0 14.2 14.3 14.0
17.02 12.3 11.7 12.0 12.0
11.03 9.90 9.00 9.70 9.50
18.03 8.80 7.80 8.60 8.00
25.03 8.00 7.00 8.00 7.00
8.04 4.20 2.00 2.80 2.50
15.04 4.00 3.00 2.40 2.00
22.04 4.00 2.30 2.30 2.00
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Figure. 3 .2 .5 . Seasonal changes in the combined nitrate + nitrite 

nitrogen (pg at N. I'l) levels at the surface and 

5 metres depth. Station 11.

From 11 April 1984 to 9 December 1985.
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Figure. 2 .3 .6 . Seasonal changes in the combined nitrate + nitrite 

nitrogen (pg at N. I 'l) levels at the surface and 

5 metres depth. Station 11.

From 6 January 1986 to 22 April 1987.
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Figure. 3 .2 .7 . Seasonal changes in the combined nitrate + nitrite 

nitrogen (pg at N. 1-1) levels at the surface and 

5 metres depth. Station 9.

From 11 April 1984 to 9 December 1985.
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Figure. 3. 2. 8. Seasonal changes in the combined nitrate + nitrite 

nitrogen (pg at N. I'l) levels at the surface and 

5 metres depth. Station 9.

From 6 January 1986 to 22 April 1987.
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3. 2. 3. Reactive Phosphate:

Phosphate phosphorus levels were lower than the other nutrients throughout the course

of this investigation. Values ranged between trace quantities to 1.45 pg at P. 1’^

(Table. 3. 2. 3.). The minimum trace quantities was recorded at station 11 (surface) on
e r t

the 11 May, 1984, while the maximum of 1.45 pg at P. 1'̂  wX recorded for samples 

collected from the same station, at the same depth on the 9 December, 1985.

Marked variations were observed at the different seasons, at different stations (Table. 3. 

2. 3.). Figs. from 3. 2. 9. to 3. 2. 12. show a clear seasonal pattern for reactive 

phosphate at both stations.

The recorded levels of phosphate during the spring of 1984 and at the time of the 
0 .

beginning of this study on 11 April were low ranging from 0.45 to 0.6 pg at P. I'l. On 

11 May, after the main period of the diatom spring increase, a decrease in phosphate 

levels was recorded with values ranging from trace quantities - 0.3 pg at P. I'l.

Levels remained low over summer, with quantities ranging from 0.1 to 0.6 pg at P. I 'l, 

with the exception of values recorded for samples collected from station 11 (surface) on 

the 15 and 29 August, on which 0.9 and 0.8 pg at P. I'l were recorded respectively. 

Levels rose during autumn and remained high over winter, with the maximum 

quantities for the year observed on 5 December (1»|- 1.3 pg at P. I'l).

In 1985, phosphate levels remained around 1 pg at P. I'l until 6 March in when lower 

levels ranging from 0.35 to 0.6 pg at p .l'l were recorded. On the 13 th of March, with 

the exception of levels recorded for samples collected from station 9 at surface (0.06 pg 

at P. I'l) which represented the minimum quant^es ranging from 0.8 to 1 pg at P. I'l. 

Slightly lower levels were recorded on the 20 and 29 March, and on 3 April with 

quantities ranging from 0.46 to 0.68 pg at P. I'l. When the investigation was 

recommenced on 19 September phosphate were found to have the following values, 0.8 

pg at P. I 'l at station 11 (surface), 0.5 pg at P. I'l at station 11 (5 metres), 0.77 pg at P.
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1*1 at station 9 (surface) and 0.75 pg at P. 1 l at station 9 (5 metres). The levels 

increased gradually throughout the winter months reaching maximum values for the 

year on 9 December, with quantities ranging from 1.35 to 1.45 pg at P. I'l.

In 1986, on 6 January and 12 February, the levels remained high ranging from 0.87 to 

1.4 pg at P. I 'l, with the highest quantities observed on the former date, which 

represented the maximum values for the year.

Spring values fluctuated between quantities slightly higher or equal to 1 pg at P. 1*1 

and levels lower than 1 pg at P. 1*1 (not below 0.65 pg at P. I 'l) until 2 April after 

which the levels recorded ranged between 0.64 and 0.9 pg at P. 1*1.

Phosphate values were low over summer, with the minimum levels for the year 

_ recorded on the 2 July (0.07 - 0.15 pg at P. I'l).

High autumn and winter levels were recorded from the 10 September. During this 

period phosphate values increased gradually reaching maximum quantities on the 23 

December (1.2 - 1.4 pg at P. I'l).

The 1987 phosphate levels remained high until 25 March when a decrease from 

quantities ranging from 1.1 to 1.2 pg at P. I'l on 22 January to levels ranging from 0.6 

to 0.64 pg at P. 1*1 within two months and two days was recorded. From the 8 April 

onwards phosphate levels decreased gradually reaching quantities ranging from 0.45 to 

0.53 pg at P. 1*1 on 22 April.
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Table. 3. 2. 3. Phosphate phosphorus levels (pg at. I 'l) recorded in the Fairlie Channel 

at stations 11 and 9 during the period of this study.

Station 11 Station 9

Date S 5m S 5m

1984
11.04 0.50 0.45 0.50 0.60
11.05 T 0.20 0.10 0.30
25.05 0.10 0.10 0.40 0.20
6.06 0.20 0.10 0.24 0.20
20.06 0.20 0.30 0.20 0.20
11.07 0.34 0.36 0.35 0.30
23.07 0.30 0.30 0.37 0.25
15.08 0.90 0.50 0.20 0.40
29.08 0.80 0.65 0.36 0.40
19.09 0.72 0.50 0.54 0.57
3.10 0.60 0.85 0.50 0.60
17.10 0.60 0.80 0.60 0.70
7.11 0.80 1.00 0.87 0.80
21.11 1.00 0.90 1.00 1.00
5.12 1.30 1.10 1.30 1.24

1985
3.01 1.30 0.80 1.25 0.90
31.01 0.87 0.55 0.87 0.87
20.02 0.90 1.00 0.80 0.80
6.03 0.60 0.50 0.35 0.40
13.03 1.00 1.00 0.06 0.80
20.03 0.67 0.68 0,60 0.70
29.03 0.56 0.65 0.50 0.60
3.04 0.60 0.60 0.46 0.60
19.09 0.80 0.50 0.77 0.75
9.10 0.70 0.90 0.70 0.80
30.10 0,70 0.95 0.80 0.90
11.11 1.00 0.97 1.00 1.00
25.11 1.20 1.20 1.20 1.00
9.12 1.45 1.35 1.42 1.40

1986
6.01 1.40 1.30 1.40 1.30
12.02 1.26 0.87 1.00 1.00
10.03 1.00 1.30 0.95 0.90
19.03 1.00 0.96 0.65 0.65
26.03 0.60 1.20 1.10 1.10
2.04 0.74 0.80 1.10 1.10
9.04 0.65 0.66 0.90 0.90
23.04 0.64 0.64 0.90 0.90
7.05 0.65 0.54 0.43 0.85
4.06 0.74 0.65 0.74 0.60
18.06 0.25 0.20 0.25 0.20
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Table. 3. 2. 3. (Continued)

Station 11 Station 9

Date S 5m S 5m

1986
2.07 0.09 0.07 0.15 0.08
16.07 0.22 0.22 0.20 0.20
30.07 0.23 0.26 0.28 0.22
10.09 0.76 0.50 0.66 0.66
6.10 0.67 0.87 0.60 0.70
27.10 0.70 0.86 0.70 0.80
12.11 0.90 1.00 0.95 0.93
23.12 1.30 1.30 1.20 1.40

1987
22.01 1.20 1.20 1.20 1.20
17.02 1.00 1.10 1.00 1.00
11.03 1.00 1.00 1.00 1.00
18.03 0.90 0.80 0.80 0.80
25.03 0.64 0.62 0.62 0.60
8.04 0.60 0.60 0.60 0.60
15.04 0.55 0.53 0.53 0.50
22.04 0.53 0.53 0.47 0.45
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Figure. 3. 2. 9. Seasonal changes in the phosphate phosphorus levels

(pg at P. 1-1). Station 11, at surface and 5 metres depth.

From 11 April 1984 to 9 December 1985.
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Figure. 3. 2. 10. Seasonal changes in the phosphate phosphorus levels

(pg at P. I'l). Station 11, at surface and 5 metres depth.

From 6 January 1986 to 22 April 1987.
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Figure. 3.2. 11. Seasonal changes in the phosphate phosphorus levels

(pg at P. 1-1). Station 9, at surface and 5 metres depth.

From 11 April 1984 to 9 December 1985.
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Figure. 3.2. 12. Seasonal changes in the phosphate phosphorus levels

(pg at P. 1-1). Station 9, at surface and 5 metres depth.

From 6 January 1986 to 22 April 1987.
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3. 2. 4. Discussion:

The minimum and maximum recorded nutrient levels during this study are tabulated in 

Table. 3. 2, 4, and compared with those found by Hinton, (1974) and Hannah, (1979) 

(Table. 3. 2. 5.).

Table. 3. 2. 4. Maximum and minimum recorded nutrient values during this study ( pg at. 1'̂  ).

1984 1985 i m 1987
Max Min Max Min Max Min Max Min

Silica 19.4 T 21.95 0.3 22.45 0.94 21.6 1.0
Nitrate 14.2 0.03 15.3 0.4 15.7 T 14.9 2,0
Phosphate 1.3 T 1.45 0.35 1.43 0.07 1.24 0.45

T = Trace

Table. 3. 2. 5. Maximum and minimum recorded nutrient values recorded by Hinton, (1974) in 1973
and Hannah, (1979) in 1976 and 1977 ( pg at. 1 : ).

1973 1976 1977
Max Min Max Min Max Min

Silica 13.4 0.4 11.5 0.26 12.33 0.8
Nitrate 23.7 4.0 20.0 0.75 21.9 1.24
Phosphate 1.60 0.2 1.76 0.12 1.32 0.31

Higher maximum dissolved silica levels and lower maximum nitrate nitrogen levels 

were found during this study in comparison to those found by Hinton, (1974) and 

Hannah, (1979). The maximum phosphate phosphorus quantities and the minimum 

values recorded for all three nutrients observed during the course of this study were 

similar to those found in 1973 by Hinton and to those found by Hannah in 1976 and 

1977.

The seasonal variations of the nutrient levels closely correlated to the changes in the 

algal biomass, with the decrease in nutrient quantities following the spring diatom 

increase and the following summer. The maximum nutrient values were recorded 

during winter at the time of low algal biomass.
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During this study the decrease in the nutrient levels following the spring diatom 

increase was not dramatic. The same was mentioned by Hinton, (1974) and Hannah, 

(1979).
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3. 3. Standing crop:

The quantitative aspects of changes in standing crop were examined in terms of the 

seasonal changes in total chlorophyll a levels with phaeopigment levels and total 

number of phytoplankton cells.

3. 3. 1. Seasonal changes in chlorophyll a and phaeopigments levels:

The changes in the levels of chlorophyll and phaeopigments for the surface and 5 

metres depth at stations 11 and 9 in the Fairlie channel are shown in Figs. 3 .3 . 1. to 3. 

3. 8 .

The cycles observed at stations 11 and 9 during the period of this study were in general 

similar (Tables. 3.3.1. and 3. 3. 2), the outstanding feature being the spring increase in 

phytoplankton biomass, typical of temperate seas. Peaks in chlorophyll concentrations 

also occured during the summer and autumn. Winter levels of chlorophyll were low.

Maximum chlorophyll levels recorded during the spring of 1984 were low for this time 

of the year, but phaeopigment levels at the time were high^ even higher than

chlorophyll levels mainly during 11 April and 11 May which suggests that the peak of
r

the spring diatom increase occi^ed prior to the beginning of this investigation and the 

effects of zooplankton grazing were prominent.

During the late spring chlorophyll levels remained relatively high, ranging from 3. 

and 3.Po mg m*3 on 11 April to 3.3o and 3 mg m'^ on the 25 of May at the surface for 

stations 11 and 9 respectively and from 3.44 and 4. (o mg m‘3 on 11 April to 3.94 and 4 

mg m~3 on 25 May at 5 metres depth.

On the 11 May chlorophyll levels at station 11 were 3.^.0 and 2.5 mg m-3 at surface and 

5 metres depth, and 3,Z0 and 3.45 mg m 'J at station 9.
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Figure. 3.3. 1. Seasonal changes in the chlorophyll a and phaeopigment

(mg /  m3) levels at the surface and 5 metres depth.

Station 11, from 11 April to 5 December 1984.
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Figure. 3. 3. 2. Seasonal changes in the chlorophyll a and phaeopigment

(mg /  m3) levels at the surface and 5 metres depth.

Station 11, from 3 January 1985 to 6 January 1986.
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Figure. 3. 3. 3. Seasonal changes in the chlorophyll a and phaeopigment

(mg / m3) levels at the surface and 5 metres depth.

Station 11, from 12 February to 6 October 1986.
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Figure. 3. 3. 4, Seasonal changes in the chlorophyll a and phaeopigment 

(mg / m3) levels at the surface and 5 metres depth. 

Station 11, from 27 October 1986 to 22 April 1987.
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Figure. 3. 3. 5. Seasonal changes in the chlorophyll a and phaeopigment

(mg /  m3) levels at the surface and 5 metres depth.

Station 9, from 11 April to 5 December 1984.
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Figure. 3. 3. 6. Seasonal changes in the chlorophyll a and phaeopigment

(mg / m3) levels at the surface and 5 metres depth.

Station 9, from 3 January 1985 to 6 January 1986.
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Figure. 3. 3. 7. Seasonal changes in the chlorophyll a and phaeopigment

(mg /  m3) levels at the surface and 5 metres depth.

Station 9, from 12 February to 6 October 1986.
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Figure. 3. 3. 8. Seasonal changes in the chlorophyll a and phaeopigment

(mg /  m3) levels at the surface and 5 metres depth.

Station 9, from 27 October 1986 to 22 April 1987.
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High phaeopigment values were recorded on 11 April and 11 May, with quantities 

ranging from 5 - 7 . 8 8  mg m-3 on the former date and 7 - 9  mg m"3 on the latter, much 

lower levels were recorded on 25 May (0.26 - 2.2 mg m'3).

During the summer months chlorophyll values fluctuated between relatively high and 

low levels. During early June chlorophyll levels remained slightly high, ranging from 

1.75, 1.61 mg m-3 on 6 June to 1.3, 0.98 mg m-3 on 20 June at the surface for stations 

11 and 9 respectively and from 1.64, 1.6 mg m"3 on 6 June to 0.93, 0.87 mg m'3 on 20 

June at 5 metres depth.

On the 6  th and 20 th of June phaeopigments levels were unmeasurable.

During the rest of the summer months chlorophyll levels remained low with the 

exception of those recorded on 23 July at 5 metres depth which were 1.6 and 2.47 mg 

m‘3 at stations 11 and 9 respectively. This compares with the low surface levels 

recorded at the same time (0.5 mg m-3 at station 11 and 0.35 mg m‘3 at station 9), and 

with the quantities measured on 11 July which were 0.33 and 0.25 mg m‘3 at the surface 

and 5 metres depth at station 11, and 0.24 and 0.3 mg m-3 at station 9.

Similar to the previous 5 metres levels recorded on 23 July slightly higher surface

readings were found on 29 August reaching 1.06 mg m-3 at station 11 and 1.34 mg m'3
rco-cUiias

at station 9, as compared with the low 5 metre^recdfrded at that time which were 0.22 

and 0.05 mg m-3 at station 9. From 11 July onwards phaeopigment levels were low 

ranging from trace quantities to 0.9 mg m-3.

ere
An increase in chlorophyll concentrations w/ recorded during autumn, which ranged 

from 1.24 to 1.76 mg m-3 at the surface for stations 11 and 9and from 0.78 to 1.86 mg 

m-3 for 5 metres depth.
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Although there was an increase in chlorophyll concentration during autumn, there was 

no distinctive autumnal peak in September and thereafter the quantities of extracted 

pigments were low through the winter months. These were in the range analytical zero 

- 0,38 mg chlorophyll a m'3 at both depths, at both stations.

Again low phaeopigments levels were recorded during autumn and winter (Trace 

quantities - 0.6  mg m'3).

In 1985, a similar over all seasonal pattern was observed although the maximum 

recorded levels were higher than those found in the previous year (Figs. 3. 3. 2. and 3. 

3. 6 .).

From the data recorded in 1985 the diatom increase was gradual starting on 6 March at 

both stations 11 and 9 in when chlorophyll levels increased from 0.07 and 0.35 mg m'3 

on 20 February to 1 and 1.15 mg m'3 on 6 March at the surface for stations 11 and 9 

respectively and from 0.09 and 0.45 mg m'3 on 20 February into 1.3 and 1.13 mg m'3 

on 6 March at 5 metres depth for stations 11 and 9 respectively.

Phytoplankton biomass levels at the peak of the spring growth were more or less similar 

at stations 11 and 9. The peak in biomass quantity at station 11 was observed on 29 

March in which chlorophyll levels recorded at this time were 18 mg m'3 at the surface 

and 17,7 mg m'3 at 5 metres depth. The peak at station 9 was recorded on 20 March in 

which chlorophyll levels were 18 and 16 mg m'3 at surface and 5 metres depth 

respectively.

A sharp and rapid decline in phytoplankton biomass then occured at both stations. 

Minimum post-peak levels were recorded on 3 April at both stations (4.73 and 4.51 mg 

m'3 at surface and 5 metres depth for station 11, 4.9 and 4.7 mg m'3 at station 9).
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Also observed during the spring was an increase in phaeopigment levels by which the 

maximum quantities were recorded on 20 March (7.65 - 17.9 mg m"3).

Although a decrease was observed on 29 March and 3 April phaeopigment levels 

remained relatively high with quantities ranging from 3.3 to 5.7 mg m'^ on the formf^j 

date and from 1.7 to 2.5 mg m'^ on the latter date.

When the investigation was recomenced on 19 of September high autumnal chlorophyll 

levels were observed which represented ̂ the m ^x^um  for samples collected from 

station 9 (4.7 and 3.1 mg m-^ from statio^j 11 andjs metres depth respectively) and for 

samples collected from station 11 at 5 metres depth (4.8 mg m‘3). A surface maximum 

of 4.8 mg m'^ at station 11 was measured on 10 October.

Phaeopigment levels during autumn and winter were low ranging from trace quantities 

to 1.4 mg m‘3.

In the spring of 1986 chlorophyll concentrations first exceeded 1 mg m'3 in the surface 

waters on 10 March (1.1 mg m'^at station 11 and 1.2 mg m-3 at station9) and in 5 

metres depth by 19 March, some two weeks later than in the previous year.

Maximum surface levels/recorded at both stations on 2 April and they were 9.5 and

10.2 mg m'3 at stations 11 and 9 respectively whilstjsecond major peaks in chlorophyll 

concentration at the surface of both stations were recorded on 23 April (4.4 and 4.9 mg 

m'3 at stations 11 and 9 respectively).

A slight increase in phaeopigment values was recorded during this period (trace

quantities - 1.7 mg m'3), which were lower than those found in the previous year for 
c

the same period, coin^jiding with the lower chlorophyll quantities.
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Table 3 .3 .1 . Chlorophyll a and phaeopigments levels recorded for samples 
collected from station 11 (mg m'3). (T = trace)

Chlorophyll a Phaeopigments

Date S 5m S 5m

1984
11.04 3.60 3.44 5.27 7.88
11.05 3.40 2.50 7.00 8.00

25.05 3.30 3.94 7.00 8.00

6.06 1.75 1.64 T T
20.06 1.30 0.93 T T
11.07 0.30 0.25 0.20 T
23.07 0.50 1.60 0.40 0.34
15.08 0.20 0.05 0.30 0.10

29.08 1.00 0.46 0.40 0.20

19.09 1.76 1.70 T T
3.10 1.30 1.30 0.37 T
17.10 1.50 0.80 T T
7.11 0.36 0.10 0.60 0.20

21.11 T 0.40 T 0.40
5.12 0.35 0.10 0.22 0.10

1985
3.01 0.20 T 0.02 T
31.01 0.20 T T T
20.02 0.07 0.09 0.20 1.20

6.03 1.00 1.30 0.34 0.10

13.03 5.0 5.10 1.60 0.80
20.03 12.5 13.7 7.60 10.4
29.03 17.7 18.1 5.70 3.70
3.04 4.70 4.50 2.50 2.40
19.09 4.65 3.10 1.40 0.50
9.10 4.80 2.45 0.65 1.35
30.10 1.83 1.25 T 0.20
11.11 0.80 0.68
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Table 3.3.1.  (Continued)

Chlorophyll a Phaeopigments

Date S 5m S 5m

1985
25.11 0.44 0.35 0.40 0.20
9.12 2.70 0.88 0.40 0.10

1986
6.01 1.36 0.23 0.96 0.20

12.02 0.40 0.25 0.02 0.02

10.03 1.00 0.80 0.25 0.08
19.03 2.20 1.20 0.80 0.53
26.03 2.40 2.34 0-25 0.23
2.04 9.52 2.10 1.10 0.35
9.04 2.30 1.60 0.70 0.32
23.04 4.40 4.50 1,00 0.55
7.05 4.83 3.45 T 0.85
4.06 9.67 10.2 T 0.32
18.06 3.00 1.90 0.20 0.83
2.07 2.00 4.00 0.84 0.60
16.07 1.80 1.42 0.63 0.53
30.07 7.00 6.66 0.60 T
10.09 6.67 4.80 1.53 1.30
6.10 0.80 0.90 0.22 0.00

27.10 1.50 0.50 2.77 0.13
12.11 0.27 0.50 0.43 0.73
23.12 1.00 0.00 0.97 0.00

1987
24.01 0.40 0.36 0.00 0.00

18.02 0.00 0.00 0.00 1.00

11.03 1.20 1.34 0.20 0.10

18.03 1.00 0.90 0.65 0.52
25.03 1.22 0.70 0.00 1.64
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Table 3.3.1.  (Continued)

Chlorophyll a Phaeopigments

Date S 5m S 5m

1987
8.04 8.00 7.50 0.00 0.00

15.04 10.0 9.30 0.70 0.60
22.04 12.0 9.40 0.50 0.00

2. Chlorophyll a and phaeopigments levels recorded for samples
collected from station 9 (mg m-3). (T = trace)

Chlorophyll a Phaeopigments

Date S 5m S 5m

11.04 3.90 4.10 5.00 5.20
11.05 3.20 3.45 8.00 9.00
25.05 3.00 4.00 0.42 2.20

6.06 1.20 1.60 0.00 0.00

20.06 1.00 0.90 0.00 0.00

11.07 0.24 0.30 0.00 0.20

23.07 0.40 2.47 0.42 0.92
15.08 0.34 0.50 0.32 0.61
29.08 1.34 0.45 0.16 0.22

19.09 1.60 1.86 0.00 0,00

3.10 1.36 1.82 0.26 0.00

17.10 1.24 0.83 0.32 0.16
7.11 0.20 0.03 0.34 0.05
21.11 0.00 0.94 0.00 0.05
5.12 0.04 0.16 0.26 0.00

1985
3.01 0.00 0.03 0.00 0.00
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Table. 3. 3. 2. (Continued)

Chlorophyll a Phaeopigments

Date S 5m S 5m

1985
31.01 0.130 0.200 0.000 0.000
20.02 0.320 0.450 0.000 0.050
6.03 1.150 1.130 0.100 0.000

13.03 5.000 3.800 2.400 0.660
20.03 15.97 14.42 17.89 15.93
29.03 12.98 12.42 3.300 4.780
3.04 4.960 4.730 2.630 1.720
19.09 4.000 3.400 0.620 0.160
9.10 3.000 2.000 0.000 0,430
30.10 2.330 2.400 0.240 0.000

11.11 0.700 0.700 0.430 0.500
25.11 0.270 0.440 0.260 0.720
9.12 2.700 0.510 0.120 0.080

1986
6.01 0.560 1.340 0.550 0.120

12.02 0.280 0.300 0.040 0.140
10.03 1.200 1.100 0.220 0.100

19.03 1.600 2.000 0.520 0.140
26.03 3.200 1.670 0.350 0.140
2.04 10.20 2.640 0.350 0.300
9.04 2.870 2.300 1.770 0.470
23.04 4.900 3.700 1.000 0.800
7.05 3.380 3.830 0.890 0.710
4.06 11.54 7.520 0.320 T
18.06 2.600 1.530 0.770 0.320
2.07 1.650 8.850 0.000 2.140
16.07 1.580 2.300 0.650 T
30.07 6.470 6.330 T T
10.09 3.630 2.800 0.860 0.730
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Table 3. 3. 2. (Continued)

Chlorophyll a Phaeopigments

Date S 5m S 5m

1986
6.10 1.53 1.20 0.00 0.58

27.10 2.15 0.67 0.52 1.27
12.11 0.66 0.72 0.32 0.23
23.12 1.28 0.16 1.44 0.30

1987
24.01 0.73 0.46 0.00 0.00

18.02 0.65 0.46 0.82 0.00

11.03 1.00 1.30 0.22 0.15
18.03 1.00 0.98 0.62 0.40
25.03 1.00 0.98 1.00 0.00

8.04 8.45 7.80 0.00 0.00

15.04 10.0 9.20 0.50 0.55

22.04 11.2 9.20 0.30 0.00

Following the above increase in chlorophyll concentration in the spring two subsequent 

chlorophyll peaks were observed during the summer between May and July. The first 

peak was recorded on 4 June in which the levels were 9.7 and 10.2 mg m'3 at surface 

and 5 metres depth, at station 11 and 11.5 and 7.5 mg m'3 at station 9. The second 

peak was recorded on 30 of July with the following level^7.1 and 6.6  mg m'3 at the 

surface and 5 metres depth at station 11 and 6.5 and 6.3 mg m'3 at station 9.

Relatively low chlorophyll concentrations were found on 16 July at both stations and at 

both depths with levels ranging between 1.4 to 2 mg m'3.
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During this period phaeopigment levels fluctuated between very low (trace quantities) 

and relatively high values (2mg m-3).

An autumnal peak was observed in 10 September. Chlorophyll concentrations were 6.7 

and 4.8 mg m~3 at station 11 at surface and 5 metres depth respectively and 3.6 and 2.8 

mg m~3 at station 9. Following this initial autumnal peak chlorophyll concentrations 

declined at both stations through 6th and 27th of October.

On the 6 October recorded surface levels were 0.8 and 1.53 mg chlorophyll m~3 at 

stations 11 and 9 respectively, whilst 5 metres levels were 0.9 mg m"3 at station 11 and

1.2 mg m"3 at station 9 .

Slightly higher surface levels were recorded on 27 October (1.5 mg m'3 at station 11 

and 2 mg m'3 at station 9), whilst lower 5 metres levels were recorded at the same date 

(0.5 mg m-3 at station 11 and 0.67 mg m'3 at station 9).

Highly variable phaeopigment levels were recorded on each sampling date during the 

autumn period. On 10 September the measured phaeopigments levels ranging between 

0.73 - 1.53 mg m'3, on 6 October ranging between analytical zero - 0.58 mg m'3 and 

on 27 October ranging between 0.13 - 2.8 mg m'3.

Winter chlorophyll levels were reached at both stations by 12 November. Chlorophyll 

concentrations at station 11 were 0.27 mg m'3 at surface and 0.5 mg m3 at 5 metres 

depth, at station 9 chlorophyll levels were 0.66 mg m'3 at surface and 0.7 mg m'3 at 5 

metres depth.

An increase in surface levels was recorded on 23 December at both stations (1 mg m'3 

at station 11 and 1.28 mg m-3 at station 9), very low levels were recorded at 5 metres 

depth at both stations (analytical zero at station 11 and 0.16 mg m'3 at station 9).
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During 22 January and 17 February . very low chlorophyll levels were recorded at both 

stations, at both depths with quantities ranging from analytical zero to 0.7 mg m’3.

On 12 November phaeopigment levels were higher for samples collected from station

11(0.44 and 0.73 mg m-3 at surface and 5 metres depth respectively), than those

collected from station 9 (0.3 and 0.2 mg m"3 at surface and 5 metres depth

respectively). Relatively high phaeopigment levels were recorded on 23 of December
^he

for samples collected from/surface at both stations (0.97 and 1.44 mg m-3 at stations

11 and 9 respectively); much lower 5 metres levels were recorded (analytical zero at 

station 11 and 0.3 at station 9). Unmeasurable quantities of phaeopigments were 

present on 22 January.

On 17 February phaeopigment levels were 1 mg m‘3 for samples collected from station 

11, at 5 metres depth and 0.82 mg m'3 for samples collected from station 9, at surface. 

For samples collected from station 11 at surface and station 9, at 5 metres depth 

unmeasurable quantities of phaeopigments were present

The spring outburst of 1987 started on 11 March in which chlorophyll concentrations 

first exceeded 1 mg m-3 at both stations, at both depths. Phytoplankton biomass levels 

during 11 March were more or less similar at both stations, with chlorophyll quantities 

ranging from 1 - 1.3 mg m-3.

During the month of March chlorophyll levels remained low, ranging from 0.98 and 1 

mg m-3 on 18 March to 1.22 and 1 mg m'3 on 25 March, at the surface for stations 11 

and 9 respectively and from 0.9 and 0.98 mg m-3 on 18 March to 0.7 and 0.98 mg m-3 

at 5 metres depth.

The levels of 8. and 7.5 mg m-3 at the surface and 5 metres depth, at station 11, and 8.5, 

6 mg m-3 at station 9 were recorded on 8 of April.
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Following this initial peak, a second major peak was observed at all depths on the 15

April, in which chlorophyll concentrations at station 11 were 10 and 9,25 mg m 3 at

surface and 5 metres depth respectively and 11.2 and 8,3 mg m'3 at station 9.

The peak in biomass quantity at station 11 was observed on 22 April in which

chlorophyll levels were 12 mg m'3 at surface and 10.9 mg m'3 at 5 metres depth. It i i  

interesting to notj  ̂ that the maximum levels of this spring were recorded later than those 

maxima recorded in the two previous years.

On 8, 15 and 22 April chlorophyll values were measured at surface, 1 metre, 5 metres 

and 10 metres depth at station 11 (Table. 3. 3. 3.).

Table 3. 3. 3. Recorded values of chlorophyll a at station 11 (mg m '^)

Depth (April 8) (April 15) (April 22)

Surface 8.00 10.00 12.00
1 metre 8.80 10.55 14.20
5 metres 7.50 9.250 10.90
10 metres 6.00 7.250 10.20

i
From this table, chlorophyll levels increased gradual^ throughout the month of April at

all depths. The highest chlorophyll values were found at 1 metre depth, the levels

decreased with the increase of depth. The maximum chlorophyll concentration was

observed at 1 metre depth on 22 April and was 14.2 mg m'3. The between variations 
(pncL

were quite small/may be as a result of the mixing in the water column. During each 

date of this period phaeopigment levels fljj^ctuated between very low (analytical zero) 

and relatively high quantities (1.65 mg m'3).

The highest maximum chlorophyll a levels were recorded during 1985 (Tables. 3. 3. 4. 

and 3. 3, 5.).
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4. Maximum recorded values of chlorophyll a at station 11 (mg m'^)

Depth 1984 1985 1986 1987

Surface 3.4 17.7 9.70 12.4
5 metres 3.9 18.0 10.1 13.7

Table 3. 3. 5. Maximum recorded values of chlorophyll a at station 9 (mg m“3)

Depth 1984 1985 1986 1987

Surface 3.9 15.9 11.5 11.6
5 metres 4.1 14.4 8.80 8.10
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3. 3, 2. Profiles of algal pigments:

Pigment analysis on chromatograms can provide indicators of algal types or biological 

processes in the water column.

The following were the major photosynthetic pigments separated and developed from 

phytoplankton samples collected from surface and 5 metres depth at stations 11 and 9, 

using thin layer chromatography as described on p.5'3 .

Pigment fraction : 1 : chlorophyll c (light green) ; 2 : Chlorophyll b (olive green) ; 3 

phaeophorbide a (grey) ; 4 ; neoxanthin (yellow) ; 5 : chlorophylHde a (blue green) ; 6 

diadinoxanthin (yellow) ; 7 : fucoxanthin (orange) ; 8 : carotene (orange) ; 9 

chlorophyll a (blue green) ; 10 : astaxanthin ( pink ) ; 11 : phaeophytin (grey).

For this study the major definitive pigments based on Rf values and colours were 

chlorophyll a and carotene (all algae), chlorophyll b (green algae), chlorophyll c 

(diatoms and dinoflagellates), fucoxanthin (diatoms), neoxanthin (green algae) and the 

chlorophyll breakdown products phaeophytin a, chlorophyllide a and phaeophorbide a.

Fig. 3. 3. 9. shows the set of chromatograms obtained from stations 11 and 9 at surface 

and 5metres depth for spring 1984.

For samples collected from surface and 5metres depth at station 11, chlorophylls a and
C(/ncL

c, carotene, diadinoxanthin,y/fucoxanthin were found, which were typical of the 

photosynthetic pigments of diatoms. In addition, chlorophyll b and neoxanthin, 

definitive pigments of green algae were present. The presence of chlorophyllide a 

indicated chlorophyllase activity in senescent diatoms, or it can be a filtration artifact. 

According to Barret and Jeffrey, (1964, 1971) the presence of chlorophyllide a 

indicated in the samples a small number of the senescent diatoms, whose lamellar 

bound chlorophyllase had hydrolysed the phytol chain from the parent chlorophyll. The

113



presence of the chlorophyll degradation products phaeophytin a and phaeophorbide a 

indicated possible feeding activity by copepods and other zooplankton.

At station 9 at surface and 5 metres depth the same general pigment pattern occured 

with the absence of identifiable quantities of diadinoxanthin and carotene.

Microscopic examination of the samples from both stations showed that there was an 

abundance of chain forming diatoms. The dominant organisms were Skeletonema 

costatum, Thalassiosira spp and Coscinodiscus spp. The microscopic examination of 

samples collected on 25 May also showed the presence of green flagellates in 

considerable numbers.

Figs. 3. 3. 10a. and 3. 3. 10b. show the set of chromatograms for samples collected 

frO>m surface and 5 metres depth at stations 11 and 9 in the early summer of 1984.

The diatom pigments (chlorophylls a and c, carotene, diadinoxanthin and fucoxanthin) 

were found at both stations and at both depths except for 5 metres depth at station 9, 

where fucoxanthin was not detected. Chlorophyll b and neoxanthin indicated the 

presence of green algae. Astaxanthin, the copepod carotenoid, was found on 

chromatograms obtained from surface and 5 metres depth at station 11 and from surface 

only at station 9.

The chlorophyll breakdown products phaeophytin a and phaeophorbide a were 

found at both depths while chlorophyllide a occurred at surface and 5 metres at station 

11 and only at the surface at station 9.

Microscopic examination showed a large numbers of green flagellates on 20 June. 

The dominant diatoms were Nitzschia seriata, 5. costatum and Thalassiosira 

nordenskioldii. Other organisms present included the diatoms Coscinodiscus spp, 

Diatoma spp, Grammatophora marina, Melosira spp, Melosira sulcata and Navicula 

spp. During this period diatoms were the dominant fraction of the population.
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Figs. 3. 3. lia . and 3. 3. 11b. show the set of chromatograms for samples collected 

from both stations at both depths in late summer of 1984.

The diatom pigments chlorophylls a and c, carotene, diadinoxanthin, and fucoxanthin 

were found at both stations, at both depths. In addition, chlorophyll b and neoxanthin, 

definitive pigments of green algae were present on chromatograms of pigments 

obtained from station 9 only. Astaxanthin was found on chromatograms obtained from 

station 11 at both depths and at station 9 from 5 metres depth only. The chlorophyll 

break down product phaeophytin a was found at both stations, at both depths, while 

chlorophyllide a was present only on the chromatograms obtained from station 11, at 

the surface and 5 metres depth.

Microscopic examination of the samples showed a bloom of green flagellates on the 23 

July. On the 15 and the 29 August diatoms made up most of the population. The 

dominant species were Nitzschia spp, S. costatum and Thalassiosira nordenskioldii. 

Other organisms present included the diatoms Chaetoceros spp, Coscinodiscus spp, 

Biddulphia mohiliensis, Diatoma spp and Rhizosolenia setigera. Also present but in

very small numbers were the dinoflagellates Ceratium fusus, C. furca, C. tripos and 

Protoperidinium spp 

very small numbers.

Protoperidinium spp. The silicoflagell ate Dictyocha speculum was also present in a

Figs. 3. 3. 12a. and 3. 3. 12b. show the set of chromatograms for samples collected 

from stations 11 and 9 at surface and 5 metres depth in autumn 1984.

Large zones of chlorophyll a and carotene were observed for the samples collected from 

both stations at both depths. Although chlorophyll b was found, the microscopic 

examination of the samples did not show any green flagellates to be present. The 

presence of chlorophyll b could probably be attributed to the presence of fragments of
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green filaments from shore habitats. Chlorophyll break down products were found 

including phaeophytin a, chlorophyllide a and phaeophorbide a.

The microscopic examination of samples collected during this period showed the 

presence of diatoms of which the most common species was 5. costatum. Other

diatoms were observed including Achnanthes longipes, Chaetoceros spp, Chaetoceros
cc

hals^Uicum, Melosira spp, Navicula spp, Nitzschia spp, Nitzschia longissima, 

Rhabdot^ma arcuatum and Thalassiosira spp. On the 3 and 17 October, 

dinoflagellates succeeded diatoms as the dominant fraction of the population, with 

Ceratium furca  and C. tripos as the dominant species. Also present was the 

silicoflagellate Dictyocha speculum. The paramount carotenoid band may have 

included some dinoflagellate xanthophyll which failed to separate.

Figs. 3. 3. 13a. and 3. 3. 13b. show the set of chromatograms obtained from both

stations, at both depths for early winter 1984.

Again zones of chlorophyll a and carotene were prominent at both stations and at both 

depths. Similar to autumn the green algal pigment chlorophyll b was observed in the

absence of green flagellates. Also present at both stations , at both depths were the

chlorophyll breakdown products of phaeophorbide a and chlorophyllide a.

Microscopic examination of the samples collected during this period showed the 

presence of diatoms of which the most dominant species were Coscinodiscus spp, 

Navicula spp and S. costatum. Also present were dinoflagellates, including Ceratium 

and Protoperidinium species. In relation to the total number of algal cells the 

silicoflagellate Dictyocha speculum was observed in relatively large numbers mainly on 

the 7 and 21 November.
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Figs. 3. 3. 14a. and 3 .3 . 14b. show the sets of chromatograms obtained from both 

stations at both depths for late winter of 1984. As seen in Fig. 3. 3. 14b the quantities 

were barely detectable.

The pigments of carotene, fucoxanthin and chlorophyll c were found at both stations, at 

both depths, while chlorophyll a was found only at station 11 (surface). The absence of 

chlorophyll a from station 11 (5 metres) and from station 9 at surface and 5 metres 

depth, suggest that the pigment was associated with detrital material. Because of the 

absence of green flagellates, the chlorophyll b observed could again be probably 

associated with fragments of green filaments from shore habitats. The presence of 

the chlorophyll degradation product phaeophytin a could be a further indication of 

decomposition.

Microscopic examination of samples collected during this period indicated the presence
S'

of small number of diatoms, and smaller number^of dinoflagellates and silicoflagellates. 

The dominant organisms were Navicula spp, S. costatum and Thalassiosira 

nordenskioldii.

Figs. 3. 3. 15a. and 3. 3. 15b. show the set of chromatograms obtained from both 

stations, at both depths for spring of 1985.

Clear and distinct zones of chlorophyll a, carotene and chlorophyll c were found at both 

stations, at both depths, in addition although the microscopic examination did not reveal 

the presence of any green flagellates chlorophyll b was found at both stations, at both 

depths, which again could be associated with fragments of green filaments from shore 

habitats. The chlorophyll degradation products phaeophytin a and phaeophorbide a 

were found at both stations, at both depths which indicated feeding activity by 

zooplankton.
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The microscopic examination of samples collected during this period showed that the 

population was made up mostly of diatoms and small numbers of dinoflagellates and 

silicoflagellates. The most common diatom was 5. costatum. The diatom 

Leptocylindrus danicus was observed in large numbers on 6 and 13 March. The 

diatoms Coscinodiscus spp, Cocconeis disculus, Navicula spp, Nitzschia spp, Nitzschia 

bilobata, Synedra spp, Thalassiosira decipiens and T. nordenskioldii were present in all 

samples collected during this period. The only dinoflagellate species observed was 

Ceratium lineatum on 13 March.

Figs. 3. 3. 16a. and 3. 3. 16b. show the set of chromatograms obtained from both 

stations, at surface and 5 metres depth for autumn of 1985.

The most prominent pigments were chlorophyll a, diadinoxanthin, fucoxanthin and 

chlorophyll c found at both stations. In addition chlorophyll b was present on 

chromatograms of pigments from both stations at both depths. Astaxanthin, the 

copepod carotenoid, was found on chromatograms obtained from both stations. The 

presence of chlorophyllide a, which indicated chlorophyllase activity in diatoms, was 

found at both stations. The chlorophyll degradation products phaeophytin a and 

phaeophorbide a were found on all chromatograms, again a possible indication of 

grazing activity.

Microscopic examination showed the presence of diatoms, dinoflagellates and 

silicoflagellates. The dominant diatoms were S. costatum ( on 19 September ) and 

Coscinodiscus spp (on 30 October). Other diatoms observed during this period 

include<]6 Chaetoceros spp, Diatoma spp, Melosira spp and T. nordenskioldii. The 

most common dinoflagellate was Ceratium lineatum, also observed was the 

silicoflagellate Dictyocha speculum. The presence of chlorophyll b could be attributed 

to fragments of green filam en^algae from shore habitats.
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Figs. 3. 3. 17a. and 3. 3. 17b. show the set of chromatograms obtained from both 

stations at surface and 5 metres depth for winter of 1985 - 1986.

Although quantities were very small chlorophyll a, carotene and chlorophyll c were 

found at both stations. Also present was chlorophyll b which indicated the presence of 

green flagellates. The chlorophyll degradation products phaeophytin a, chlorophyllide a 

and phaeophorbide a were found on all chromatograms.

The microscopic examination of samples collected during this period showed that 

diatoms were the dominant fraction of the population, with the exception of samples 

collected on 12 February when green flagellates succeded diatoms as the dominant 

fraction. Coscinodiscus spp succeded S. cotatum as the dominant diatom. Other 

diatoms observed included Gomphonema spp, Grammatophora marina, Melosira spp, 

Rhabdonema arcuatum and Synedra spp. Ceratium lineatum was the most common 

dinoflagellate observed. Also present was the silicofl^gellate Dictyocha speculum.

Figs. 3. 3. 18a. and 3. 3. 18b. show the set of chromatograms obtained from both 

stations, at both depths in spring of 1986.

Chlorophylls a and c, carotene, diadinoxanthin and fucoxanthin, which were typical of 

the photosynthetic pigments of diatoms were found on all chromatograms. Also present 

in all chromatograms was the green algal pigment chlorophyll b, which could be 

probably attributed to the presence of fragments of green filaments. Also present was 

the copepod carotenoid astaxanthin. The chlorophyll degradation products phaeophytin 

a, chlorophyllide a and phaeophorbide a were present in all chromatograms, which were 

possible indicators of grazing activities.

The microscopic examination of samples collected during this period shows that the 

population was almost made up entirely of diatoms. No green flagellates nor 

dinoflagellates were observed. S. costatum was the dominant species, other species 

were present including Achnanthes longipes, Biddulphia aurita, Coscinodiscus spp,
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Grammatophora marina, Licmophora spp, Navicula spp, Nitzschia spp and T. 

nordenskioldii. Also present was the silicoflagellate Dictyocha speculum.

Figs. 3, 3. 19a. and 3. 3. 19b. show the sets of chromatograms obtained from stations 

11 and 9 at surface and 5 metres depth for summer of 1986.

From these chromatograms it is evident that living diatoms were present, due to the 

presence of chlorophylls a and c and fucoxanthin. In addition, chlorophyll b and 

neoxanthin, showed the presence of green algae, Astaxanthin, the copepod carotenoid, 

was found on all of the chromatograms. The chlorophyll breakdown products 

phaeophytin a, chlorophyllide a and phaeophorbide a were found on all chromatograms, 

which indicated possible feeding activity by copepods and other zooplankton.

Microscopic examination of samples collected on 4 June, 2, 16 and 30 July showed that 

the population was made up entirely of diatoms, of which the dominant species was S. 

costatum. Other diatom species observed during this period were Coscinodiscus spp, 

Cocconeis disculus, Diatoma spp, Diatoma elongatum, Melosira spp, Navicula spp, 

Pleurosigma spp and T. nordenskioldii. On 7 May green flagellates succeded diatoms 

as the dominant fraction of the population. On 18 June green flagellates contributed 

lar^y  to the total biomass of the population.

Figs. 3. 3. 20a. and 3. 3. 20b. show the set of chromatograms obtained from station 11 

at surface and 5 metres depth. Figs. 3. 3. 20a. and 3. 3. 20c. show the sets of 

chromatograms obtain^rom  station 9 at surface and 5 metres depth for autumn 1986.

Chlorophyll a, carotene and chlorophyll c were found on all chromatograms. In 

addition chlorophyll b the green algae pigment and astaxanthin the copepod carotenoid 

were found on all chromatograms. Also found on all chromatograms were the 

breakdown products of chlorophyll including phaeophytin a, chlorophyllide a and 

phaeophorbide a.
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The microscopic examination of samples collected during this period showed the 

presence of diatoms as the dominant fraction of the population, together with 

dinoflagellates. Silicoflagellates were represented by Dictyocha speculum, and green 

flagellates were observed. The dominant diatom was S. costatum, with the exception 

of samples collected on 10 September when S. costatum was succeeded by Diatoma spp 

as the dominant species. Other diatoms were present including Amphora spp, 

Asterionella spp, Chaetoceros spp, Chaetoceros atlanticum, Chaetoceros externum, 

Grammatophora marina, Leptocylindrus danicus, Nitzschia seriata, Rhizosolenia spp, 

T. decipiens and T. nordenskioldii. Also present were the dinoflagellates Ceratium 

fusus, C. furca, C. lineatum, C. tripos and Protoperidinium spp. On 27 October green 

flagellates were present in large numbers.

Figs. 3. 3. 21a. and 3. 3. 21b. show the set of chromatograms obtained from station 11 

and 9 at surface and 5 metres depth for winter 1986 - 1987.

The complement of diatom pigments (chlorophyll a, carotene and diadinoxanthin) was 

found at all chromaograms. The only other pigments found were the chlorophyll 

breakdown products of phaeophytin a, chlorophyllide a and phaeophorbide a which 

indicated possible feeding activity by zooplankton.

The microscopic examination of samples collected during this period showed that 

diatoms were dominant, of which Coscinodiscus spp, Diatoma spp, Leptocylindrus 

danicus, Melosira spp, Nitzschia seriata and S. costatum were frequent . The 

dinoflagellates C. extensum, C. lineatum, C. tripos and Protoperidinium spp were 

present in small numbers. Also present in a very small numbers were the 

silicoflagellate Dictyocha speculum and green flagellates.

Figs. 3. 3. 22a. and 3. 3. 22b. show the set of chromatograms obtained from both 

stations, at both depths for spring 1987.

The full range of photosynthetic pigments for this study were found on all 

chromatograms, except for diadinoxanthin which was absent from the chromatograms 

which represented the samples collected from station 9 (surface).
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The microscopic examination of samples collected during this period showed the 

presence of diatoms, dinoflagellates, silicoflagellates and green flagellates. Diatoms 

made up most of the population with S. costatum as the dominant species. Other 

diatoms were present including Coscinodiscus spp, Cocconeis disculus, Diatoma spp, 

Leptocylindrus danicus, Nitzschia bilobata, N. seriata and T. nordenskioldii. The 

contribution of green flagellates increased gradually throughout the spring months. 

Other organisms were present but in small numbers included the dinoflagellatesC. 

extensuum and Protoperidinium spp and the silicoflagellate Dictyocha speculum.
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Fig. 3. 3. 9. Chromatograms of algal pigments at stations 11

and 9, at surface and 5 metres depth.

( spring, 1984 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

4 = Neoxanthin

5 = Chlorophyllide a

6 = Diadinoxanthin

7 = Fucoxanthin

8 = Carotene

9 = Chlorophyll a

10 = Astaxanthin

11 = Phaeophytin a
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Figs. 3. 3. 10a and . Chromatograms of algal pigments at stations 11

3 .3 . 10b. and 9, at surface and 5 metres depth.

( early summer, 1984 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

5 = Chlorophyllide a

6 = Diadinoxanthin

7 = Fucoxanthin

8 = Carotene

9 = Chlorophyll a

10 = Astaxanthin 

11= Phaeophytin a
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Figs. 3. 3. l ia . a n d . Chromatograms of algal pigments at stations 11 

3. 3. 11b. and 9, at surface and 5 metres depth.

( late summer, 1984 ).

1 = Chlorophyll c

2 = Chlorophyll b

4 = Neoxanthin

5 = Chlorophyllide a

6 = Diadinoxanthin

7 = Fucoxanthin

8 = Carotene

9 = Chlorophyll a

10 = Astaxanthin 

11= Phaeophytin a
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Figs. 3. 3. 12a. and Chromatograms of algal pigments at stations 11 

3. 3. 12b. and 9, at surface and 5 metres depth.

( autumn, 1984 ).

2 = Chlorophyll b

3 = Phaeophorbide a 

5 = Chlorophyllide a

8 = Carotene

9 = Chlorophyll a 

11= Phaeophytin a
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Figs. 3. 3. 13a. and Chromatograms of algal pigments at stations 11

3 .3 . 13b. and 9, at surface and 5 metres depth.

( early winter, 1984).

2 = Chlorophyll b

3 = Phaeophorbide a 

5 = Chlorophyllide a

8 = Carotene

9 = Chlorophyll a
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Figs. 3. 3. 14a. and Chromatograms of algal pigments at stations 11 

3. 3. 14b. and 9, at surface and 5 metres depth.

( late winter, 1984 ).

1 = Chlorophyll c

2 = Chlorophyll b

7 = Fucoxanthin

8 = Carotene

9 = Chlorophyll a 

1 1 = phaeophytin a
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Figs. 3. 3. 15a. and Chromatograms of algal pigments at stations 11 

3. 3. 15b. and 9, at surface and 5 metres depth.

( spring, 1985 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

8 = Carotene

9 = Chlorophyll a 

11= Phaeophytin a
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Figs.3. 3. 16a. and Chromatograms of algal pigments at stations 11

3. 3, 16b. and 9, at surface and 5 metres depth.

( autumn, 1985 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

5 = Chlorophyllide a

6 = Diadinoxanthin

7 = Fucoxanthin

9 = Chlorophyll a

10 = Astaxanthin 

11= Phaeophytin
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Figs. 3. 3. 17a. and Chromatograms of algal pigments at stations 11 

3. 3. 17b. and 9, at surface and 5 metres depth.

( winter, 1985 - 1986 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide

5 = Chlorophyllide a

8 = Carotene

9 = Chlorophyll a 

11= Phaeophytin a
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Figs. 3. 3. 18a. and Chromatograms of algal pigments at stations 11 

3. 3. 18b. and 9, at surface and 5 metres depth.

( spring, 1986 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

5 = Chlorophyllide a

6 = Diadinoxanthin

7 = Fucoxanthin

8 = Carotene

9 = Chlorophyll a

10 = Astaxanthin 

11= Phaeophytin a
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Figs. 3. 3. 19a. and Chromatograms of algal pigments at stations 11 

3. 3. 19b. and 9, at surface and 5 metres depth.

( summer, 1986 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

4 = Neoxanthin

5 = Chlorophyllide a 

7 = Fucoxanthin

9 = Chlorophyll a

10 = Astaxanthin 

11=  Phaeophytin a
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Fig.3.3.20a. Chromatograms of algal pigments at stations 11

and 9, at surface and 5 metres depth.

( autumn, 1986 ).

Fig. 3. 3. 20b. Chromatograms of algal pigments at station 11,

at surfac and 5 metres depth.

Fig. 3. 3. 20c. Chromatograms of algal pigments at station 9,

at surface and 5 metres depth.

1 -  Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a 

5 = Chlorophyllide a

8 = Carotene

9 = Chlorophyll a

10 = Astaxanthin 

11= Phaeophytin a
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Figs. 3. 3. 21a. and Chromatograms of algal pigments at stations 11

3.3 .21b . and 9, at surface and 5 metres depth.

( winter, 1986 - 1987 ).

3 = Phaeophorbide a

5 = Chlorophyllide a

6  = Diadinoxanthin

8 = Carotene

9 = Chlorophyll a 

11= Phaeophytin a
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Figs.3. 3. 22 a. and Chromatograms of algal pigments at stations 11 

3. 3. 22b. and 9, at surface and 5 metres depth.

( spring, 1987 ).

1 = Chlorophyll c

2 = Chlorophyll b

3 = Phaeophorbide a

4 = Neoxanthin

5 = Chlorophyllide a

6 = Diadinoxanthin

7 = Fucoxanthin

8 = Carotene

9 = Chlorophyll a

10 = Astaxanthin 

11= Phaeophytin
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3. 3. 3. Discussion:

A group of related pigments or just one specific component can be used not only to 

determin the distribution of algal types present but also to indicate the biological 

processes in t ^  water column. For example, the cluster of chlorophyll a and c, 

carotene, diadinoxanthin and fucoxanthin denoted the presence of living diatoms. The 

presence of chlorophyll b and neoxanthin indicated the presence of green algae. 

Astaxanthin was the specific pigment which indicated the presence of copepods. 

Chlorophyllide a indicated chlorophyllase activity in senescent diatoms ( or it can be a 

filtration art fact ), and the chlorophyll degradation products phaeophytin a and 

phaeophorbide a indicate feeding activity of copepods and other zooplankton , or can 

be a sign of the decline of a population.

A distinctive and close correlation between the types of pigments obtained , and the 

algal composition of the different samples collected on the different sampling dates was 

observed. A similar system for pigment identification and results interpretation was 

mentioned by Jeffrey, (1974).

During the course of this study the principal definitive pigments reflected the 

components in the samples. For example, the chromatograms obtained for samples 

collected during the spring of 1985 showed clear and distinct zones of chlorophyll a, 

carotene and chlorophyll c, which correlated with the large increase of diatoms during 

this period; diatoms being by far the dominant part of the population.

The density and colour intensity of different pigment spots were also good indications 

for the quantity of phytoplankton populations as expected. For example, the small and 

vague chlorophyll a, carotene, chlorophyll c and chlorophyll b spots obtained on 

chromatograms of samples collected during the winter of 1985 - 1986. This indicated 

that small total algal biomass was present. Similarly the microscopic examination of
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c
samples collected during the same period showed the presen(e of small sized 

populations of phytoplankton.

One of the obvious features of this study was the frequent presence of chlorophyllide a. 

The presence of this pigment has been mentioned by (Patteson and Parsons, 1963; 

Jeffrey, 1965), which probably indicated the presence of senescent diatoms in the 

samples.

The presence of chlorophyll a indicates the presence of living algal cells. During late 

winter, 1984 with the exception of samples collected from station 11 (surface), the 

absence of detectable chlorophyll a meant that the pigments were associated with 

senescent cells or detrital material.

The occurrence of phaeophorbide a as a double decomposition product of chlorophyll a 

(loss of phytol and magnesium), was also mentioned by Jeffrey, (1971) as being/likely a 

result of the passage of the algae through the gut of small marine animals, which was 

confirmed by the chromatographic study of copepod faecal pellets.

Lorenzen, (1965, 1967b); Yentsch, (1965) had given the phaeophytin a a central role in 

chlorophyll a degradation processes in the oceans. Quite often during this study due to 

the absence of green algae the presence of chlorophyll b was attributed to the presence 

of fragments of green filaments from shore habitats.

The three chlorophyll a degradation products were observed almost in all the 

chromatograms, in different clarities and distinctiveness with the exception of the 

chromatograms for late summer (1984), where phaeophorbide a was absent, the 

chromatograms for late winter (1984 - 1985) in which the only chlorophyll break down 

product present was phaeophytin a and the chromatograms for spring (1985), in which 

chlorophyllide a was absent.
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3. 4, Phytoplankton quantities and composition:

Table 3 . 4 .  1. lists the diatoms, dinoflagellates and other algae recorded at the two 

stations 11 and 9 (surface and 5 metres depth) during the period of this study. Figs. 3.

4. 1 . -3 .  4. 4. summarize the total number of phytoplankton cells per litre at the time of 

sampling 1984-1987; Figs. 3. 4. 5. - 3. 4. 8 . show the percentages of planktonic to 

benthic organisms over the same period and Figs. 3. 4. 9. - 3. 4. 12. illustrate the 

percentages of diatoms to dinoflagellates and other flagellates.

Table 3 . 4 .  1. The systematic list of the organisms recorded in the Fairlie Channel 

during the period of this study. B= Benthic, P= Planktonic.

Diatoms.

1 Achnanthes spp. Bory. (B)

2 Achnanthes brevipes Agardh. (B)

3 Achnanthes longipes Agardh. (B)

4 Amphiprora paludosa W. Sm. (P)

5 Amphiprora surirelloides Hendey. (P)

6 Amphora spp. Ehrenberg.(B)

7 Amphora macilenta Greg. (B)

8 Amphora robusta Greg. (B)

9 Asterionella spp. Hassall ex W. Smith, 1856 (P)

10 Asterionella japonica Cleve and Moller. (P)

11 Biddulphia spp . Gray, 1821. (P)

12 Biddulphia aurita (Lyngb.) de Breb. (P)

13 Biddulphia mobiliensis (Bail.) Grun. ex Van Heurek (P)
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14 Biddulphia regia (Schultze) Ostenf. (P)

15 Biddulphia sinensis G vqv. (P)

16 Chaetoceros spp. (Ehrenberg) (P)

17 Chaetoceros atlanticum Cleve. (P)

18 Chaetoceros didymum Ehrenb. (P)

19 Chaetoceros externum Gran. (P)

20 Chaetoceros holsaticum Schutt (P)

21 Cistula lorenziana (Grun.) Cleve (B). (Very rarely observed on British

shores).

22 Cocconeis spp. Ehr^nbtrg, 1^94

23 Cocconeis clandestina Schm. (B)

24 Cocconeis disculus (Schum.) Cleve (B)

25 Cocconeis sublittoralis Hendey (B)

26 Coscinodiscus spp. Ehrenberg, 1838

27 Diatoma spp.

28 Diatoma elongatum C ^1)

29 Diploneis bomboides (Schm.) Cleve (B)

30 Diploneis chersonensis Grun. (B)

31 Diploneis crabro EhTQnbQTg (B)

32 Ditylum brightwellii (West) Grun. ex Van Heurck (P)

33 Epithemia spp. de Brebisson, 1838 (B)
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34 Eucampia z o ^ ia c u s  Ehrenb. (P)

35 Fragilaria spp. Lyngbye, 1819 (B)

36 Fragilaria capucina Desmaz (B)

37 Fragilaria islandica Grun, ex Van Heurck (B)

38 Fragilaria virescens Grun. (B)

39 Gomphonema spp. Husted in Pascher, 1930 (P)

40 Grammatophora marina (Lyngb.) Kutz. (B)

41 Grammatophora serpentina Ehrenb. (B)

42 Gyroj/gma 5/?p. Hassall, 1845 (B)

43 Isthmia enervis Ehrenb. (B)

44 Leptocylindrus danicus Cleve (P)

45 Licmophora spp. Agardh, 1827 (B)

46 Melosira spp. Agardh, 1824 (P)

47 Melosira nwnmuloides (Dillw.) Agardh

48 Naviculaspp. Bory, 1822 (B)

49 Navicula distans (W. Sm.) Cleve (B)

50 Nitzschia spp. Hassall, 1845 (B)

51 Nitzschia bilobata W. Sm. (B)

52 Nitzschia frigida Grun. Cleve and Grun (B)
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53 Nitzschia longissima (de Breb.) Ralphs ex Pritch (P)

54 Nitzschia seriata Cleve (P)

55 Pinnulariaspp. Ehrenberg, 1843 (B)

56 Pinnularia ambigua Cleve (B)
n

57 Pinnularia rectajgulata (Greg.) Cleve (B)

58 Pleurosigma spp. W. Smith, 1852 (B)

59 Pleurosigma aestuarii (de Breb. ex Kutz.) W. Sm. (B)

60 Pleurosigma elongatum (Lyngb.) Kutz (B)

61 Rhabdonema arcuatum (Lyngb.) Kutz. (B)

62 Rhizosolenia spp. Brightwell, 1858 (P)

63 Rhizosolenia delicatula Cleve (P)

64 Rhizosolenia setigera Brightwell. (P)

65 Rhizosolenia stolterfothii Perag. (P)

66  Rhoicosphenia curvata (Kuz.) Grun. (B)

67 Scoliopleura tumida (de Breb. ex Kutz.) Rab (B)

68 Siceletonema costatum (Grev.) Cleve (P)

69 Stauroneis membranacea (Cleve) Hust. (P)

70 Surirella salina W. Sm. (B)

71 Synedraspp. Ehrenberg, 1830 (B)
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72 Synedra gaillonii (Bory) Ehrenb. (B)

73 Synedra ulna (Nitzschia) Ehrenb.

74 Thalassiosira spp. Cleve, 1873 (P)

75 Thalassiosira decipiens (Grun.) Jorg. (P)

76 Thalassiosira gravida Cleve (P)

77 Thalassiosira nordenskioldii Cleve (P)

Dinoflagellates.

78 Ceratium extensum (Gourret) Cleve (P)

79 Ceratium fus us (Ehrenberg) Dujardin (P)

80 Ceratium furca  (Ehrenberg) Clapared and Lachmann (P)

81 Ceratium inflation (Kofoid) Jorgensen (P)

82 Ceratium lineatum (Ehrenberg) Cleve (P)

83 Ceratium longipes (Bailey) Gran. (P)

84 Ceratium longirostrum Gourret (P)
0

85 Ceratium macrj^eros (Ehrenberg) Vanhoffen (P)

86  Ceratium tripos (O.F. Muller) Nitzsch (P)

87 Dinophysis acuta Ehrenberg (P)

88 Protoperidinium spp. Ehrenberg, 1831. (P)

89 Protoperidinium conicum (Gran) Balech. (P)

90 Protoperidinium divergens (Ehrenb.) Balech. (P)

91 Protoperidinium excentricum (Pauls.) Balech. (P)

92 Protoperidinium ovatum Pouchet. (P)

93 Protoperidinium pyriforme (Pauls.) Balech. (P)
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Silicoflagellates.

94 Dictyocha speculum (P)

Other Flagellates.

95 Green flagellates (P)
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Figure. 3. 4. 1. The total number of phytoplankton cells. I'l at the

surface and 5 metres depth. Station 11.

From 28 April 1984 to 6 January 1986.
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Figure. 3. 4. 2. The total number of phytoplankton cells. 1"̂  at the

surface and 5 metres depth. Station 11.

From 12 February 1986 to 22 April 1987.
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Figure 3. 4. 3. The total number of phytoplankton cells. I'l at the

surface and 5 metres depth. Station 9.

From 28 April 1984 to 6 January 1986.
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Figure 3.4 .4 .  The total number of phytoplankton cells. 1'̂  at the

surface and 5 metres depth. Station 9.

From 12 February 1986 to 22 April 1987.
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Figure 3.4.5.  The percentages of planktonic to benthic organisms at

the surface and 5 metres depth. Station 11.

From 11 April 1984 to 9 December 1985.
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Figure 3. 4. 6. The percentages of planktonic to benthic organisms at

the surface and 5 metres depth. Station 11.

From 6 January 1986 to 22 April 1987.
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Figure 3 .4 .7 .  The percentages of planktonic to benthic organisms at

the surface and 5 metres depth. Station 9.

From 11 April 1984 to 9 December 1985.
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Figure 3 .4 .8 .  The percentages of planktonic to benthic organisms

at the surface and 5 metres depth. Station 9.

From 6 January 1986 to 22 April 1987.
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Figure 3. 4. 9. The percentages of diatoms to dinoflagellates and

other flagellates at the surface and 5 metres depth.

Station 11, From 11 April 1984 to 9 December 1985.
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Figure 3. 4. 10. The percentages of diatoms to dinoflagellates and

other flagellates at the surface and 5 metres depth.

Station 11. From 6 January 1986 to 22 April 1987.
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Figure 3.4. 11. The percentages of diatoms to dinoflagellates and

other flagellates at the surface and 5 metres depth.

Station 9. From 11 April 1984 to 9 December 1985.
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Figure 3. 4. 12. The percentages of diatoms to dinoflagellates and 

other flagellates at the surface and 5 metres depth. 

Station 9. From 6 January 1986 to 22 April 1987.
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Spring 1984

The algal biomass was relatively low for this time of the year, the climax of the spring 

diatom increase probably occurred prior to the beginning of the sampling dates.

On April 28th, at station 11 (surface), the total number of algal cells was 129.7 x 1Q3 

cells. I 'i, of which 94.5% were truly planktonic species and the rest were benthic. 

Diatoms represented 98% of the total biomass of which the most dominant species were 

Skeletonema costatum (58.2%); Thalassiosira nor dens kioldii (19%) and Coscinodiscus 

spp. (16.9%). The diatoms Navicula spp., Rhabdonema arcuatum and Rhizosolenia 

spp. were observed in much smaller numbers (Table. 3. 4. 2.). The silicoflagellate 

Dictyocha speculum represented 2% of the total quantity.

At 5 metres depth, the total number of algal cells was 106 x 10^ cell. 1“^, of which 

97.56% were truly planktonic species and the rest were benthic. Diatoms represented 

99.7% of the total biomass, of which the most dominant species were Skeletonema 

costatum (52.4%); Thalassiosira nordenskioldii (24.2%) and Coscinodiscus spp 

(20.6%).

The diatoms Navicula spp, N. distans and Pleurosigma spp were observed in very 

small numbers. The silicoflagellate Dicfyoc&z speculum represented 0.33% of the total 

biomass. As expected, the proportions of the principal species were similar at the two 

levels sampled.

At station 9 (surface), the total number of algal cells was 137.2 x 10^ cells. 1" ,̂ of 

which 95.6% were truly planktonic species and the rest were benthic. Diatoms 

represented 99.8% of the total biomass, of which the most dominant were S.costatum 

(58.5%); T. nor dens kioldii (18.58%) and Coscinodiscus spp. (16.7%). The diatoms 

Diatoma spp, Navicula spp, Pleurosigma spp, Rhabdonema arcuatum and Synedra spp
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Table. 3 .4 .2 .  The number of algal cells (b^) and their percentages, for 28th April 1984, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5 m S 5 m

n % n % n % n %

Diatoms:
Coscinodiscus spp. (?) 21952 16.9 21952 20.6 22920 16.7 15495 15.84

Diatoma spp. (g) - - - 968 0.7 332 0.38

Gomphonema sp. (?)
- - - 332 0.23 — -

Melosira sp. (?)
- - - - - 968 0.99

Navicula spp. (B) 3228 2.48 1614 1.51 2905 2.1 3551 3.6

Navicula distans (B) — - 322 0.3 - — - -

Pleurosigma spp. (B) - - 645 0.6 645 0.47 322 0.33

Rh. arcuatum (B) 1291 0.99 — - 322 0.23 — -

Rhizosolenia spp. (?) 322 0.25 — - — - 332 0.33

S. costatum (?) 75541 58.2 55849 52.42 80348 58.51 55526 56.76

Synedra sp. (B)
- - - -

1936 1.54
- -

T. nordenskioldii (?) 24857 19.15 25826 24.24 25503 18.58 20338 20.79

Silicoflagellates:

D. speculum (?) 2582 2.03 322 0.33 1291 0.94 968 0.99
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were present in very small numbers. The silicoflagellate Dictyocha speculum 

represented 0.94% of the total biomass.

At 5 metres depth, the total number of algal cells was the minimum for the spring, 

97.81 X lO^cells.l'^, of which 95.99% were truly planktonic species and the rest were 

benthic. Diatoms represented 99% of the total biomass of which the most dominant 

species were S. costatum (56.76%); T. nordenskioldii (20.8%) and Coscinodiscus spp 

(15.84%). The diatoms Diatoma spp, Melosira spp, Navicula spp. and Rhizosolenia 

spp were present in small numbers (Table. 3. 4. 2. ). The silicoflagellate Dictyocha 

speculum represented 0.99% of the total biomass.

On May 11th, the population was made up entirely of diatoms, with Skeletonema 

costatum as the dominant species.

At station 11 (surface), the algal biomass of diatoms was 577.2 x lO^cells.T^, 

maximum for the spring, of which 99.93% were truly planktonic species and the rest 

were benthic. Skeletonema costatum was the most dominant species, being present in 

numbers of 397.7 x lO^cells.l"!, which accounted for 68.9% of the total biomass, next 

in abundance was Thalassiosira nordenskioldii (26.4%). The diatoms Coscinodiscus 

spp and Licmophora spp were found in much smaller numbers (Table. 3. 4. 3.).

At 5 metres depth, the algal biomass was 350.9 x lO^cells.l"^, of which 97.85% were 

truly planktonic species and the rest were benthic. S. costatum was the most dominant 

species, being present in numbers of 188.85 x lO^cells.T^, which accounted for 53.8% 

of the total biomass, next in abundance was T. nordenskioldii (39%), The diatoms 

Coscinodiscus spp, Licmophora spp and Navicula spp were observed in much smaller 

numbers (Table. 3. 4. 3.).
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Table. 3.4.  3. The number of algal cells (1'̂ ) and their percentages, for 11th May, are summarised in
the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5 m S 5m

n % n % n % n %

Diatoms:
Coscinodiscus spp. (?) 26471 4.58 17432 4.96 20983 10.48 15495 9.62

Licmorpha spp. (B) 322 0.07 322 0.13 - - - -

Navicula spp. (B)
- -

7102 2.02
- - 3228 1.99

S.costatum (?) 397723 69 188853 53.8 135587 67.52 104918 65

T. nordenskioldii 
(P)

152697 26.45 137201 39.09 44227 22 37770 23.39
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At station 9 (surface), the total number of diatom cells was 200.79 x lO^cells.1‘ 1, made 

up entirely of truly planktonic species.

Skeletonema costatum was by far the most dominant species, being present in numbers 

of 135.58 X lO^cells.l"!, which accounted for 67.52% of the total biomass, next in 

abundance was Thalassiosira nordenskioldii (22%). The rest of the population was 

represented by Coscinodiscus spp.

At 5 metres depth the algal biomass was 161.4 x lO^cells.T^, of which 98% were truly 

planktonic species and the rest were benthic. S. costatum was by far the most 

dominant species, being present in numbers of 104.92 x lO^cells.l’ ,̂ which accounted 

for 65% of the total biomass, ranking second in terms of biomass was T. 

nordenskioldiii (23%). The diatoms Coscinodiscus spp and Navicula spp were 

observed in much smaller numbers (Table. 3. 4. 3.).

On 25th May, an increase in the total number of algal cells was observed for samples 

collected from station 11 (surface) and for samples collected from 5 metres depth at 

both stations. Diatoms remained as the most dominant fraction of the population. 

Nitzschia spp. and T. nordenskioldii succeeded S. costatum as the dominant species.

At station 11 (surface), the algal biomass was 521 x 10 ^cells.T^, of which 67.24% 

were truly planktonic species and the rest were benthic. Diatoms were dominant 

(85.76% of the total biomass). T. nordenskioldii was the dominant species, being 

present in numbers of 222.75 x lO^cells.l"^, which accounted for 42.75% of the total 

biomass, ranking second in terms of biomass was Nitzschia spp (32.46%). Also 

common was Skeletonema costatum (8.55% of the total biomass). The diatoms 

Coscinodiscus spp. Diatoma spp. and Navicula spp. were observed in much smaller 

numbers (Table. 3. 4. 4.). Also present were green flagellates (14.25% of the total 

quantity).
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Table 3. 4. 4. The number of algal cells (1*̂ ) and their percentages, for 25th May, are summarised the
following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms:
Coscinodiscus spp. (?) 8392 1.6 7102 1.48

Cocconeis sp. (B) - -
644 0.134

- — - -

Diatoma spp. (g) 644 0.15 644 0.134
- - — -

Leptocylindrus 
danicus (?) - - 2582 0.52 - - - -

Melosira sp. (?) - - 2582 0.52 — - - -

Navicula spp. (B) 1290 0.24 - - - 2582 0.61

Nitzschia spp. (B) 169160 32.46 212420 44.5 193696 37.84 154957 35.87

S. costatum (?) 44550 8.55 200152 41.71 132358 25.8 186594 43.19

Thalassiosira 
nordenskioldii (?)

222750 42.75 200152 41.71 132358 25.8 186594 43.19

Green
flagellates (?)

74250 14.25 3872 0.8 145272 28.3 50361 11.66
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At 5 metres depth, the total number of algal cells was 480.37 x 10^cells.l"^,of which 

55.8% were truly planktonic species and the rest were benthic. Diatoms were 

dominant, representing 99.2% of the total biomass, of which the most common species 

were Nitzschia spp. (41.66% of the total biomass); and 5. costatwn (10.48%). The 

diatoms Coscinodiscus spp, Cocconeis spp, Diatoma spp, Leptocylindrus danicus and 

Melosira spp were observed in small numbers (Table. 3. 4. 4.). Also present in small 

numbers were green flagellates (0.52% of the total population).

At station 9 (surface), the algal biomass was 512.65 x 10^cells.l'^,of which 

62.16%were truly planktonic species and the rest were benthic. Diatoms dominated the 

population (71.7% of the total biomass). Nitzschia spp (37%) with T. nordenskioldii 

(25.8%) were most dominant. S. costatwn was observed in smaller numbers (Table. 3. 

4. 4.), Green flagellates represented 28.3% of the total biomass.

At 5 metres depth, the total number of algal cells was 431.9 x lO^cells.l"!, of which 

63.54% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (88.34% of the total biomass) and the rest of the population was represented 

by green flagellates.

The most dominant diatoms were Thalassiosira nordenskioldii (43.2%) and Nitzschia 

spp. (35.9%). The diatoms Navicula spp and Skeletonema costatum were observed in 

much smaller numbers (Table. 3. 4. 4.).

Summer 1984

An increase in the total number of algal cells in suspension was observed on 6 th June 

with absolute dominance of diatoms, of which the most were benthic. Nitzschia spp. 

succeeded T. nordenskioldii as the most dominant organism. This increase in benthic
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diatoms followed a strong easterly wind exceeding 20 knots which kept the water 

column thoroughly mixed on the previous day.

At station 11 (surface), the population was made up entirely of diatoms. The total 

number of diatom cells was 703 x 10 ^cells.l"^, of which 82% were benthic and the rest 

were truly planktonic species.

The benthic species of the Nitzschia were by far the most dominant, being present in 

numbers of 581 x lO^cells.T^, which accounted for 82.66% of the total biomass; 

ranking second in terms of biomass was T. nordenskioldii (16.44%). The diatoms 

Coscinodiscus spp,, Diatoma spp and Navicula spp were observed in much smaller 

numbers (Table. 3. 4. 5.),

At 5 metres depth, the algal biomass was 1028.8 x lO^cells.l"!, of which 84.8% were 

benthic and the rest were truly planktonic species. Diatoms were dominant (99.97% of 

the total biomass). Nitzschia spp were by far the dom inant, being present in numbers 

of 871.63 X lO^cells.1'1, which accounted for 84.7% of the total biomass, ranking 

second in terms of biomass was Thalassiosira nordenskioldii (14.68%). The diatoms 

Coscinodiscus spp, Navicula spp. and Pleurosigma spp. were observed in much 

smaller numbers (Table. 3. 4. 5.). Also present was the silicoflagellate Dictyocha 

speculum.

At station 9 (surface), the population was made up entirely of diatoms. The total 

number of diatom cells was 254 x lO^cells.l"^ of which 52% were benthic and the rest 

were planktonic species. The population was composed predominantly of Nitzschia spp 

(52%) and T. nordenskioldii (47.8%). The only other diatom observed was 

Coscinodiscus spp (Table. 3. 4. 5.).
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Table 3.4. 5. The number of algal cells (1*̂ ) and their percentages, for 6th June, are summarised in
the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms:
Coscinodiscus spp. (P) 5810 0.82 5165 0.5 322 0.13

Diatoma sp. (B) 322 0.046
- - - - -

Melosira sp. (P)
- - - - - - 7102 1.19

Navicula spp. (B) 322 0.046 322 0.031 — - 1936 0.31

Nitzschia spp. (B)* 581089 82.658 871633 84.727 132359 52.1 503610 81.59

Pleurosigma spp. (B) - - 322 0.031 - - 1936 0.31

T. nordenskioldii (P) 115572 16.43 151083 14.68 121383 47.77 102659 16.6

Silicoflagellates 
D. speculum (P) - - 322 0.031 - - - -

* Footnote. As for Table 1, some of the Nitzschia spp. are planktonic .
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At 5 metres depth, diatoms again represented 100% of the total biomass. The total 

number of diatom cells was 617 x lO^cells.l of which 82.2% were benthic and the 

rest were truly planktonic species. Nitzschia spp. was by far the dominant species, 

being present in numbers of 503.6 x lO^cells.l'^ which accounted for 81.6% of the total 

biomass, ranked second in terms of biomass was Thalassiosira nordenskioldii (16.6%). 

The diatoms Melosira spp., Navicula spp and Pleurosigma spp were observed in much 

smaller numbers (Table, 3. 4. 5.).

A large increase in the algal biomass was recorded on June 20th mainly at 5 metres 

depth, with maximum summer levels at 5 metres at station 9. At the time of this 

increase 0.8 mm of rain was recorded, which might explain the smaller number of algal 

cells present at the surface. Green flagellates succeeded diatoms as the dominant 

fraction of the population.

At station 11 (surface), the total number of algal cells was 715.9 x 10^ c e l l s . o f  

which 99.93% were truly planktonic species and the rest were benthic. The population 

was composed predominantly of green flagellates, being present in numbers of 710.2 x 

lO^cells.l'l, which accounted for 99.2% of the total biomass. The diatoms 

Coscinodiscus spp, Diatoma spp, Navicula spp and Thalassiosira spp were present in 

numbers not exceeding 2.8 x lO^cells.l'^ (Table. 3. 4. 6 .). Also present in small 

numbers was the dinoflagellate Ceratium tripos (0.03%).

At 5 metres depth, the total number of algal cells was 1366.85 x lO^cells.k^, of which 

99.9% were truly planktonic species and the rest were benthic. The population was 

made up almost totally of green flagellates (99.2% of the total biomass). The diatoms 

Coscinodiscus spp, Diatoma spp, Melosira nummuloides, Navicula spp. and 

Thalassiosira spp. were present in numbers not exceeding 5.8 x lO^cells.l'^ (Table. 3, 4. 

6.).
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Table. 3.4. 6. The number of algal cells (1'*) and their percentages, for 20th June, are summarised in
the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms:
Achnanthes longipes (B) 322 0.03

Coscinodiscus spp. (?) 2797 0.39 5810 0.42 2797 0.36 13881 0.65

Diatoma spp. (B) 968 0.13 645 0.047 — — 2582 0.12

Melosira 
nummuloides (?)

- — 1076 0.078 - - 3228 0.15

Navicula spp. (B) 429 0.06 1076 0.078 430 0.06 3228 0.15

Thalassiosira spp. (?) 1291 0.28 2367 0.17 1076 0.14 5165 0.24

Dinoflagellates: 
Ceratium tripos (?) 215 0.03

Green
flagellates (?)

710220 99.2 1355874 99.19 774785 99.44 2091920 98.66
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At station 9 (surface), the algal biomass was 779 x lO^cells.l'^, of which 99.94% were 

truly planktonic species and the rest were benthic. Green flagellates were dominant 

(99.44% of the total biomass). The diatoms Coscinodiscus spp, Navicula spp. and 

Thalassiosira spp. were observed in numbers not exceeding 2.79 x lO^cells.l"^ (Table. 

3. 4. 6 .).

At 5 metres depth, the total number of algal cells was 2120.3 x lO^cells.l'i, of which 

99.66% were truly planktonic species and the rest were benthic. Again green flagellates 

were dominant, being present in numbers of 2091.9 x lO^cells.T^, which accounted for 

99.66% of the total biomass. The diatoms Achnanthes longipes, Coscinodiscus spp., 

Diatoma spp., M. nummuloides, Navicula spp and Thalassiosira spp. were present in 

numbers not exceeding 13.88 x lO^cells.l"^ (Table. 3. 4. 6 .).

In the preceeding dates of sampling (July 11th, July 23rd, August 15th and August
Ou

29th)|puch more mixed population, with an increased number of species was observed 

mainly at the two dates and with a decrease in the total number of algal cells.

On July 11, a clear decrease in the algal biomass was recorded. Diatoms were re

established as the dominant fraction of the population, with Skeletonema costatum as 

the dominant species.

At station 11 (surface), the total number of algal cells was 273.75 x lO^cells.l'i, of 

which 98.6% were truly planktonic species and the rest were benthic. Diatoms 

constituted 100% of the population. Skeletonema costatum was by far the dominant 

species, being present in numbers of 236.3 x lO^cells.T^, which accounted for 86.32% 

of the total biomass. The diatoms Coscinodiscus spp., Diatoma spp., Grammatophora 

marina, Melosira spp., Navicula spp., Nitzschia spp., Synedra spp. and Thalassiosira 

spp. were present in numbers not exceeding 14.85 x lO^cells.T^ (Table. 3. 4. 7.).
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Table. 3.4.  7. The number of algal cells (1‘ )̂ and their percentages, for 11th July, are summarised in
the following table.

P = planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms:
Coscinodiscus spp. (?) 14850 5.42 4519 2.2 7747 7.12 6779 2.85

Diatoma spp. (B) 968 0.35 1291 0.63 — — 968 0.4

Grammatophora 
marina (B)

322 0.12 322 0.16 2259 2.08 2259 0.95

Licmophora spp. (B) —, - 322 0.16 645 0.59 —  —

Melosira spp. (?) 3551 1.3 3873 1.9 — — 10007 4.2

Navicula spp. (B) 2582 0.94 2582 1.27 3551 3.26 6779 2.85

Nitzschia spp. (B) 322 0.12 — - - — — 13881 5.8

Pleurosigma spp. (B)
- - 645 0.31 - -

322 0.31

Rhabdonema 
arcuatum (B) - - - -

968 0.89
- -

S. costatum (?) 236309 86.32 181751 89.36 82320 75.66 185625 78.12

Synedra sp. (B) 645 0.23 - - - - - -

Synedra gaillonii (B)
- — - -

322 0.29 - -

Thalassiosira spp. (?) 14204 5.19 7102 3.5 10976 10.09 10976 4.62

Silicoflagellates: 
D. speculum (?)

- - 968 0.47 - - - -
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At 5 metres depth, the algal biomass was 203.38 x lO^cells.l"^, of which 92.87% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (89.36% of 

the total biomass). S. costatum was by far the dominant species, being present in 

numbers of 181.75 x lO^cells.k^, which accounted for 89.36% of the total biomass. 

The diatoms Coscinodiscus spp., Diatoma spp., Grammatophora marina, Licmorpha 

spp., Melosira spp., Navicula spp., Pleurosigma spp. and Thalassiosira spp. were 

present in numbers not exceeding 7.1 x IQJcells.l'i (Table.3. 4. 7.). Also present in 

small numbers was the silicoflagellate Dictyocha speculum (0.47%).

At station 9 (surface), the total number of algal cells was 203.37 x lO^cells.l-l, of which 

92.87% were truly planktonic species and the rest were benthic. Diatoms constituted 

100% of the population. S. costatum was by far the dominant species, being present in 

numbers of 82.32 x lO^cells.l'^ which accounted for 75.66% of the total biomass, 

ranked second in terms of biomass was Thalassiosira spp. (10%). The diatoms 

Coscinodiscus spp., Grammatophora marina, Licmophora spp., Navicula spp., 

Rhabdonema arcuatum and Synedra gaillonii were present in numbers not exceeding 

7.74 X 103cells.l-l (Table. 3. 4. 7.).

At 5 metres depth, the algal biomass was 237.6 x lO^cells.l"^ of which 90.19% were 

truly planktonic species and the rest were benthic. Again diatoms constituted 100% of 

the population. S. costatum was by far the dominant species, being present in numbers 

of 185.6 X lO^cells.l'l, which accounted for 78.12% of the total biomass. The diatoms 

Coscinodiscus spp., Diatoma spp., Grammatophora marina, Melosira spp., Navicula 

spp., Nitzschia spp., Pleurosigma spp. and Thalassiosira spp. were present in numbers 

not exceeding 10.9 x lO^cells.l’  ̂ (Table. 3. 4. 7.).

On July 23rd, a further decrease in the total number of algal cells was observed. Green 

flagellates succeeded diatoms as the dominant fraction of the population, with the
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exception of samples collected from station 9 at surface where diatoms remained 

dominant.

At station 11 (surface), the total number of algal cells was 10.97 x lO^cells.b^ of which 

94.1% were truly planktonic species and the rest were benthic. Green flagellates were 

dominant, representing 66.17% of the total population. Diatoms represented 33.83% of 

the total biomass. Thalassiosira nordenskioldii was common (14.7% of the total 

biomass). The diatoms Coscinodiscus spp., Navicula spp. and Skeletonema costatum 

were observed frequently, they were present in numbers not exceeding 0.645 x 

lO^cells.l-l (Table. 3. 4. 8 .).

At 5 metres depth, the total number of algal cells was 44.38 x lO^cells.1'1, of which 

97.4% were truly planktonic species and the rest were benthic. Green flagellates were 

dominant (83.66% of the total biomass). Diatoms represented 15.62% of the total 

biomass, of which the common species was Thalassiosira nordenskioldii which 

represented 10.18% of the total quantity. The diatoms Coscinodiscus spp. and 

Navicula spp. were observed in much smaller numbers (Table. 3. 4. 8 .). The 

dinoflagellate fraction was represented by Ceratium tripos and Protoperidinium spp. 

each accounted for 0.36% of the total biomass.

At station 9 (surface), the algal biomass was 17.75 x lO^cells.l'l, of which 89.1% were 

truly planktonic species and the rest were benthic. Diatoms remained as the dominant 

fraction of the population (63.73% of the total biomass). S. costatum was the most 

dominant species, being present in numbers of 2.42 x lO^cells.l"!, which accounted for 

21.74% of the total quantity. Ranked third in terms of biomass after Navicula spp. 

(18.8%) was Dmroma spp. which represented (11.64%). The diatoms Coscinodiscus 

spp., Grammatophora marina and T. nordenskioldii were present in numbers not 

exceeding 0.645 x lO^cells.kl (Table. 3. 4. 8 .).
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Table. 3 .4 .8 .  The number of algal cells (1'9 and their percentages, for 23rd July, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms;
Coscinodiscus spp. (?) 484 4.41 1291 2.9 161 1.45 322 1.82

Diatoma spp. (B) 322 2.94 — — 1291 11.6 — -

Grammatophora 
marina (B)

- - - - 484 4.35 - -

Navicula spp. (B) 484 4.41 1129 2.54 2098 18.8 1936 10.9

Nitzschia spp. (B) 161 1.49 — - —, - - -

S. costatum (?) 645 5.88 - - 2421 21.6 - -

T. nordenskioldii (?) 1614 14.7 4519 10.18 645 5.79 322 1.82

Dinoflagellates: 
Ceratium tripos (?) 161 0.36 1129 6.37

Protoperidinium spp. (?) - - 161 0.36 - - 322 1.82

Green
flagellates (?)

7263 66.17 37125 83.66 4035 36.23 13720 77.27
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At 5 metres depth, the algal biomass was 17.75 x lO^cells.l’ ,̂ of which 89.1% were 

truly planktonic species and the rest were benthic. Green flagellates were dominant 

(77.27% of the total biomass). Diatoms represented 14.54% of the total biomass, 

dominated by the benthic diatom Navicula spp. which represented 10.9% of the total 

biomass. Also present were Coscinodiscus spp. and Thalassiosira nordenskioldii, each 

accounted for 1.82% of the total. The dinoflagellate fraction represented by Ceratium 

tripos (6.37%) and Protoperidinium spp. (1.82%).

On August 15th, a slight increase in the total number of algal cells was observed. 

Diatoms were re-established as the dominant fraction of the population, with 

Skeletonema costatum as the dominant species. No green flagellates were observed.

At station 11 (surface), the algal biomass was 126.548 x lO^cells.l’^  of which 91.34% 

were truly planktonic species and the rest were benthic. Diatoms were dominant, 

representing 94.14% of the total biomass. S. costatum was by far the dominant species, 

being present in numbers of 90,23 x lO^cells.l'l, which accounted for 71.3% of the total 

biomass. Coscinodiscus spp. and Nitzschia spp. were frequent, each accounted for 

7.52% of the total quantity. The diatoms Diatoma spp. Grammatophora marina, 

Melosira spp., Navicula spp., Rhizosolenia setigera and T. nordenskioldii were 

present in numbers not exceeding 4.19 x lO^cells.l’  ̂ (Table. 3, 4. 9.).

The dinoflagellate fraction was represented by Ceratium tripos (2.04%) and 

Protoperidinium spp. (0.38%). Also present was the silicoflagellate Dictyocha 

speculum (3.44% of the total quantity).

At 5 metres depth, the total number of algal cells was 133.22 x lO^cells.l'i, of which 

99.43% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (96.02% of the total biomass). S. costatum was by far the dominant species 

being present in numbers of 82.96 x lO^cells.l'^ which accounted for 73 .2% of the total
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biomass. The diatoms Coscinodiscus spp., Nitzschia spp. and Thalassiosira 

nordenskioldii were frequent. The diatoms Diatoma spp., Melosira spp. and 

Navicula were present in numbers not exceeding 1.45 x lO^cells.l"^ (Table. 3. 4. 9.).

The dinoflagellate fraction was represented by C. tripos (1.56%). Also present was 

the silicoflagellate Dictyocha speculum (2.42%).

At station 9 (surface), the algal biomass was 81 x lO^cells.T^, of which 97% were truly 

planktonic species and the rest were benthic. Diatoms were represented (91.86% of the 

total biomass). S. costatum was by far the dominant species, being present in numbers 

of 58.75 X lO^cells.l'l, which accounted for 72.56% of the total biomass. The diatom 

Nitzschia spp. was observed frequently. The diatoms Coscinodiscus spp., Biddulphia 

mobiliensis, Diatoma spp., Navicula spp. and T. nordenskioldii were present in 

numbers not exceeding 1.79 x lO^cells.k^ (Table. 3. 4. 9.). The dinoflagellate fraction 

was represented by Ceratium fusus (0.19%), C. tripos (4.18%) and Protoperidinium 

spp. (0.19%). Also present was the silicoflagellate Dictyocha speculum (3.58% of the 

total quantity).

At 5 metres depth, the total number of algal cells was 191.43 x lO^cells.l"^ of which 

74.16% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (90.94% of the total biomass). Skeletonema costatum was by far the 

dominant species, being present in numbers of 114.9 x lO^cells.l'^, which accounted for 

60% of the total biomass, ranked second in terms of biomass was Nitzschia spp. 

(21%). The diatoms Coscinodiscus spp., Diatoma spp., Navicula spp., Rhabdonema 

arcuatum and Thalassiosira nordenskioldii were present in numbers not exceeding 

8.39 X lO^cells.l'l (Table. 3. 4. 9.). The dinoflagellate fraction was represented by C. 

furca  (0.34%) and C. tripos (3.88%). Also present was the silicoflagellate Dictyocha 

speculum (4.72% of the total quantity).
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Table. 3.4. 9. The number of algal cells (1*) and their percentages, for 15th August, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms:
Coscinodiscus spp. (?) 9523 7.52 6617 5.84 1775 2.19 2905 1.52

Biddulphia 
mobiliensis (?)

— - - - 161 0.19 - -

Diatoma spp. (B ) 807 0.63 645 0.57 968 1.19 2905 1.5

Grammatophora 
marina (B)

161 0.18 - - - " - -

Melosira spp. (?) 4196 3.3 1452 1.31 — — -

Navicula spp. (B) 1129 0.89 645 0.57 1452 1.79 8393 4.38

Nitzschia spp. (B) 9684 7.65 10491 9.26 9846 12.15 40353 21

Rhabdonema 
arcuatum (B)

- - - - - - 645 0.34

Rhizosolenia 
setigera (?)

322 0.25 - - — - - -

S. costatum (?) 90230 71.3 82966 73.2 58754 72.56 114926 60.12

T. nordenskioldii (?) 3066 2.42 5972 5.27 1452 1.79 4196 2.2

Dinoflagellates:

Ceratium fusus (?) - — - 161 0.19 - -

Ceratium furca (?) - - - - - - 645 0.34

Ceratium tripos (?) 2582 2.04 1775 1.56 3389 4.18 7425 3.88

Protoperidinium spp. (?) 484 0.38 - - 161 0.19 - —

Silicoflagellates: 
D. speculum (?) 4358 3.44 2744 2.42 2905 3.58 9039 4.72

175



On August 29th, low numbers of algal cells were observed, more or less similar to those 

observed on August 15th. Diatoms remained as the dominant fraction of the 

population, with S. costatum as the dominant species.

At station 11 (surface), the algal biomass was 129.77 x 10^cells.l-\of which 97.2% 

were truly planktonic species and the rest were benthic. Diatoms were dominant 

(91.4% of the total biomass). 5. costatum was by far the dominant species, being 

present in numbers of 79.63 x lO^cells.k^ which accounted for 61.43% of the total 

biomass. Also common was Thalassiosira decipiens (14.1%). The diatoms 

Chaetoceros spp., Coscinodiscus spp., Diatoma spp., Licmophora spp., Melosira spp., 

Navicula spp., Navicula dlstans and T. nordenskioldii were present in numbers not 

exceeding 7.1 x lO^cells.l'l (Table. 3. 4. 10.).

The dinoflagellate fraction was represented by Ceratium fusus  (0.16%), C. furca  

(0.33%), C. tripos (5.8%) and Protoperidinium spp. (0.16%). Also present was the 

silicoflagellate Dictyocha speculum (2.15% of the total quantity).

At 5 metres depth, the algal biomass was 136.6 x lO^cells.l'l, of which 98.64% were 

truly planktonic and the rest were benthic species.

Diatoms were dominant (91.2% of the total biomass). S. costatum  was by far the 

dominant species, being present in numbers of 81.56 x lO^cells.l'^, which accounted for 

62.45% of the total biomass. Also common was T. decipiens (16.38%). The diatoms 

Chaetoceros spp., Coscinodiscus spp., Diatoma spp., Grammatophora marina, 

Navicula spp. and T. nordenskioldii were present in numbers not exceeding 3.65 x 

103cells.I'i (Table. 3. 4. 10.).

The dinoflagellates C. fusus, C. furca, C. tripos and Protoperidinium spp. accounted 

for 6.59% of the total biomass, each contributed little to the total biomass of the
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Table. 3 .4.10.  The number of algal cells (1"̂ ) and their percentages, for 29th August, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros spp. (P) 4734 3.65 5380 3.9 3443 2.57 1291 0.52
Coscinodiscus spp(P) 2367 1.82 4519 3.3 2797 2.1 2905 1.17
Diatoma spp (B) 1721 1.3 1721 1.26 1076 0.8 968 0.4
Diploneis - - - - - _ 322 0.13
chersonensis (B) 
Grammatophora 215 0.15 968 0.4
marina (B) 
Licmophora spp (B) 215 0.16 215 0.16
Melosira spp (B) 1076 0.829 - - 645 0.48 - -

Navicula spp (B) 3228 2.48 1506 1.1 3228 2.4 3551 1.4
Navicula distans (B) 215 0.16 - - - - - -

Nitzschia sp (?) - - - - - - 15495 6.26
Nitzschia - - _ - - - 645 0.26
longissima (?) 
Pleurosigma sp (B) 215 0.16 .

Pleurosigma - - - - - - 322 0.13
aestuarii (B) 
Rhizosolenia 10330 4.17
delicatula (?) 
Skeletonema 79630 61.431 81567 62.45 83935 63.12 168838 68.62
costatum (?) 
Thalassiosira 18293 14.1 22382 16.38 18508 13.85 15818 6.4
decipiens (?) 
Thalassiosira 7102 5.47 3658 2.67 7532 5.4 816 0.33
nordenskioldii (?)

Dinoflagellates 
Ceratium fusus (?) 215 0.16 215 0.15
Ceratium furca (?) 430 0.33 645 0.47 215 0.16 645 0.26
Ceratium tripos (?) 7532 5.8 7747 5.67 8608 6.4 19046 7.7
Protoperidinium sp (?) 215 0.16 430 0.3 - - - -

Silicoflagellates
Dictyocha 2797 2.15 3013 2.2 3228 2.4 5488 1.85
speculum (?)
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population. Also present was the silicoflagellate Dictyocha speculum (2.2% of the 

total quantity).

At station 9 (surface), the total number of algal cells was 133.65 x lO^cells.l"^ of which 

97.28% were truly planktonic species while the rest were benthic. Diatoms were 

dominant (91% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 83.93 x lO^cells.k^ which accounted for 63.1% of the total 

biomass. Also common was Thalassiosira decipiens (13.85%).

The diatoms Chaetoceros spp., Coscinodiscus spp., Diatoma spp., Licmophora spp., 

Melosira spp., Navicula spp., Pleurosigma spp., and T. nordenskioldii were present in 

numbers not exceeding 7.5 x lO^cells.l'l (Table. 3. 4. 10.). The dinoflagellate fraction 

was represented by Ceratium furca  (0.16%) and C. tripos (6.4%). Also present was 

the silicoflagellate Dictyocha speculum (2.4% of the total population).

At 5 metres depth, the algal biomass was 247.45 x lO^cells.l'l, of which 91.42% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (90.2% of 

the total biomass). 5. costatum was by far the dominant species, being present in 

numbers of 168.84 x lO^cells.l'l, which accounted for 68.62% of the total biomass. 

The diatoms Nitzschia spp., Rhizosolenia delicatula and T. decipiens were observed 

frequently. The diatoms Chaetoceros spp., Coscinodiscus spp., Diatoma spp., 

Diploneis chersonensis, Grammatophora marina, Navicula spp., Nitzschia longissima, 

Pleurosigma aestuarii and T. nordenskioldii were present in numbers not exceeding 

3.55 X lO^cells.l'l (Table. 3. 4. 10.). The dinoflagellate fraction was represented by 

Ceratium furca (0.26%) and C. tripos (7.7%). Also present was the silicoflagellate 

Dictyocha speculum (1.85% of the total quantity).
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Autumn 19S4

A slight autumnal increase in the total number of algal cells was recorded on September 

19th. Diatoms remained as the dominant fraction of the population. A slight increase 

in the contribution of dinoflagellates to the total biomass of the population was 

observed.

At station 11 (surface), the algal biomass was 181.75 x lO^cells.l'^, of which 89.55% 

were truly planktonic species and the rest were benthic. Diatoms were dominant 

(80.89% of the total biomass). S. costatum was by far the dominant species, being 

present in numbers of 95.55 x lQJcells.1'1, which accounted for 52.66% of the total 

biomass, ranking second in terms of biomass was Thalassiosira nordenskioldii 

(15.27%).

The diatom Nitzschia spp, w^^rtTrequent (8.5%). The diatoms Chaetoceros 

holsaticum, Coscinodiscus spp., Diatoma spp., Navicula spp. and T, decipiens were 

present in numbers not exceeding 3.55 x lO^cells.1‘1 (Table. 3. 4. 11.), The 

dinoflagellate fraction which represented 17.34% of the total biomass of the population 

was dominated by C. tripos which accounted for 12.78% of the total biomass. C. 

fusus, C. furca, C. lineatum, C. macroceros, Protoperidinium conicum, P. divergens 

and P. pyriforme were present in numbers not exceeding 2.9 x lO^cells.l'^ and 

constituted little to the total biomass of the population. Also present was the 

silicoflagellate Dictyocha speculum (1.77% of the total biomass).

At 5 metres depth, the total number of algal cells was 213.7 x lO^cells.l'^ of which 

90.95% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (82% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 129 x lO^cells.l'^, which accounted for 60.42% of the total
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Table. 3 .4.11.  The number of algal cells (1'̂ ) and their percentages, for 19th September, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros spp (P) 12913 4.43 6456 2.6
Chaetoceros 1291 0.71 - - - - - -

holsaticum (?) 
Coscinodiscus spp (?) 1614 0.88 645 0.3 322 0.11 645 0.26
Diatoma spp ^ ) 322 0.18 968 0.45 - - 645 0.26
Navicula spp (B) 3551 1.95 2259 1.05 1291 0.22 2259 0.9
Nitzschia spp (B) 15495 8.5 16787 7.85 25503 8.75 16141 6.54
Nitzschia - . 322 0.15 - - -

longissima (?) 
Rhizosolenia 2259 1.05 3551 1.2 3551 1.44
delicatula (?) 
Skeletonema 95556 52.66 129130 60.49 156248 53.87 137847 55.96
costatum (?) 
Thalassiosira 968 0.53 968 0.45 645 0.22
decipiens (?) 
Thalassiosira 27763 15.27 22275 10.4 52620 18.05 36479 14.79
nordenskioldii (?)

Dinoflagellates 
Ceratium fusus (?) 1291 0.71 968 0.45 2582 0.88 3228 1.3
Ceratium furca (?) 2905 1.59 5488 2.56 5488 1.88 7425 3.01
Ceratium lineatum (?) 645 0.35 - - - . - -

Ceratium 1936 1.06 - - - - - -

macroceros (?) 
Ceratium tripos (?) 23243 12.78 24212 11.33 23889 8.19 24857 10.07
Dinophysis acuta (?) - - 2259 1.06 1936 0.66 1291 0.51
Protoperidinium spp (?) - - 968 0.45 645 0.22 645 0.26
Protoperidinium 645 0.35 - - - - ' -

conicum (?) 
Protoperidinium 322 0.18
divergens (?) 
Protoperidinium 968 0.53 .

pyriforme (?)

Silicoflagellates
Dictyocha 3228 1.77 4196 1.96 3873 1.32 5165 2.1
speculum (?)
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biomass, ranking second in terms of biomass was Thalassiosira nordenskioldii 

(10.4%).

The diatom Nitzschia spp. was observed frequently and accounted for 7.85% of the 

total quantity. The diatoms Coscinodiscus spp., Diatoma spp., Navicula spp., Nitzschia 

longissima, Rhizosolenia delicatula and T. decipiens were present in numbers not 

exceeding 2.26 x lO^cells.l"^ (Table. 3. 4. 11.). The dinoflagellate fraction which 

represented 15.85% of the total biomass and was dominated by Ceratium tripos 

(11.33%). C. fusus, Dinophysis acuta and Protoperidinium spp. were present in small 

numbers (Table. 3. 4. 11.). Also present in small numbers was the silicoflagellate 

Dictyocha speculum.

At station 9 (surface), 91.25% of the total biomass were truly planktonic species and the 

rest were benthic. Out of a total standing crop of 291.5 x lO^cells.l'l, about 86.85% 

were diatoms, of which Skeletonema costatum was the dominant species, being present 

in numbers of 156.2 x lO^cells.l"!, which accounted for 53.87% of the total biomass, 

ranking second in terms of biomass was Thalassiosira nordenskioldii (18%). 

Chaetoceros spp., Coscinodiscus spp., Navicula spp., Nitzschia spp. and T. decipiens 

were present in small numbers (Table. 3. 4. 11.). Dinoflagellates accounted for 11.83% 

of the total biomass, of which Ceratium tripos was the dominant species (8.2%), 

accompanied by C. fusus, C. furca, Dinophysis acuta and Protoperidinium spp. Also 

present was the silicoflagellate Dictyocha speculum.

At 5 metres depth, the total number of algal cells was 246.6 x lO^cells.l \  of which 

92.56% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (82.7% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 137.85 x lO^cells.l l, which accounted for 55.9% of the 

total population. Nitzschia spp. and T. nordenskioldii were frequent. Chaetoceros 

spp., Coscinodiscus spp., Navicula spp., Rhizosolenia delicatula and T. decipiens
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were present in small numbers (Table. 3. 4. 11.). Dinoflagellates accounted for 15% of 

the total biomass. Ceratium tripos was the dominant species (10.1%), accompanied by 

C. fusus, C. furca, Dinophysis acuta and Protoperidinium spp. Also present was the 

silicoflagellate Dictyocha speculum.

A  decrease in the algal biomass was observed on October 3rd. Dinoflagellates 

succeeded diatoms as the dominant fraction of the population, with C. tripos as the 

dominant species. An increase in the contribution of the silicoflagellate Dictyocha 

speculum to the total biomass was observed.

At station 11 (surface), the total number of algal cells was 99.4 x lO^cells.I'f, of which 

34.45% were diatoms, 53.2% were dinoflagellates, while the rest was represented by 

the silicoflagellate Dictyocha speculum. 92.87% of the total biomass were truly 

planktonic and the rest were benthic. The diatom fraction was dominated by 

Skeletonema costatum (14.28%) and Coscinodiscus spp. (7.46%) with Nitzschia spp. 

present in considerable numbers. The diatoms Chaetoceros spp., Diatoma spp., 

Melosira spp., Navicula spp., Rhabdonema arcuatum and Thalassiosira nordenskioldii 

were present in much smaller numbers (Table. 3. 4. 12.). The dinoflagellate fraction 

was dominated by C. tripos (29.3% of the total biomass); ranking next was C. furca 

(10.4%). Ceratium fusus and C. macroceros were frequent (Table. 3. 4. 12.). C. 

inflatum, C. lineatum, Dinophysis acuta and Protoperidinium spp. were observed in 

very small numbers (Table. 3. 4. 12.).

At 5 metres depth, out of a total standing crop of 88 x 103cells.l‘l, about 23.46% were 

diatoms, 63,7% were dinoflagellates and the rest were represented by the silicoflagellate 

Dictyocha speculum. The diatoms Coscinodiscus spp., Nitzschia spp., Rhizosolenia 

delicatula, Skeletonema costatum and Thalassiosira nordenskioldii comprised a large 

portion of the diatom fraction. The diatoms Diatoma spp., Melosira spp. and 

Navicula spp. were present in smaller numbers (Table. 3. 4. 12.). The dinoflagellate
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fraction was dominated by C. tripos which accounted for 40.35% of the total biomass, 

ranking second was C. furca  (14.28%) and ranking third was C. macroceros (5%). 

C. fusus, Dinophysis acuta and Protoperidinium spp. were present in small numbers 

(Table. 3. 4. 12.).

At station 9 (surface), out of a total standing crop of 79.7 x 103cells.l’^  36.47% were 

diatoms, 54.2% were dinoflagellates and the rest was represented by the silicoflagellate 

Dictyocha speculum. 90.6% of the total biomass were truly planktonic species and the 

rest were benthic. The diatom fraction was dominated by S. costatum (12.4%), 

followed by Nitzschia spp. (6%). The diatoms Achnanthes longipes, Biddulphia spp., 

Chaetoceros didymum, Coscinodiscus spp., Diatoma spp., Melosira spp., Navicula spp., 

Synedra gaillonii and Thalassiosira nordenskioldii were present in smaller numbers 

(Table. 3. 4. 12.), The dinoflagellate fraction was dominated by Ceratium tripos 

(34.8%), ranked second in terms of biomass was C. furca  (13.36%). C. fusus, C. 

longipes, Dinophysis acuta and Protoperidinium spp. were present in small numbers 

(Table. 3. 4. 12.).

At 5 metres depth, out of a total standing crop of 87 x lO^cells.l 29.7% were diatoms, 

60.28% were dinoflagellates and the rest was represented by the silicoflagellate 

Dictyocha speculum. 93.38% of the total biomass were truly planktonic species and the 

rest were benthic. The diatom fraction was dominated by Coscinodiscus spp. (8.15% 

of the total biomass) and Skeletonema costatum (8.89%), Navicula spp. was frequent. 

The diatoms Chaetoceros spp., Diatoma spp., Grammatophora marina, Nitzschia spp. 

and T. nordenskioldii were present in small numbers (Table. 3. 4. 12.). The 

dinoflagellate fraction was dominated by C. tripos (33.3% of the total population) and 

C. furca  (13.7%). C. inflatum and C. macroceros were frequent (Table. 3 . 4. 12.). 

C. fusus, C. lineatum and Dinophysis acuta were present in small numbers not 

exceeding 1.6 x lO^cells.l'l (Table. 3. 4. 12.).
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Table. 3.4.  12. The number of algal cells (l'^) and iheir percentages, for 3rd October, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes longipes (B) - - - - 322 0.4 - -
Biddulphia sp (P) - - - - 322 0.4 - -
Chaetoceros spp (?) 645 0.65 - - - - 1614 1.85
Chaetoceros 
didymum (?)

- - - - 1936 2.4 - "

Coscinodiscus spp (?) 7425 7.46 4519 5.12 3873 4.85 7102 8.15
Diatoma spp (B) 1291 1.29 968 1.1 1614 2.02 1936 2.2
Grammatophora 
marina (B)

- - - - - - 322 0.37

Melosira spp (?) 1614 1.62 322 0.36 1291 1.62 - -
Navicula spp (B) 1291 1.29 1936 2.2 2259 2.83 3873 4.4
Nitzschia spp (B) 4842 4.87 2259 2.56 4842 6.07 1614 1.85
Rhabdonema 
arcuatum (B)

968 0.97 - - - - - -

Rhizosolenia 
delicatula (?)

- - 3551 4 - - - -

Skeletonema 
costatum (?)

14204 14.28 4196 4.76 96841 12.43 7747 8.89

Synedra gaillonii (B) - - - - 645 0.08 - -
Thalassiosira 
nordenskioldii (?)

1936 1.95 2905 3.3 2259 2.83 1291 1.48

Dinoflagellates
Ceratium fusus (?) 3873 3.89 2905 3.3 1291 1.62 1291 1.48
Ceratium furca (?) 10330 10.39 12590 14.28 10653 13.36 11944 13.7
Ceratium inflatum (?) 968 0.97 - - - - 4842 5.55
Ceratium lineatum (?) 968 0.97 - - - - 1614 1.85
Ceratium longipes (?) - - - - 1291 1.62 - -

Ceratium 
macroceros (?)

5810 5.84 4519 5.13 - - 3873 4.4

Ceratium tripos (?) 29054 29.29 35511 40.35 27440 34.83 29054 33.3
Dinophysis acuta (?) 1614 1.62 322 0.36 2259 2.83 322 0.37
Protoperidinium spp. (?) 322 0.32 322 0.36 322 0.4 - -

Silicoflagellates
Dictyocha 
speculum (?)

12267 12.33 11298 12.82 7425 9.3 8716 10
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On 17th October, a further decrease in the algal biomass was observed, which was 

characterised by a further decrease in the contribution of the diatom fraction to the total 

biomass of the population, Coscinodiscus spp. succeeded Skeletonema costatum as 

the dominant diatom. Dinoflagellates again were the dominant fraction of the 

population, of which Ceratium tripos was the most common species. Also observed 

was a slight increase in the contribution of the silicoflagellate Dictyocha speculum to 

the total biomass. No green flagellates were present.

At station 11 (surface), out of a total standing crop of 51.4 x lO^cells.l'^ about 15.5% 

were diatoms, 66.9% were dinoflagellates and the rest was represented by the 

silicoflagellate Dictyocha speculum. The diatom fraction was composed 

predominantly of cells of Coscinodiscus spp. (6.27% of the total biomass), followed 

by S. costatum (2.5%). The diatoms Diatoma spp., Grammatophora marina, 

Navicula spp., Pleurosigma spp., Rhabdonema arcuatum and Thalassiosira 

nordenskioldii were present in small numbers (Table. 3. 4. 13.). The dinoflagellate 

fraction was dominated by C. tripos (39.3% of the total biomass), ranking second was 

C. macroceros (13.4%). Also common was C. furca  (9.2%). C. fusus and C. 

lineatum were present in small numbers (Table. 3. 4. 13.).

At 5 metres depth, out of a standing crop of 53 x lO^cells.l"^ about 21.8% were 

diatoms, 62% were dinoflagellates and the rest was represented by the silicoflagellate 

Dictyocha speculum. 96.78% of the total biomass were truly planktonic species and the 

rest were benthic. The diatom fraction was composed predominantly of Coscinodiscus 

spp. (8% of the total biomass). The diatoms Diatoma spp., Grammatophora marina, 

Melosira spp., Navicula spp., Skeletonema costatum and Thalassiosira nordenskioldii 

were present in smaller numbers (Table. 3. 4. 13.). The dinoflagellate fraction was 

dominated by Ceratium tripos (38.76% of the total biomass), ranking second was C. 

macroceros (13.3%). C. furca  was observed frequently (8.46%). C. fusus and C. 

lineatum were present in small numbers (Table. 3. 4. 13.).
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Table. 3.4.  13. The number of algal cells (1*) and their percentages, for 17th October, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (?) 3228 6.27 4304 8.06 5165 9.75 5810 13.24
Cocconeis sp (B) - - - - 215 0.4 - -

Diatoma spp (B) 860 1.67 1076 2.01 430 0.81 645 1.36
Grammatophora 
marina (B)

645 1.25 215 0.4 645 1.22 - -

Melosira spp (?) - - 1721 3.22 - - 968 2.04
Navicula spp (B) 860 1.67 1506 2.82 2367 4.47 645 1.36
Pleurosigma sp (B) 215 0.46 - - - - - -
Rhabdonema 
arcuatum (B)

215 0.42 - - - - -

Skeletonema 
costatum (?)

1291 2.5 860 1.61 430 0.81 2905 6.12

Thalassiosira 
nordenskioldii (?)

645 1.25 1076 2.01 1721 3.25 968 2.04

Dinoflagellates
Ceratium fusus (?) 860 1.67 1076 2.01 1291 2.44 968 2.04
Ceratium furca (?) 4734 9.2 4519 8.46 5595 10.57 2259 4.76
Ceratium lineatum (?) 1721 3.35 645 1.21 1076 2.03 - -
Ceratium 
longirostrum (?)

- - - - 215 0.4 - -

Ceratium 
macroceros (?)

6886 13.39 7102 13.3 5165 9.75 3873 8.16

Ceratium tripos (?) 20230 39.33 19800 39.76 21306 40.67 21952 47.3
Dinophysis acuta (?) - - - - 215 0.4 - -

Silicoflagellates
Dictyocha 
speculum (?)

9039 17.57 9608 16.13 6886 13.01 5488 11.58
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At station 9 (surface), out of a total standing crop of 52.9 x lO^cells.l"^ about 21% 

were diatoms, 65.8% were dinoflagellates and the rest were represented by the 

silicoflagellate Dictyocha speculum. 94.3% of the total biomass were truly planktonic 

species and the rest were benthic. The diatom fraction of the population was composed 

predominantly of Coscinodiscus spp. (9.75% of the total biomass). Navicula spp. and 

T. nordenskioldii were frequent (Table. 3. 4. 13.). The diatoms Cocconeis spp., 

Diatoma spp., Grammatophora marina and S. costatum were present in small 

numbers (Table. 3. 4. 13.).

The dinoflagellate fraction was dominated by Ceratium tripos (40.67% of the total 

biomass), also common were C. furca  (10.57%) and C. macroceros (9.75%). C. 

fusus, C. lineatum, C. longirostrum and Dinophysis acuta were present in very small 

numbers (Table. 3. 4. 13.).

At 5 metres depth, out of a standing crop of 47.4 x lO^cells.1'1, about 27% of the cells 

were diatoms, 61% were dinoflagellates and the rest were represented by the 

silicoflagellate Dictyocha speculum. 98.6% of the total biomass were truly planktonic 

species and the rest were benthic.

The diatom fraction was composed predominantly of Coscinodiscus spp. (13.2% of 

the total biomass) and Skeletonema costatum (6%). Diatoma spp., Melosira spp., 

Navicula spp. and Thalassiosira nordenskioldii were present in small numbers (Table. 

3. 4. 13,).

The dinoflagellate fraction was dominated by C. tripos (47% of the total biomass), C. 

macroceros was frequent (8.16%). C. fusus and C. furca were present in smaller 

numbers (Table. 3. 4. 13.).
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Winter 1984-1985

A sharp decrease in the total number of algal cells was observed during this period. 

Diatoms were re - established as the dominant fraction of the population. No green 

flagellates were observed.

On 7th November, at station I I  (surface), the algal biomass was 15 x lO^cells.l'l, of 

which 91.4% were diatoms, 1.1% were dinoflagellates and 7.53% were represented by 

the silicoflagellate Dictyocha speculum. 86% of the total biomass were truly 

planktonic species while the rest were benthic.

The diatom fraction of the population was dominated by Coscinodiscus spp. (31.25% 

of the total biomass) and Diatoma spp. (17.2%). Also common were Navicula spp., 

Skeletonema costatum (each accounted for 9.7% of the total biomass) and 

Thalassiosira nordenskioldii (11.9%). The diatom Cocconeis clandestina, 

Grammatophora marina, Melosira nummuloides, Pleurosigma spp. and Synedra 

spp. were present in small numbers (Table. 3. 4. 14.). The dinoflagellate fraction was 

represented by Ceratium macroceros.

At 5 metres depth, the total number of algal cells was 16.62 x lO^cells.l'l, of which 

91,27% were diatoms, 1.94 were dinoflagellates and the rest was represented by the 

silicoflagellate Dictyocha speculum . 77,7% of the total biomass were truly planktonic 

species and the rest were benthic. The diatom fraction was dominated by 

Coscinodiscus spp. (29% of the total biomass), Navicula spp. (21,38%) and 

Thalassiosira nordenskioldii (15.54%). The diatom Skeletonema costatum was 

observed frequently (6 .8%). The diatoms Diatom elongatum, Grammatophora 

marina, Melosira islandica, Rhizosolenia spp. and T  . decipiens were present in 

small numbers (Table. 3. 4. 14.). The dinoflagellate fraction was represented by 

Ceratium tripos.
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Table. 3.4.14.  The number of algal cells (1'̂ ) and their percentages, for 7th November, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 4842 31,25 4842 29.13 5326 37.92 4035 32.48
Cocconeis 
clandestina (B)

161 1.07 - - 161 1.15 “ -

Diatoma spp (B) 2582 17.2 1775 10.68 968 6.89 1614 12.98
Diatoma elongatum (B) - - 322 1.94 - - - -

Fragilariasp (P) - - - - - - 161 1.3
Grammatophora 
marina (B)

161 1.07 161 0.97 -

Melosira islandica (P) - . 161 0.97 322 2.29 - -

Melosira 
nummuloides (P)

807 5.37 - - - - - -

Navicula spp (B) 1452 9.68 3542 21.38 1129 8.04 2098 16.88
Nitzschia spp (B) - - - - 161 1.15 - -

Pleurosigma spp (B) 161 1.07 - - - - 161 1.3
Rhizosolenia spp (P) - - 161 0.97 161 1.15 - -

Skeletonema 
costatum (P)

1452 9.68 1192 6.79 1452 10.34 1129 9.1

Synedra sp (B) 322 2.15 - - - - - -

Thalassiosira 
decipiens (?)

- 484 2.9 322 2.29

Thalassiosira 
nordenskioldii (?)

1775 11.87 2582 15.54 1129 8.04 1614 12.98

Dinoflagellates
Ceratium 
macroceros (?)

161 1.07 - - - - 322 2.6

Ceratium tripos (?) - - 322 1.94 161 1.15 - -

Silicoflagellates
Dictyocha 
speculum (?)

1129 7.52 1129 6.79 2744 19.59 1291 10.38
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At station 9 (surface), the algal biomass was 14 x lO^cells.l'^ of which 193%  were 

diatoms, 1.15% were dinoflagellates and the rest were represented by the silicoflagellate 

Dictyocha speculum. 98.8% of the total biomass were truly planktonic and the rest 

were benthic. Coscinodiscus spp. was by far the dominant diatom species being 

present in numbers of 5.33 x lO^cells.l"^ which accounted for 37.9% of the total 

biomass, ranking second in terms of biomass was S. costatum (10.34%). The diatoms 

Diatoma spp., Navicula spp. and T. nordenskioldii were observed frequently. The 

diatoms Cocconeis disculus, Melosira islandica, Nitzschia spp., Rhizosolenia spp. and 

T. decipiens were observed in small numbers (Table. 3. 4. 14.). The dinoflagellate 

fraction was represented by C. tripos.

At 5 metres depth, the total number of algal cells was 12.43 x lO^cells.l'l, of which 

87% were diatoms, 2.6% were dinoflagellates and the rest were represented by the 

silicoflagellate Dictyocha speculum. 81.8% of the total biomass were truly planktonic 

species and the rest were benthic. The diatom fraction was dominated by 

Coscinodiscus spp. (32.5% of the total biomass), ranking second in terms of biomass 

was Navicula spp. (16.8%). Also common were Diatoma spp. and Thalassiosira 

nordenskioldii, each accounted for 12,9% of the total biomass. The diatom 

Skeletonema costatum was observed frequently. Also present were Fragilaria spp. 

and Pleurosigma spp., each contributed little to the total biomass of the population. 

The dinoflagellate fraction was represented by Ceratium macroceros.

On 21st November, the algal biomass remained low, with a further decrease for samples
CL

collected from station 11 at both depths andy/slight increase for samples collected from 

station 9 at both depths. Diatoms remained as the dominant fraction of the population, 

with Coscinodiscus spp. the most dominant species.

At station 11 (surface), the algal biomass was 11.78 x 10^cells.l \  of which 72.6% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (89%) ,
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dinoflagellates represented 5 A l  % of the total biomass and the rest was represented by 

the silicoflagellate Dictyocha speculum . The diatom fraction was dominated by 

Coscinodiscus spp. (35.67% of the total biomass), Diatoma spp. (15%) and Navicula 

spp. was observed frequently. Amphora macilenta, Pleurosigma spp., Synedra spp. 

and Thalassiosira decipiens were observed in small numbers (Table. 3. 4. 15.). The 

dinoflagellate fraction was represented by Ceratium tripos and Dinophysis acuta.

At 5 metres depth, the total number of algal cells was 10.2 x lO^cells.l'l, of which 

82.6% were diatoms, 6.33% were dinoflagellates and the rest was represented by the 

silicoflagellate Dictyocha speculum. 85.7% of the total biomass were truly planktonic 

species and the rest were benthic. The diatom fraction was dominated by 

Coscinodiscus spp. (33.4% of the total biomass) and Diatoma spp. (19%). Also 

common was T. nordenskioldii (12.7%). The diatom Navicula spp. was observed 

frequently. Amphora robusta, Grammatophora marina, Licmorpha spp. and T. 

decipiens were observed in small numbers (Table. 3. 4. 15.). The dinoflagellate 

fraction was represented by C. macroceros, C. tripos and Protoperidinium spp.

At station 9 (surface), the algal biomass was 14 x lO^cells.l'^ of which 89.9% were 

diatoms and the rest was represented by the silicoflagellate Dictyocha speculum. 

85.4% of the total biomass were truly planktonic species and the rest were benthic. The 

diatom fraction was dominated by Coscinodiscus spp. (23.65% of the total biomass), 

Melosira spp. (14.6%) and Skeletonema costatum (21.3%). Diatoma spp. and 

Navicula spp. were observed frequently. Chaetoceros spp., Grammatophora marina, 

Rhabdonema arcuatum and Thalassiosira nordenskioldii were observed in small 

numbers (Table. 3. 4. 15.).

At 5 metres, the total number of algal cells was 28.2 x lO^cells.b^, of which diatoms 

represented 97.7%, dinoflagellates represented 0.57% and the rest was represented by 

the silicoflagellate Dictyocha speculum. 32% of the total biomass were truly 

planktonic species and the rest were benthic. Navicula spp. was by far the dominant
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Table. 3.4.15.  The number of algal cells (1*̂ ) and their percentages, for 21st November, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Amphora macilenta (B) 161 1.37 - - - - -

Amphora robusta (B) _ 161 1.58 . - . -

Chaetoceros spp (P) - - - - 161 1.12 161 0.57
Coscinodiscus spp (P) 4196 35.67 3389 33.4 3389 23.65 3392 13.14
Diatoma spp (B) 1775 15.06 1936 19.04 1291 8.98 1291 4.57
Grammatophora 
marina (B)

- - 161 1.58 484 3.37 161 0.57

Licmophora sp (B) - - 161 1.58 - - - -

Melosira spp (P) - - - - 2098 14.6 807 2.85
Navicula spp (B) 2259 19.17 645 6.35 1452 10.11 18723 66.33
Pleurosigma spp (B) 484 4.1 322 3.17 - - 322 1.14
Rhabdonema 
arcuatum (B)

- - - - 161 1.12

Skeletonema 
costatum (P)

- - - - 3066 21.34 1129 3.99

Synedra sp (B) 322 2.73 - - - - - -

Thalassiosira 
decipiens (P)

161 1.37 322 3.17

Thalassiosira 
nordenskioldii (?)

1129 9.58 1291 12.69 807 5.6 1291 4.57

Dinoflagellates
Ceratium furca (?) - - - - - - 161 0.57
Ceratium macroceros (?) - - 161 1.58 - - - -

Ceratium tripos (?) 484 4.1 322 3.17 - - - -

Dinophysis acuta (?) 161 1.37 - - - - - -

Protoperidinium sp (P) - - 161 1.58 - - - -

Silicoflaeellates
Dictyocha 
speculum (P)

645 5.48 1129 11.11 1452 10.11 484 1.7
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diatom species, being present in numbers of 18.7 x lO^cells.l'^ which accounted for 

66.33% of the total biomass, ranking second in terms of biomass was Coscinodiscus 

spp. (13%), The diatoms Chaetoceros spp., Diatoma spp., Grammatophora marina, 

Licmophora spp., Pleurosigma spp., S. costatum and T. nordenskioldii were present in 

low numbers (Table. 3. 4. 15.). The dinoflagellate fraction was represented by 

Ceratium furca.

Although a slight increase in the total number of algal cells was observed on 5th 

December, the numbers remained low. Diatoms remained as the dominant fraction of 

the population, S. costatum succeeded Coscinodiscus spp. as the dominant species.

At station 11 (surface), the algal biomass was 43.5 x lO^cells.l'^ of which 97.78% were 

diatoms, 1.48% were dinoflagellates and the rest of the population was represented by 

the silicoflagellate Dictyocha speculum. 97.7% of the total biomass were truly 

planktonic species and the rest were benthic. The diatom fraction was composed 

predominantly of short strains of Skeletonema costatum which represented 82.9% of 

the total biomass, ranking next in abundance was Thalassiosira nordenskioldii 

(10.37%).

The diatoms Coscinodiscus spp., Melosira spp., Navicula spp., Pleurosigma spp., 

Rhabdonema arcuatum and Rhizosolenia spp. were observed in small numbers 

(Table. 3. 4. 16.). The dinoflagellate fraction was represented by Ceratium furca, C. 

lineatum and C. tripos.

At 5 metres depth, the total number of algal cells was 49.4 x lO^cells.l'l, of which 99% 

were diatoms. 0.64% were dinoflagellates and the rest of the population was 

represented by the silicoflagellate Dictyocha speculum. 96.4% of the total biomass 

were truly planktonic species and the rest were benthic. The diatom fraction was 

composed predominantly of S. costatum which represented 79.14% of the total 

biomass, ranking next in abundance was T. nordenskioldii (12.42%). The diatoms
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Table. 3.4.16.  The number of algal cells (1‘ )̂ and their percentages, for 5th December, are summarised
in the following table.

P = planktonic B = benthic n = number of algal cells % = percentage of different algal cells

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Biddulphia sinensis (P) - - 322 0.64 - - - -

Coscinodiscus spp (P) 161 0.37 1291 2.61 807 1.18 484 1.1
Diatoma spp (B) - - - - 322 0.47 645 1,46
Melosira spp (P) 645 1.48 - - - - 968 2.19
Navicula spp (B) 645 1.48 1291 2.61 807 1.18 1614 3.66
Nitzschia sp (B) - - 484 0.98 - - - -
Pleurosigma spp (B) 161 0.37 - - - - 161 0.36
Rhabdonema 
arcuatum (B)

161 0.37 - - - - * -

Rhizosolenia spp (P) 161 0.37 161 0.32 - - - -
Skeletonema 
costatum (P)

36156 82.97 39062 79.14 60530 88.455 34865 79.15

Thalassiosira 
decipiens (P)

- - 161 0.32 484 0.7 - -

Thalassiosira 
nordenskioldii (P)

4519 10.37 6133 12.42 3873 5.66 5165 11.72

Dinoflagellates
Ceratium furca (P) 161 0.37 . - 161 0.235 161 0.36
Ceratium lineatum (P) 322 0.74 - - - - - -

Ceratium tripos (P) 161 0.37 - - - - - -

Protoperidinium 
excentricum (P)

- - 161 0.32 - - - -

Protoperidinium 
ovatum (P)

161 0.32

Silicoflagellates
Dictyocha 
speculum (P)

322 0.74 161 0.32 1452 2.12
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Biddulphia sinensis, Coscinodiscus spp., Navicula spp., Nitzschia spp., Rhizosolenia 

spp. and T. decipiens were observed in smaller numbers. The dinoflagellate fraction 

was represented by Protoperidinium excentricum and Protoperidinium ovatum  

(Table. 3. 4. 16.).

At surface (9), the algal biomass was 68.4 x lO^cells.l ^  of which 97.6% were diatoms, 

0 .2% were dinoflagellates and the rest was represented by the silicoflagellate 

Dictyocha. 98.8% of the total biomass were truly planktonic species and the rest were 

benthic. The diatom fraction was composed predominantly of Skeletonema costatum, 

which represented 88.45% of the total biomass, ranking next in abundance was T. 

nordenskioldii (5.66%). The diatoms Coscinodiscus spp., Diatoma spp., Navicula 

spp. and T. decipiens were observed in smaller numbers (Table. 3. 4. 16.). The only 

dinoflagellate observed was Ceratium furca.

At 5 metres depth, the total number of algal cells was 44 x lO^cells.l'l, of which 

99.64% were diatoms, the rest of the population was represented by the dinoflagellate 

C. furca. The diatom fraction was composed predominantly of S. costatum which 

represented 79% of the total biomass, again ranking next in abundance was T. 

nordenskioldii (11.7%). The diatoms Coscinodiscus spp., Diatoma spp., Melosira 

spp., Navicula spp. and Pleurosigma spp. were observed in small numbers.

On 3rd January, a further decrease in the total number of algal cells was observed. 

Diatoms remained as the dominant fraction of the population.

At station 11 (surface), the algal biomass was 9 x lO^cells.1'1, of which 80.36% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (89.3% of 

the total biomass). The diatom fraction consisted mainly of Skeletonema costatum 

(34.8% of the total biomass), Coscinodiscus spp. (17.85%) and Navicula spp. (16%). 

Also common was Thalassiosira nordenskioldii (10% of the total biomass). The
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diatoms Chaetoceros spp., Diatoma spp. and Grammatophora marina were observed 

in smaller numbers (Table. 3. 4. 17.). Although S. costatum, Coscinodiscus spp. and 

Navicula spp. were the dominant organisms, they appeared unhealthy under the 

microscope, with many empty frustules being present. The dinoflagellate fraction was 

represented by Ceratium fusus and C. tripos. Also present was the silicoflagellate 

Dictyocha speculum.

At 5 metres depth, the total number of algal cells was 10.8 x lO^cells.l'l, of which 

59.7% of the total biomass were diatoms and the rest was represented by the 

dinoflagellates C. furca and Dinophysis acuta. Coscinodiscus spp., Diatoma spp., 

Melosira spp., Navicula spp., Synedra spp. and Thalassiosira nordenskioldii 

comprised a large proportion of the biomass. Grammatophora marina and 

Skeletonema costatum were present and contributed little to the total biomass of the 

population (Table. 3. 4. 17.).

At station 9 (surface), out of a total standing crop of 11.62 x lO^cells.T^ 86% were 

diatoms, 1.38% were represented by the dinoflagellate Ceratium lineatum and 12.5% 

were represented by the silicoflagellate Dictyocha speculum. 82.3% of the total 

biomass were truly planktonic species and the rest were benthic.

The diatom fraction was dominated by Coscinodiscus spp. (25.2% of the total 

biomass) and Melosira spp. (20.8%). Also common were Diatoma spp. (8.3%), 

Navicula spp. (13.88%) and Skeletonema costatum (11.11%). Grammatophora 

marina, Pleurosigma spp. and T. nordenskioldii were present in small numbers 

(Table. 3. 4. 17.).

At 5 metres depth, out of a total standing crop of 12.5 x lO^cells.l'^ 90.96% were 

diatoms and the rest were represented by the silicoflagellate Dictyocha speculum. 72% 

of the total biomass were truly planktonic species and the rest were benthic. The
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Table. 3.4, 17. The number of algal cells (1*) and their percentages, for 3rd January, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros sp (?) 322 3.57 - - - - - -
Coscinodiscus spp (?) 1614 17.85 2582 23.94 2905 25.2 4101 33.37
Diatoma spp (B) 484 5.35 1452 13.43 968 8.33 968 7.75
Grammatophora 
marina (B)

322 ' 3.57 322 2.98 322 2.7 484 3.87

Melosira spp (?) - - 1614 14.9 2421 20.83 1775 14.21
Navicula spp (B) 1452 16.07 1452 13.43 1614 13.88 2744 21.96
Pleurosigma sp (B) - - - - 161 1.38 - -
Skeletonema 
costatum (?)

2905 34.82 322 2.98 1291 11.11 322 2.5

Synedra sp (B) - - 968 8.95 - - - -

Thalassiosira 
nordenskioldii (?)

968 10.07 1452 13.43 322 2.7 968 7.75

Dinoflagellates
Ceratium fusus (?) 161 1.78 - - - - -
Ceratium furca (?) - - 161 1.49 - - - -
Ceratium lineatum (?) - - - - 161 1.38 ' -
Ceratium tripos (?) 322 3.57 - - - - - -

Dinophysis acuta (?) - - 484 4.47 - - - -

Silicoflagellates
Dictyocha 
speculum (?)

484 3.35 1452 12.49 1129 9.04
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diatom fraction was dominated by Coscinodiscus spp. (33.37% of the total biomass) 

and Navicula spp. (21.96%). Also common was Melosira spp. (14.2%). Diatoma 

spp. and Thalassiosira nordenskioldii were observed frequently and each accounted 

for 7.75% of the total biomass. Grammatophora marina and Skeletonema costatum 

were present in small numbers (Table, 3. 4, 17.).

On 31st January, again the total number of algal cells remained low, with diatoms as the 

dominant fraction of the population. S. costatum was the most prominent species with 

the exception of samples collected from station 11, at 5 metres depth, where Navicula 

spp. and T. nordenskioldii were the most dominant species.

At station 11 (surface), out of a total standing crop of 11.94 x lO ^ c e lls . l ' l ,  about 96% 

were diatoms and the rest of the population was represented by the silicoflagellate 

Dic/yocha speculum. S. costatum was the most dominant species (31% of the total 

population), also common were Coscinodiscus spp. (14.86%), Navicula spp. (13.5%) 

and T. nordenskioldii (13.5%). Diatoma spp., Eucampia zodiacus, Leptocylindrus 

danicus, Nitzschia spp. and Pleurosigma spp. were present in small numbers (Table. 

3. 4. 18.). 77% of the total biomass were truly planktonic species and the rest were 

benthic.

At 5 metres depth, out of a total standing crop of 10.65 x lO^cells.l"^ 95.5% were 

diatoms, 3% were dinoflagellates, which were represented by Ceratium lineatum and 

Dinophysis acuta, each accounted for 1.5% of the total biomass and the rest of the 

population was represented by the silicoflagellate Dictyocha speculum. 63.5% of the 

total biomass were truly planktonic species and the rest were benthic. The diatom 

fraction was composed predominantly of Navicula spp. (27.47% of the total biomass) 

and Thalassiosira nordenskioldii (22.7%). Coscinodiscus spp. and Diatoma spp. 

were also common. Achnanthes brevipes, Amphiprora paludosa, Amphiprora 

surirelloides, Cistula lorenziana, Grammatophora marina, Leptocylindrus danicus,
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Table, 3.4. 18. The number of algal cells (1‘) and their percentages, for 31st January, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes brevipes (B) 161 1.5
Amphiprora paludosa (?) - - 161 1.5 - - - -

Amphiprora - - 161 1.5 - - - -
surir elloides (?) 
Biddulphia regia (?) 161 1.35
Chaetoceros sp (?) - - - - - - 968 8.1
Coscinodiscus spp (?) 1775 14.86 1614 15.15 807 6.57 1614 13.51
Cistula lorenziana (B) - - 161 1.5 - - - -

Diatoma spp (B) 484 4.05 1129 10.6 1291 10.52 968 8.1
Eucampia zodiacus (?) 161 1.35 - - - - - -

Fragilaria capucina (?) - - - - 322 2.63 322 2.7
Grammatophora - - 161 1.5 - - 161 1.35
marina (B) 
Gyrosigma spp (B) . 161 1.31 484 4.05
Leptocylindrus 161 1.35 161 1.5 - - - -

danicus (?) 
Melosira spp (?) 807 6.75 968 7.891 1291 10.8
Navicula spp (B) 1614 13.51 2905 27.47 3066 25 1452 12.16
Nitzschia sp (B) 807 6.75 - - - -

Nitzschia closterium (B) - - 161 1.5 322 2.63 - -

Nitzschia obtusa (B) - - - - 161 1.31 - -

Pleurosigma spp (B) 322 2.7 322 3 - - 161 1.35
Rhabdonema - - - - - - 161 1.35
arcuatum (B) 
Scoliopleura tumida (?) 161 1.31
Skeletonema 3712 31.08 645 6.06 2098 17.18 2098 17.62
costatum (?) 
Thalassiosira 1614 13.51 2421 22.72 1936 15.78 1614 13.51
nordenskioldii (?)

Dinoflagellates 
Ceratium lineatum (?) 161 1.5
Ceratium tripos (?) - - - - - - 322 2.7
Dinophysis acuta (?) - - 161 1.5 - - - -

Peridinium sp (?) - - - - 161 1.31 - -

Silicoflagellates
Dictyocha 484 4.05 161 1.5 807 6.56 161 1.35
speculum (?)
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N itzschia closterium , P leurosigm a spp. and Skeletonem a costatum  were present in

small numbers (Table. 3. 4. 18.).

At station 9 (surface), out of a total standing crop of 12.3 x lO^cells.l'l, 93.4% were 

diatoms, 1.3% were represented by the dinoflagellate Protoperidinium spp. and the 

rest of the population was represented by the silicoflagellate Dictyocha speculum. 

68.44% of the total biomass were truly planktonic species and the rest were benthic. 

The diatom fraction was dominated by Navicula spp. (25% of the total population), 

Skeletonema costatum (17.2%) and Thalassiosira nordenskioldii (15.78%). 

Coscinodiscus spp., Diatoma spp. and Melosira spp. were observed frequently. The 

diatoms Fragilaria capucina, Gyrosigma spp., Nitzschia closterium, Nitzschia obtusa 

and Scoliopleura tumida were present in small numbers (Table. 3. 4. 18.).

At 5 metres depth, out of a total standing crop of 12 x lO^cells.l'^ 95.95% were 

diatoms, 2.7% were represented by the dinoflagellate Ceratium tripos and the rest of 

the population was represented by the silicoflagellate Dictyocha speculum. 79.74% of 

the total biomass were truly planktonic species and the rest were benthic.

The diatoms Coscinodiscus spp., Melosira spp., Navicula spp., S. costatum and 

Thalassiosira nordenskioldii comprised a large proportion of the total biomass (Table. 

3. 4. 18.). Also common were Chaetoceros spp. and Diatoma spp., each accounted 

for 8.1% of the total biomass. The diatoms Biddulphia regia, Fragilaria capucina, 

Grammatophora marina, Gyrosigma spp., Pleurosigma spp. and Rhabdonema 

arcuatum were present in small numbers (Table. 3. 4. 18.).

The total number of algal cells remained low on 20th February. Diatoms remained as 

the dominant fraction of the population. An increase in the contribution of the benthic 

species was observed mainly for samples collected from station 11 at both depths.
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At station 11 (surface), out of a total standing crop of of 10 x lO^cells.l'^ 96.78% were 

diatoms and the rest of the biomass was represented by the dinoflagellates Ceratium 

furca  and C. lineatum. 58% of the total biomass were truly planktonic species and the 

rest were benthic.

The diatom fraction was dominated by Navicula spp., Thalassiosira nordenskioldii, 

each accounted for 27.42% of the total biomass and Skeletonema costatum (16%). 

The diatoms Diatoma spp. and Nitzschia bilobata were frequent. Coscinodiscus spp., 

Grammatophora marina, Pinnularia ambigua and Pleurosigma spp. were present in 

small numbers (Table. 3. 4. 19.).

At 5 metres depth, out of a total standing crop of 10 x lO^cells.l"!, 9% were diatoms, 

3% were represented by the dinoflagellates Ceratium lineatum and Peridinium spp. 

and the rest of the population was represented by the silicoflagellate Dictyocha 

speculum.

The diatom fraction was dominated by S. costatum (35.7% of the total biomass) and 

Thalassiosira nordenskioldii (29.6%). Also common was Navicula spp. (18,36% of 

the total quantity). The diatoms Biddulphia aurita, Diatoma spp., Nitzschia bilobata 

and Pleurosigma spp. were present in small numbers (Table. 3. 4. 19.).

At station 9 (surface), out of a total standing crop of 19.85 x lO^cells.1‘1, 97.56% were 

diatoms and the rest of the biomass was represented by the silicoflagellate Dictyocha 

speculum. 80.5% of the total biomass were truly planktonic species and the rest were 

benthic.

The diatom fraction was dominated by Skeletonema costatum (38.3% of the total 

biomass) and Thalassiosira nordenskioldii (22.76%). Also common was Navicula 

spp. which accounted for 15.44% of the total quantity. The diatoms Biddulphia 

aurita, Coscinodiscus spp., Diatoma spp., Grammatophora marina, Melosira spp.,
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Table, 3.4.  19. The number of algal cells (1*) and tlieir percentages, for 20th February, are summarised
in the following table.

P = planktonic, B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Biddulphia aurita (?) - - 161 1.02 484 2.44 - -

Coscinodiscus spp (?) 322 3.22 - - 645 3.25 807 2.97
Diatoma spp (B) 807 8.06 807 5.1 807 4.06 322 1.19
Diploneis crabro (?) - - - - - - 161 0.59
Grammatophora 
marina (B)

161 1.61 - “ 161 0.81 322 1.19

Melosira spp (?) - - - - 1452 7.3 14365 52.97
Navicula spp (B) 2744 27.42 2905 18.36 3066 15.44 3066 11.31
Nitzschia bilobata (B) 968 9.67 645 4.08 161 0.81 - -

Niztschia 
closterium (B)

- - - - 322 1.62 161 0.59

Pinnularia ambigua (B) 161 1.61 - - - - - -
Pleurosigma spp (B) 161 1.61 161 1.02 161 0.81 161 0.59
Skeletonema 
costatum (?)

1614 16.16 5649 35.73 7586 38.26 968 3.56

Thalassiosira 
nordenskioldii (?)

2744 27.48 4680 29.59 4519 22.76 6133 22.66

Dinoflagellates
Ceratium furca (?) 161 1.61 - - - - - -
Ceratium lineatum (?) 161 1.61 322 2.04 - - - -

Peridinium sp (?) - - 161 1.02 - - - -

Silicoflaeellates
Dictyocha 
speculum (?)

322 2.04 484 2.44 645 2.38
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N itzschia  bilobata, N . closterium  and P leurosigm a spp. were present in small numbers

(Table. 3. 4. 19.).

At 5 metres depth, out of a total standing crop of 27 x lO^cells.l'^ 97.6% were diatoms 

and the rest of the population was represented by the silicoflagellate Distephanus 

speculum. 86.3% of the total biomass were truly planktonic species and the rest were 

benthic,

Melosira spp. was by far the dominant species, being present in numbers of 14.36 x 

lO^cells.l'^ which accounted for 53% of the total biomass, ranking second in terms of 

biomass was T. nordenskioldii (22.66% of the total population). Also common was 

Navicula spp. (11.3%). The diatoms Coscinodiscus spp., Diatoma spp., Diploneis 

crabro, Grammatophora marina, Nitzschia closterium, Pleurosigma spp. and 

Skeletonema costatum were present in small numbers (Table. 3. 4. 19.).

Spring 1985

A gradual increase in the total number of algal cells was observed, with the maximum 

for this study recorded on 3rd April for samples collected from the surface at station 9. 

For samples collected from 5 metres depth at station 9 and from station 11 at surface 

and 5 metres depth, the maximum numbers of algal cells were observed on 29th March. 

Diatoms were the dominant fraction of the population, with Skeletonema costatum as 

the dominant species.

On 6th March, at station 11 (surface), the algal biomass was 133.97 x lO^cells.F^ of 

which 96.64% were truly planktonic species and the rest benthic. The population was 

almost entirely made up of diatoms (99.76% of the total biomass), and the rest of the 

population was represented by the silicoflagellate Dictyocha speculum. The diatom 

fraction was dominated by Skeletonema costatum (66% of the total biomass), ranked

203



second in terms of biomass was Leptocylindrus danicus which represented 27.47%. 

Also present were Coscinodiscus spp., Cocconeis disculus, Diatoma spp., 

Grammatophora marina, Nitzschia spp., Nitzschia bilobata, Synedra spp., Thalassiosira 

decipiens and T. nordenskioldii (Table. 3. 4. 20.).

At 5 metres depth, the total number of algal cells was 109 x lO^cells.l 1, of which 

97.36% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (99.4% of the total biomass). The diatom Leptocylindrus danicus (5Lp%)  

succeeded Skeletonema costatum (3^.3%) as the dominant species. The diatoms 

Achnanthes longipes, Coscinodiscus spp., Cocconeis disculus, Diatoma spp., Navicula 

spp., Nitzschia bilobata, Synedra spp, Thalassiosira decipiens and T, nordenskioldii 

were present in small numbers not exceeding 6.6  x lO^cells.l'l (Table. 3. 4. 20.). The 

silicoflagellate Dictyocha speculum was also present in small numbers.

At station 9 (surface), the population was made up entirely of diatoms. The algal 

biomass was 161.4 x 103cells.l'l, o f which 99.44% were truly planktonic species and 

the remainder were benthic.

The population was dominated by S. costatum (49.4% of the total biomass) and 

Leptocylindrus danicus (33%). The diatom Biddulphia aurita was frequent. The 

diatoms Coscinodiscus spp., Cocconeis disculus, Melosira spp., Melosira 

nummuloides, Navicula spp., Navicula distans, Nitzschia spp., Nitzschia bilobata, 

Pleurosigma spp., Synedra spp., T. decipiens and T. nordenskioldii were present in 

very small numbers (Table. 3. 4. 20.).

At 5 metres depth, again diatoms represented 100% of the biomass. The total number 

of algal cells was 154.2 x lO^cells.1‘1, of which 96.6% were truly planktonic species 

and the rest were benthic. Skeletonema costatum was dominant (60% of the total 

biomass), ranked second in terms of biomass was Leptocylindrus danicus (23.65%).
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Table. 3. 4. 20. The number of algal cells (1'̂ ) and their percentages, for 6th March, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes longipes (B) 322 0.29
Biddulphia aurita (P) - - - - 11298 7 6456 4.18
Coscinodiscus spp (?) 322 0.24 645 0.59 968 0.59 1936 1.25
Cocconeis disculus (B) 322 0.24 322 0.29 322 0.2 1209 0.78
Diatoma spp (B) 322 0.24 645 0.59 . - - -

Grammatophora 322 0.24 - - - - - -

marina (B) 
Gyrosigma sp (B) . . 322 0.209
Leptocylindrus 36802 27.47 56817 51.99 53326 33 36479 23.65
danicus (?) 
Melosira sp (?) 2905 1.8
Melosira - - - - 1291 0.8 - -

nummuloides (?) 
Navicula spp (B) 645 0.59 645 0.39 1936 1.25
Navicula distans (B) - - - - 322 0.2 - -

Nitzschia spp (B) 1614 1.2 - - 645 0.4 - -

Nitzschia 645 0.48 968 0.88 3228 1.99 1936 1.25
bilobata (B) 
Pleurosigma sp (B) 645 0.39 .

Skeletonema 88454 66.05 39707 36.38 79738 49.39 92651 60.12
costatum (?) 
Synedra spp 1936 1.44 968 0.88 1936 1.19 645 0.42
Thalassiosira 645 0.48 6617 6.05 1291 0.8 7425 4.8
decipiens (?) 
Thalassiosira 2259 1.68 968 0.88 2905 1.8 3228 2.09
nordenskioldii (?)

Silicoflaeellates
Dictyocha 322 0.24 645 0.59
speculum (?)
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The diatom Biddulphia aurita was frequent. The diatoms Coscinodiscus spp., 

Cocconeis disculus, Gyrosigma spp., Navicula spp., Nitzschia bilobata, Synedra spp., 

Thalassiosira decipiens and T. nordenskioldii were present in small numbers (Table. 

3. 4. 20.).

On March 13th a further increase in the total numbers of algal cells was observed. 

Diatoms remained as the dominant fraction of the population with Leptocylindrus 

danicus and S. costatum as the dominant species.

At station 11 (surface), the total number of algal cells was 503.3 x lO^cells.l'^ of which 

99.53% were truly planktonic species and the rest were benthic, Diatoms were 

dominant (99.74% of the total biomass). Leptocylindrus danicus 51.6%) and S. 

costatum (45.3%) were dominant. The diatoms Coscinodiscus spp., Isthmia enervis, 

N. bilobata, Synedra spp., T. decipiens and T. nordenskioldii were present in small 

numbers not exceeding 7 x lO^cells.bl (Table 21). Also observed in very small 

numbers was the dinoflagellate Ceratium lineatum (0.06%) and the silicoflagellate 

Dictyocha speculum (0,02%).

At 5 metres depth, the population was made up entirely of diatoms. The total number 

of diatom cells was 568.2 x lO^cells.l’ ,̂ of which (0.44% were truly planktonic species 

and the rest were benthic. Skeletonema costatum was the dominant species being 

present in numbers of 367.7 x lO^cells.l'l, which accounted for 64.7% of the total 

biomass, ranking second in terms of biomass was Leptocylindrus danicus (32%). The 

diatoms Coscinodiscus spp., Cocconeis disculus, Navicula spp., Nitzschia bilobata, 

Synedra spp. and Thalassiosira nordenskioldii were present in small numbers (Table. 

3 .4 .21 .).

At station 9(surface), the total algal biomass was 509 x lO^cells.l'^ of which 99.56% 

were truly planktonic species and the rest were benthic. The population was almost
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Table. 3.4. 21. The number of algal cells (b^) and their percentages, for 13th March, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 1129 0.22 1936 0.34 2582 0.5 1291 0.28
Cocconeis disculus (B) - - 322 0.056 - - 322 0.069
Diatoma sp (B) - - - - 322 0.063 - -

Isthmia enervis (B) 161 0.032 - - - - - -

Leptocylindrus 
danicus (?)

259875 51.63 182074 32.04 120737 23.71 141075 30.49

Melosira sp (?) - - - - 968 0.19 - -

Navicula spp (B) - - 645 0.11 645 0.12 645 0.139
Nitzschia bilobata (B) 1291 0.25 1936 0.34 1291 0.25 1614 0.348
Pleurosigma sp (B) - - - - 322 0.063 - -

Skeletonema 
costatum (?)

227916 45.314 367700 64.734 375770 73.591 307977 66.585

Synedra spp (B) 968 0.19 645 0.11 - - 322 0.069
Thalassiosira 
decipiens (?)

3551 0.7 - -

Thalassiosira 
nordenskioldii (?)

7102 1.41 12913 2.27 7425 1.45 9361 2.02

Dinoflagellates
Ceratium lineatum (?) 322 0.064 - - - - - -

Silicoflagellates
Dictyocha 
speculum (?)

968 0.19 322 0.063
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entirely made up of diatoms (99.9% of the total biomass), of which S. costatum was 

by far the dominant species, being present in numbers of 375.7 x lO^cells.l"^ which 

accounted for 73.6% of the total biomass, ranking second in terms of biomass was 

Leptocylindrus danicus (23.7%). The diatoms Coscinodiscus spp., Diatoma spp., 

Melosira spp., Navicula spp., Nitzschia bilobata, Pleurosigma spp. and T. 

nordenskioldii were observed in small numbers (Table. 3. 4. 21.). Also present in 

small numbers was the silicoflagellate Dictyocha speculum (0.06% of the total 

quantity).

At 5 metres depth, the population was made up entirely of diatoms. The total number 

of diatom cells was 462.6 x lO^cells.l'^ of which 99.44% were truly planktonic species 

and the rest were benthic. Skeletonema costatum was the dominant species, being 

present in numbers of 307 x lO^cells.l'l, which accounted for 66.58% of the total 

biomass, ranking second in terms of biomass was Leptocylindrus danicus (30.5%). 

The diatoms Coscinodiscus spp., Cocconeis disculus, Navicula spp., Nitzschia bilobata, 

Synedra spp. and Thalassiosira nordenskioldii were present in small numbers (Table. 

3. 4.21.).

A further increase in the total number of algal cells was observed on 20th March. The 

population was made up entirely of diatoms, with S. costatum as the dominant species.

At station 11 (surface), the total number of diatom cells was 1990.5 x lO^cells.l'l ,of 

which 99.87% were truly planktonic species and the rest were benthic. S. costatum 

was by far the dominant species, being present in numbers of 1952 x lO^cells.l’l, which 

accounted for 98.07% of the total biomass. The diatoms Coscinodiscus spp., 

Leptocylindrus danicus, Navicula spp., N. bilobata, Synedra spp., T. decipiens and T. 

nordenskioldii were present in small numbers, each contributing little to the total 

quantity (Table. 3. 4. 22.). At 5 metres depth, the total number of diatom cells was 

2844 X lO^cells.l"^, of which 99.93% were truly planktonic species and the rest were
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Table. 3. 4. 22. The number of algal cells (1*’) and their percentages, for 20th March, are summarised
in the following tables.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (?) 12267 0.616 14850 0.52 9039 0.426 19046 0.62
Cocconeis disculus (B) - - 322 0.011 - - - -

Leptocylindrus 6133 0.308 - - 7747 0.365 2582 0.085
danicus (?) 
Navicula spp (B) 1614 0.081 322 0.011
Nitzschia 645 0.032 1291 0.045 968 0.045 322 0.01
bilobata (B) 
Pleurosigma sp (B) 322 0.011
Skeletonema 1952136 98.07 2805369 98.63 2084495 98.32 2996805 98.665
costatum (?) 
Synedra spp (B) 322 0.016 322 0.015 322 0.01
Thalassiosira 1291 0.06 5582 0.09 645 0.03 645 0.02
decipiens (?) 
Thalassiosira 16141 0.81 19046 0.67 16787 0.79 18078 0.59
nordenskioldii (?)
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benthic. Skeletonema costatum was by far the dominant species, being present in 

numbers of 2805.3 x lO^cells.l'l, which accounted for 98.6% of the total biomass. The 

diatoms Coscinodiscus spp., Cocconeis disculus, Navicula spp., Nitzschia bilobata, 

Pleurosigma spp., Thalassiosira decipiens and T. nordenskioldii were present in small 

numbers (Table. 3. 4. 22.).

At station 9 (surface), the total number of diatom cells was 2120 x lO^cells.l"^ of which 

99.9% were truly planktonic species and the rest were benthic. S. costatum was by far 

the dominant species, being present in numbers of 2084.5 x lO^cells.!'!, which 

accounted for 98% of the total population. Coscinodiscus spp., Leptocylindrus danicus, 

N. bilobata, Synedra spp., T. decipiens and T. nordenskioldii were present in small 

numbers (Table. 3. 4. 22.).

At 5 metres depth, the total number of diatom cells was 3037.8 x lO^cells.l'^, of which 

99.98% were truly planktonic species and the rest were benthic. S. costatum was by far 

the dominant species, being present in numbers of 2996.8 x lO^cells.l'^ which 

accounted for 98.7% of the total quantity. Coscinodiscus spp., Leptocylindrus danicus, 

Synedra spp., T. decipiens and T. nordenskioldii were present in small numbers.

The total number of algal cells on March 29th increased to a maximum at surface and 5 

metres at station 11, for samples collected at station 9 the increase was only observed 

for samples collected from surface, while a decrease in the total number of algal cells 

was observed for samples collected from 5 metres depth. The population was made up 

entirely of diatoms, of which Skeletonema costatum was the dominant species.

At station 11 (surface), the total number of diatom cells was 2102 x 10^cells.l \  of 

which 99.94% were truly planktonic species and the rest were benthic. S. costatum 

was by far the dominant species, being present in numbers of 2087 x lO^cells.T^ which 

accounted for 99.3% of the total biomass. The diatoms Chaetoceros spp.,
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Table. 3.4. 23. The number of algal cells (1'̂ ) and their percentages, for 29th March, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros spp (P) 1614 0.07 - - - 3551 0.12
Coscinodiscus spp (?) 9039 0.43 6456 0.26 9684 0.35 10976 0.38
Cocconeis disculus (B) - - 322 0.013 - - -

Diatoma sp (B) 322 0.015 - - - - -

Gyrosigma sp (B) - - 322 0.013 - - -

Melosira sp (?) - - - - - 3228 0.11
Navicula spp (B) 322 0.015 “ - 322 0.01 645 0.022
Nitzschia 322 0.015 - - -  - - -

bilobata (B)
Pleurosigma spp (B) 322 0.015 - - 645 0.023 - -

Skeletonema 2087401 99.30 2414102 99.35 2743386 99.43 2849919 99.217
costatum (?)
Synedra spp (B) 322 0.015 645 0.026 645 0.023 322 0.011
Thalassiosira 968 0.046 645 0.026 968 0.035 - -

decipiens (?)
Thalassiosira 1614 0.07 7425 0.305 3551 0.128 4196 0.14
nordenskioldii (?)
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Coscinodiscus spp., Diatoma spp., Navicula spp., Nitzschia bilobata, Pleurosigma spp., 

Synedra spp., Thalassiosira decipiens and T. nordenskioldii were present in small 

numbers (Table. 3. 4. 23.).

At 5 metres depth, the total number of diatom cells was 2430 x 103cells.l'^ of which 

99.9% were truly planktonic species and the rest were benthic. S. costatum was by far 

the dominant species, being present in numbers of 2414 x lO^cells.l \  which accounted 

for 99.35% of the total population. Coscinodiscus spp., Cocconeis disculus, Gyrosigma 

spp., Synedra spp., T. decipiens and T. nordenskioldii were present in small numbers 

(Table. 3. 4. 23.).

At station 9 (surface), the total number of diatom cells was 2759 x lO^cells.l'l, of which 

99.94% were truly planktonic species and the rest were benthic. Skeletonema costatum 

was by far the dominant species, being present in numbers of 2743 x lO^cells.l'^ which 

accounted for 99.4% of the total biomass. Coscinodiscus spp., Navicula spp., Synedra 

spp., Thalassiosira decipiens and T. nordenskioldii were present in small numbers 

(Table. 3. 4. 23.).

At 5 metres depth, the total number of diatom cells was 2872.8 x lO^cells.l*^ of which 

99.96% were truly planktonic species and the rest were benthic. S. costatum was by far 

the dominant species, being present in numbers of 2849.9 x lO^cells.l'^ which 

accounted for 99.2% of the total population. The diatoms Chaetoceros spp., 

Coscinodiscus spp., Melosira spp., Nitzschia bilobata, Synedra spp. and T. 

nordenskioldii were observed in small numbers (Table. 3. 4. 23.).

On April 3rd, the total number of algal cells decreased at station 11 at both surface and 

5 metres depth. A similar decrease in the total number of algal cells was recorded for 

samples collected from 5 metres depth at station 9. A maximum total number of algal 

cells for the spring was recorded for samples collected from surface at station 9.
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Diatoms dominated the population both numerically and also in terms of biomass, 

Skeletonema costatum was by far the dominant organism.

At station 11 (surface), the total algal biomass was 1413 x lO ^ c e lls . l ' l ,  which was made

up entirely of diatoms, of which 99.7% were truly planktonic species and the rest were 

benthic. Skeletonema costatum with long chains was dominant which represented 

(97.5% of the biomass). Other organisms present included the diatoms Chaetoceros 

spp., Coscinodiscus spp., Grammatophora marina, Navicula spp., Nitzschia bilobata, 

Synedra spp., Thalassiosira decipiens and T. nordenskioldii (Table. 3. 4. 24.).

At 5 metres depth the total number of algal cells was 1282.6 x lO^cells.l'k The

population was made up entirely of diatoms of which 99.7% were truly planktonic 

species and the rest were benthic. Skeletonema costatum was by far the dominant 

diatom, being present in numbers of 1250.6 x lO^cells.l"^ which represented 97.5% of 

the population. Other organisms present included the diatoms Chaetoceros spp., 

Coscinodiscus spp., Diatoma spp., Navicula spp., Nitzschia bilobata, Synedra spp. and 

Thalassiosira nordenskioldii (Table. 3. 4. 24.).

At station 9 (surface), the total number of algal cells was 514 x lO^cells.l'k Diatoms 

represented 99.9% of the total algal cells of which 98.6% were truly planktonic species 

and 1.25% were benthic.

Skeletonema costatum was by far the dominant diatom, being present in numbers of 

475 X lO^cells.l"^ which represented 92% of the total biomass. Other organisms present 

in small numbers included the diatoms Achnanthes longipes, Chaetoceros spp., 

Coscinodiscus spp., Fragilaria spp., Grammatophora marina, Navicula spp., Nitzschia 

bilobata, Pleurosigma spp., Synedra spp., Thalassiosira decipiens and T. 

nordenskioldii (Table. 3. 4. 24.).
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Table. 3. 4. 24. The number of algal cells (1^  and their percentages, for 3rd April, are summarised
in the following tables.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes longipes (B) - - - - 322 0.062 322 0.078
Chaetoceros spp (?) 6133 0.43 1291 0.1 1614 0.314 - -

Coscinodiscus spp 9039 0.64 8716 0.67 6779 1.32 6779 1.64
Diatoma spp (B) - - 322 0.025 - - 322 0.078
Fragilaria spp (?) - - - - 322 0.062 322 0.078
Grammatophora 
marina (B)

645 0.045 - - 322 0.062 - -

Navicula spp (B) 1291 0.09 2582 0.2 3228 . 0.628 1614 0.4
Nitzschia 
bilobata (B)

645 0.045 322 0.025 968 0.188 322 0.078

Pleurosigma spp (B) - - - - 322 0.062 322 0.078
Skeletonema 
costatum (?)

1378149 97.5 1250632 97.5 475201 92.46 385132 93.34

Synedra spp (B) 968 0.068 968 0.075 1291 0.25 645 0.156
Thalassiosira 
decipiens (?)

645 0.045 - - 322 0.062 -

Thalassiosira 
nordenskioldii (?)

15495 1.1 17755 1.38 22920 4.46 16787 4.06

Silicoflagellates
Dictyocha 
speculum (?)

322 0.062
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The planktonic silicoflagellate Dictyocha speculum was present in very small 

numbers, representing 0.06% of the total population. At 5 metres depth, the total 

number of algal cells was 412 x lO^cells.l'i, the population was made up entirely of 

diatoms of which 99% were truly planktonic species and the rest were benthic. 

Skeletonema costatum was by far the dominant diatom, being present in numbers of 

385 X lO^cells.l"^ which represented 93% of the total population. Other organisms 

present included the diatoms Achnanthes longipes, Coscinodiscus spp., Diatoma spp., 

Fragilaria spp., Navicula spp., Nitzschia bilobata, Pleurosigma spp., Synedra spp. and 

Thalassiosira nor de nskioldii.

Autumn 1985

On September 19th, the total number of algal cells was 188 x lO^cells.T^ at station 11 

(surface). The population was made up entirely of truly planktonic species. Diatoms 

were dominant, representing 87% of the total biomass,of which by far the most 

dominant species was Skeletonema costatum (70.5%). Also common, Thalassiosira 

nordenskioldii (15%). The diatom Coscinodiscus spp. was observed in very small 

numbers (Table. 3. 4. 25.).

Dinoflagellates represented 10.9% of the population of which the dominant species was 

Ceratium lineatum (9.9%). Other dinoflagellates observed were C. fusus, C. furca 

and C. tripos (Table. 3. 4. 25.). The silicoflagellate Dictyocha speculum represented 

1.7% of the population.

At 5 metres depth the total number of algal cells was 138 x lO^cells.Tk 99.54% of the 

total algal cells were truly planktonic species and the rest were benthic, represented by 

the only benthic diatom present^ Aavicm /a spp. Diatoms were dominant representing 

90% of the total biomass of which by far the most dominant species was Skeletonema 

costatum (73%). The diatoms Chaetoceros spp., Coscinodiscus spp., Melosira spp.,
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Table. 3. 4. 25. The number of algal cells (1*) and their percentages, for 19th September, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros spp (?) - - 4519 3.25 - - 3551 2.9
Coscinodiscus spp (?) 3228 1.7 10976 7.9 7102 3.82 3873 3.2
Melosira sp (?) - - 2582 1.86 - - - -

Navicula spp (B) - - 645 0.46 322 0.17 - -

Skeletonema 
costatum (?)

133004 70.5 101367 73.02 134296 72.34 82643 68.08

Thalassiosira 
nordenskioldii (?)

28408 15.06 5165 3.72 13558 7.3 18723 15.4

Dinoflagellates
Ceratium fusus (?) 322 0.17 645 0.46 1936 1.04 1936 1.59
Ceratium furca (?) 645 0.34 1291 0.93 - - 1291 1.06
Ceratium 
lineatum (?)

18723 9.93 2582 1.86 21306 11.47 3228 2.66

Ceratium tripos (?) 968 0.51 5810 4.18 4519 2.43 2582 2.12

Silicoflagellates
Dictyocha 
speculum (?)

3228 1.7 3228 2.32 2582 1.4 6456 5.32
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Navicula spp. and Thalassiosira nordenskioldii were observed in much smaller 

numbers (Table. 3. 4. 25.). The dinoflagellate fraction made up 7.4% of the total 

biomass of which the common species was Ceratium tripos (4.2%). The 

dinoflagellates C, fusus, C. furca  and C. lineatum were observed in much smaller 

numbers (Table. 3. 4. 25.). The silicoflagellate Dictyocha speculum represented 2% of 

the total quantity.

At station 9 (surface), the total algal biomass was 185 x 103cells.l"^ of which 99.8% 

were truly planktonic species. The only benthic species observed was Navicula spp. 

(0.2%). Diatoms were dominant representing 83.6% of the total biomass, of which by 

far the most dominant species was Skeletonema costatum (72%), next in abundance 

was Thalassiosira nordenskioldii (7.3%). The diatom Coscinodiscus spp. was 

observed in small numbers (3.8%). The dinoflagellate population represented 15% of 

the total biomass, which was mostly dominated by the species Ceratium lineatum 

(11.4%), the species C. fusus, C. furca  and C. tripos were observed in small numbers 

(Table. 3. 4. 25.). The silicoflagellate Dictyocha speculum represented 1.4% of the 

total population.

At 5 metres depth the total number of algal cells was 121.4 x lO^cells.l'^. The 

population was made up entirely of truly planktonic species. Diatoms were dominant 

representing 87.2% of the total biomass of which by far the most dominant species was 

Skeletonema costatum (68%). Also common, Thalassiosira nordenskioldii (15.4%). 

The diatoms Chaetoceros spp. and Coscinodiscus spp. were recorded in very small 

numbers (Table. 3. 4 25.). The dinoflagellate population, including Ceratium fusus, C. 

furca, C. lineatum and C. tripos represented 7.4% of the total population. The 

silicoflagellate Dictyocha speculum represented 5% of the total quantity. At the date 

of sampling there were 6.9 hours of sunshine.
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On 30th October, there is a sharp decrease in the total number of algal cells. For 

samples collected from the surface at both stations (11) and (9), dinoflagellates 

succeeded diatoms as the dominant population, while for 5 metres samples, the diatoms 

remained as the dominant fraction.

At station 11 (surface), of a total standing crop of 81.5 x lO^cells.F^, about 40.6% were 

diatoms, 51.5% were dinoflagellates. The rest of the population was represented by the 

silicoflagellate Dictyocha speculum. The population was made up entirely of truly

planktonic species. The diatom fraction was composed predominantly of cells of 

Coscinodiscus spp. (39.6%). The diatom Melosira spp. was observed in very small 

numbers (Table. 3. 4. 26.). The dinoflagellate fraction was composed predominantly 

of Ceratium lineatum (43%). The dinoflagellates Ceratium extensum, C. fusus, C. 

furca  and C. tripos comprised a small proportion of the total biomass (Table. 3. 4. 

26.).

At 5 metres depth, the total number of algal cells was 41 x lO^cells.l*^ of which 83.3% 

were diatoms, 10.4% were dinoflagellates and the rest was represented by the

silicoflagellate Dictyocha speculum. The population was made up entirely of truly

planktonic species. The diatom fraction was comprised predominantly of cells of 

Coscinodiscus spp. (83.6%). The diatom Thalassiosira nordenskioldii was observed 

in very small numbers (Table. 3. 4. 26.). The dinoflagellate fraction was represented by 

Ceratium fusus (2.6%) and C. lineatum (7.8%).

At station 9 (surface), of a total standing crop of 68.8 x 10 ^cells.l"^ about 38% were 

diatoms, 53% were dinoflagellates. The rest of the population was represented by the 

silicoflagellate Dictyocha speculum. The population was made up entirely of truly

planktonic species. The diatom fraction was dominated by Coscinodiscus spp. (24%). 

Also common were Melosira spp. and Skeletonema costatum . The diatom 

Thalassiosira nordenskioldii was observed in very small numbers (Table. 3. 4. 26.).
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Table. 3 .4  26. The number of algal cells (1'̂ ) and their percentages, for 30th October, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 32282 39.6 34434 83.66 16679 24.2 17217 92.7
Diatoma sp (B) - - - - 269 - - -

Melosira spp (?) 8 0.99 - - 3766 5.46 - -

Skeletonema 
costatum (?)

- - - - 5380 7.8 - -

Thalassiosira 
nordenskioldii (?)

269 0.65 269 0.39

Dinoflagellates
Ceratium extensum (?) 538 0.66 - - - - - -

Ceratium fusus (?) 3228 3.96 1076 2.61 1614 2.43 - -

Ceratium furca (?) 538 0.66 - - - - - -

Ceratium 
lineatum (?)

35511 43.56 3228 7.84 34972 50.78 807 4.34

Ceratium tripos (?) 2152 2.64 - - - - -

Silicoflagellates
Dictyocha 
speculum (?)

6456 7.92 2152 5.22 5918 8.6 538 2.89

219



The dinoflagellate fraction was comprised predominantly of Ceratium lineatum 

(50.7% of the total biomass). The dinoflagellate Ceratium fusus comprised a small 

proportion of the total population (Table. 3. 4. 26.).

At 5 metres depth, the total number of algal cells was 18.5 x lO^cells.l'^, which was 

dominated by the only diatom present Coscinodiscus spp. (92.7%). The dinoflagellate 

Ceratium lineatum represented 4.3% of the total population. The rest of the population 

was made up by the silicoflagellate Dictyocha speculum.

Winter 1985-1986

This period of low phytoplankton biomass was dominated by diatoms of which most 

were truly planktonic species. The most dominant species during this period was 

Coscinodiscus spp. Also common were Melosira spp., Navicula spp. and 

Skeletonema costatum. Green flagellates succeeded diatoms as the dominant fraction of 

the population on 12th February.

On 11th November, at station 11 (surface), the algal biomass was 51 x lO^cells.F^ of 

which 96% were truly planktonic species and the rest were benthic. Diatoms dominated 

the population (59% of the total biomass), Coscinodiscus spp. was by far the dominant 

organism, being present in numbers of 24.7 x lO^cells.l'^ (48%). Also present in 

numbers were Diatoma spp., Melosira spp. and Skeletonema costatum, (2.1% of the 

total biomass each). Other diatoms such as Grammatophora marina, Navicula spp., 

Navicula dis tans, Pleurosigma spp., Rhabdonema arcuatum, Synedra and 

Thalassiosira nordenskioldii were present, but each alone contributed very little to the 

total biomass of the population (Table. 3. 4. 27.).
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Table. 3.4. 27. The number of algal cells (1^ and their percentages, for 11th November, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (?) 24750 48.4 104380 90.65 38739 52.94 128154 92.07
Diatoma spp (B) 1076 2.1 - - 807 1.1 - -

Grammatophora 
marina (B)

538 1.05 269 0.23 - - - -

Melosira sp (?) 1076 2.1 - - - - - -

Navicula spp (B) 27 0.52 1076 0.93 538 0.73 2152 1.54
Navicula distans (B) 269 0.52 269 0.23 - - - -

Pleurosigma sp (B) 269 0.52 - - - - - -

Rhabdonema 
arcuatum (B)

269 0.52 - - - - - -

Rhizosolenia sp (?) - - - - - - 538 0.38
Skeletonema 
costatum (?)

1076 2.1 1345 1.16 807 1.1 3497 2.5

Synedra sp (B) 269 0.52 - - - - - -

Thalassiosira 
nordenskioldii (?)

269 0.52 269 0.23 269 0.36 538 0.38

Dinoflagellates
Ceratium fusus (?) 269 0.52 269 0.23 538 0.73 - -

Ceratium furca (?) - - - - 269 0.36 - -

Ceratium 
lineatum (?)

12913 25.26 807 0.7 24750 33.8

Ceratium tripos (?) 269 0.52 - - 269 0.36 - -

Silicoflagellates
Dictyocha 
speculum (?)

7532 14.7 6456 5.6 5918 8.08 4304 3.1
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The dinoflagellate fraction (26% of the total biomass) was dominated by Ceratium 

lineatum (25.3%). The dinoflagellates Ceratium fusus and C. tripos were observed 

in very small numbers (Table. 3. 4. 27.).

The silicoflagellate Dictyocha speculum represented 14.7% of the total population.

At 5 metres depth, the total number of algal cells was 115 x lO^cells.l"^ of which 98% 

were truly planktonic species and the rest were benthic. Diatoms dominated the 

population (93% of the total biomass), Coscinodiscus spp. was by far the dominant 

organism, being present in numbers of 104 x lO^cells.l'^ (90.6%). Also present in 

numbers was Skeletonema costatum. The diatoms Grammatophora marina, Navicula 

spp., Navicula distans and Thalassiosira nordenskioldii were present in very small 

numbers (Table. 3. 4. 27.). The contribution of the dinoflagellate fraction to the total 

biomass at 5 metres depth was much smaller than at surface (0.93%). The two 

dinoflagellate species observed were Ceratium fusus and Ceratium lineatum (Table. 

3. 4. 27.). The silicoflagellate Dictyocha speculum represented 5.6% of the total 

population.

At station 9 (surface), the total number of algal cells was 73 x lO^cells.l"^ of which 

99.3% were truly planktonic species and the rest were benthic. Diatoms were 

dominant, accounting for 55.6% of the total biomass. Coscinodiscus spp. was by far 

the dominant organism (53%), ranking second in terms of biomass was Diatoma spp. 

with Skeletonema costatum . The diatoms Navicula spp. and Thalassiosira 

nordenskioldii were present in small numbers not exceeding 0.5 x lQ3cells.l'l and 

contributed little to the total biomass (Table. 3. 4. 27.).

The dinoflagellate fraction represented 35% of the total biomass and was dominated by 

Ceratium lineatum (33.8%). The dinoflagellates Ceratium fusus, Ceratium furca  and
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Ceratium tripos were observed in much smaller numbers (Table. 3. 4. 27.). The 

silicoflagellate Dictyocha speculum represented 8% of the total population.

At 5 metres depth, the total number of algal cells was 139 x 103cells.l'^ of which 98% 

were truly planktonic species and the rest were benthic.

0
Diatoms dominated the population (^% of the total biomass), Coscinodiscus spp. was 

by far the dominant organism, being present in numbers of 128 x lO^cells.k^ (92%). 

The diatoms Navicula spp., Rhizosolenia spp., Skeletonema costatum and 

Thalassiosira nordenskioldii were present in much smaller numbers (Table. 3. 4. 27.). 

The silicoflagellate Dictyocha speculum represented 3.1% of the total biomass.

On 25th November, the total number of algal cells remained low, not exceeding 20.9 x 

lO^cells.l k Diatoms were again dominant.

At station 11 (surface), the total number of algal cells was 20.9 x lO^cells.l'^ of which 

99.2% were truly planktonic species and the rest were benthic. Diatoms dominated the 

population (90.7% of the total biomass), Coscinodiscus spp. was by far the dominant 

organism, being present in numbers of 16.7 x lO^cells.k^ (80%). The diatoms 

Diatoma spp., Melosira spp., Navicula spp. and Skeletonema costatum were present 

in small numbers not exceeding 0.97 x lO^cells.k^ (Table. 3. 4. 28.). The 

silicoflagellate Dictyocha speculum represented 9.2% of the total quantity.

At 5 metres depth, the algal biomass was 8.8 x lO^cells.l'^ of which 96% were truly 

planktonic species and the rest were benthic. Diatoms dominated the population 

(96.4% of the total biomass) and the rest was represented by the silicoflagellate 

Dictyocha speculum. The diatom Coscinodiscus spp. was by far the dominant species 

(65.5%), ranking next in terms of biomass was Skeletonema costatum (12.7%). The 

diatoms Cocconeis disculus, Diatoma spp., Gyrosigma spp., Melosira spp., Pinnularia
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Table. 3.4.  28. The number of algal cells (1'^ and their percentages, for 25th November, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros sp (P) - - - - - - 807 4.27
Coscinodiscus spp (P) 16787 80 5810 65.45 5810 50.7 12267 64.95
Cocconeis disculus (B) - - 161 1.82 - - 161 0.85
Diatoma spp (B) 484 2.3 322 3.63 322 2.8 - -

Fragilaria spp (?) - - - - 484 4.2 322 1.71
Gyrosigma spp (?) - - 161 1.82 161 1.41 1614 8.54
Navicula spp (B) 161 0.77 - - 161 1.4 807 4.27
Nitzschia seriata (?) - - - - 645 5.6 - -

Pinnularia 
rectangulata (B)

- - 161 1.82 - - - -

Pleurosigma sp (B) - - - - - - 161 0.85
Rhabdonema 
arcuatum (B)

- - - 161 1.4

Skeletonema 
costatum (?)

645 3.07 1129 12.72 2744 23.94 1614 8.54

Thalassiosira 
nordenskioldii (?)

484 5.45 484 2.56

Dinoflagellates
Ceratium lineatum (?) - - - - 161 1.4 - -

Silicoflagellates
Dictyocha 
speculum (?)

1936 9.2 484 5.45 807 7.00 645 3.41
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rectangulata  and T. nordenskioldii were present in small numbers not exceeding 0.48

X lO^cells.l"  ̂ (Table. 3. 4. 28.).

At station 9 (surface), the total number of algal cells was 11.46 x lO^cells.l ^  of which 

90.2% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(91.7% of the total biomass), of which Coscinodiscus spp. was by far the most 

common species, being present in numbers of 5.8 x lO^cells.l"^ (50.7%). Also common 

was Skeletonema costatum (23.9%). The diatoms Diatoma spp., Fragilaria spp., 

Gyrosigma spp., Navicula spp., Nitzschia seriata and Rhabdonema arcuatum were 

observed in small numbers (Table. 3. 4. 28.). The silicoflagellate Dictyocha speculum 

represented 7% of the total biomass.

At 5 metres depth, the total number of algal cells was 18.9 x lO^cells.k^ of which 

94.9% were truly planktonic species and the rest were benthic. Diatoms dominated the 

population (96.6% of the total biomass), Coscinodiscus spp. was by far the dominant 

species, being present in numbers of 12.26 x lO^cells.l'^ (65%), ranked next in terms of 

biomass were and Skeletonema costatum (8.54%). The diatoms

Chaetoceros spp., Cocconeis disculus, Fragilaria spp., Navicula spp., Rhabdonema 

arcuatum and Thalassiosira nordenskioldii were present in small numbers not 

exceeding 0.8 x lO^cells.l"! (Table. 3. 4. 28.). The silicoflagellate Dictyocha speculum 

represented 3.4% of the total quantity.

On 9th December, diatoms remained as the dominant fraction of the population, with 

Coscinodiscus spp. as the dominant species. The dinoflagellate Ceratium lineatum 

was observed only for samples collected from station 9 (surface).

At station 11 (surface), the total number of algal cells was 10.3 x lO^cells.l'^ of which 

84.4% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(93.75% of the total biomass), Coscinodiscus spp. was the dominant species (31.3%).
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Also common were Diatoma spp. (12.5%), Melosira spp. {9.A%) dXid Skeletonema 

costatum (18.75%). Other diatoms including Cocconeis disculus, Cymbella turgida, 

Diatoma elongatum and Rf^cosphenia curvata were present, but each alone 

contributed little to the total biomass of the population. The silicoflagellate Dictyocha 

speculum represented 6 .2% of the total population.

At 5 metres depth the algal biomass was 13.88 x lO^cells.h^ of which 94.2% were 

truly planktonic species and the rest were benthic.

The population was made up entirely of diatoms of which the most dominant species 

was Coscinodiscus spp. (62.8%), also common was Melosira spp. (23.25%). The 

diatoms Diatoma spp., Navicula spp., Synedra spp. and Thalassiosira nordenskioldii 

were observed in much smaller numbers (Table. 3. 4. 29.).

At station 9 (surface), the total number of algal cells was 18.5 x lO^cells.1‘1, of which 

95.64% were truly planktonic species and 4.36% were benthic. Diatoms were dominant 

(92.15% of the total biomass), the most dominant species was Coscinodiscus spp. 

(36.65%). Also present in very large numbers were Leptocylindrus danicus (20.9%) 

and Melosira spp. (24.4%). The diatoms Diatoma spp., Navicula spp., Skeletonema 

costatum and Synedra spp. were present but in small numbers (Table. 3. 4. 29.). The 

dinoflagellate Ceratium lineatum represented 0.87% of the total biomass, also present 

was the silicoflagellate Dictyocha speculum (6.98%).

At 5 metres depth, the algal biomass was 13 x lO^cells.l"^, of which 95% were truly 

planktonic species and the rest were benthic.

Diatoms represented 97.5% of the total biomass, Coscinodiscus spp. was by far the 

dominant organism (69%), also present in large numbers 1.93 x lO^cells.k^ (14.8%) 

was Navicula spp. The diatoms Cymbella turgida, Diatoma spp., Grammatophora
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Table. 3. 4. 29. The number of algal cells (1^ and their percentages, for 9th December, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (?) 3228 31.25 8716 62.8 6779 36.65 9039 69
Cocconeis disculus (B) 161 1.56 - - - - - -

Cymbella turgida (?) 161 1.56 - - - - 161 1.23
Diatoma spp (B) 1291 12,5 807 5.81 161 0.87 322 2.47
Diatoma 
elongatum (B)

161 1.56 - - - - -

Grammatophora 
marina (B)

- - ' - - - 161 1.23

Leptocylindrus 
danicus (?)

- - - - 3873 20.94 - -

Melosira spp (?) 968 9.37 3227 23.25 4519 24.44 - -
Navicula spp (B) 1614 15.6 484 3.48 645 3.5 1936 14.8
Nitzschia sp (B) - 161 1.23
RHicosphenia 
curvata (?)

161 1.56 - - - - - *

Skeletonema 
costatum (?)

1936 18.75 - - 807 4.36

Synedra spp (B) - - 322 2.32 161 0.87 - -
Thalassiosira 
nordenskioldii (?)

Dinoflagellates

322 2.32 161 1.23

Ceratium lineatum (?) 

Silicoflagellates

161 0.87

Dictyocha 
speculum (?)

645 6.25 1291 6.98 1129 8.64
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marina, Nitzschia spp. and Thalassiosira nordenskioldii were present in small 

numbers (Table, 3. 4. 29.). The silicoflagellate Dictyocha speculum was observed in 

relatively large numbers 1.1 x lO^cells.l’l (8.64% of the total population).

On 6 th January, although there an increase in the total number of algal cells the actual 

numbers remained low.

Diatoms remained as the dominant fraction of the population, with Coscinodiscus spp. 

as the dominant species.

At station 11 (surface) the total number of algal cells was 45 x lO^cells.l’l of which 

87.54% were truly planktonic species and the rest were benthic. Diatoms accounted for 

all of the population observed, Coscinodiscus spp. was by far the dominant species, 

being present in numbers of 19.37 x lO^cells.k^ (53%), ranked next in terms of biomass 

was Melosira spp. (26.5%). Also common were Diatoma spp. (17.7%) and 

Skeletonema costatum (12.4%). The diatoms Navicula spp., Nitzschia spp., 

Pleurosigma spp. and Rhabdonema arcuatum were observed in smaller numbers 

(Table. 3. 4. 30.).

At 5 metres depth the total number of algal cells was 29.67 x lO^cells.l'^ of which 

90.24% were truly planktonic species and the rest were benthic.

Diatoms dominated the population (98.92% of the biomass), of which the most 

dominant species were Coscinodiscus spp. (36.98%) and Skeletonema costatum 

(26.1%). Also common were Diatoma spp. (10.87%), Melosira spp. (9.8%) and 

Navicula spp. (7.6%). The diatoms Diatoma elongatum, Fragilaria spp., Navicula 

distans and Nitzschia spp. were observed in small numbers (Table. 3. 4. 30.).

The silicoflagellate Dictyocha speculum represented 1,08% of the total biomass.
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Table. 3. 4. 30. The number of algal cells (I'ri and their percentages, for 6th January, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes longipes (B) - - - - - - 1614 5.05
Asterionella spp (?) 645 1.77 - - 645 2.38 - -

Chaetoceros sp (?) - - - « - - 322 1
Coscinodiscus spp (?) 19369 53.1 10976 36.98 13558 50 10976 34
Cocconeis disculus (B) - - . - - - 968 3
Diatoma spp (B) 6456 17.7 3228 10.87 1291 4.76 3228 10
Diatoma 
elongatum (g)

- - 968 3.26 322 1.2 - -

Diploneis bomboides (B) - - - - - - 322 1
Fragilaria sp (?) - - 322 1.08 - - - -

Gomphonema marina (B) - - - - - - 322 1
Grammatophora marina (B) - - - - - 968 3
Melosira spp (?) 9685 26.54 2905 9.8 - - 7747 25
Navicula spp (B) 1936 5.3 2259 7.61 1291 4.76 3228 10
Navicula distans (B) - - 322 1.08 - - - -

Nitzschia spp (B) 1320 3.6 322 1.08 322 1.2 322 1
Pleurosigma sp (B) 322 0.83 - - - - - -

Rhabdonema 
arcuatum (B)

968 2.65 - * - - -

Skeletonema 
costatum (?)

4519 12.38 7747 26.1 5165 19 - -

Thalassiosira 
nordenskioldii (?)

1291 4.76 1936 6.06

Silicoflagellates
Dictyocha 
speculum (?)

322 1.08 3228 11.9

229



At station 9 (surface), the algal biomass was 27.1 x 10^cells.l \  of which 94% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (88% of the 

total biomass), Coscinodiscus spp. was by far the most dominant species (50%), 

/Ranked next in terms of biomass was Skeletonema costatum (19%). The diatoms 

Asterionella spp., Diatoma spp., Diatoma elongatum, Navicula spp. and Nitzschia spp. 

were observed in small numbers (Table. 3. 4. 30.).

The only non-diatom organism observed was the silicoflagellate Dictyocha speculum 

which represented 11.9% of the total biomass.

At 5 metres depth, the total number of algal cells was 32 x lO^ceUs.l'^of which 77% 

were truly planktonic species and 23% were benthic. The population was made up 

entirely of diatoms of which the most dominant species was Cosciinodiscus spp. 

(34%),Ranking next in terms of biomass were Diatoma spp. and Navicula spp., each 

organism represented 10% of the total biomass. The diatoms Achnanthes longipes, 

Chaetoceros spp., Cocconeis c iiscu lu i, Diploneis bomboides, Gomphonema spp., 

Grammatophora marina, Melosira spp., Nitzschia spp. and Thalassiosira 

nordenskioldii were observed in small numbers (Table. 3. 4. 30.).

On 12th February, green flagellates succeeded diatoms as the dominant fraction of the 

population with the exception of samples collected from station 9 (5 metres depth) 

where no green flagellates were observed. Again, planktonic species were dominant 

except for samples collected from station 9 (5 metres depth) where benthic organisms 

dominated the population. An increase in the total number of algal cells was observed 

at both stations, at both depths.

At station 11 (surface), the algal biomass was 201.6 x lO^cells.l ^  of which 96.4% were 

truly planktonic species and the rest were benthic. Green flagellates were dominant 

(85.37% of the total biomass). Diatoms represented 14.6% of the total population of 

which the dominant species was Coscinodiscus spp. (5.1%). The diatoms Achnanthes
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spp., Diatoma spp., Diploneis crabro, Melosira spp., Navicula spp., Nitzschia spp., 

Skeletonema costatum, Synedra gaillonii, Thalassiosira gravida and T. nordenskioldii 

were present in numbers not exceeding 3.4 x lO^cells.l"^ and each contributed little to 

the total biomass of the population (Table. 3. 4. 31.).

At 5 metres depth, the total number of algal cells was 71 x lO^cells.l'l of which 89.42% 

were truly planktonic species and the rest were benthic. Green flagellates dominated 

the population (63.63%). Diatoms accounted for 34.56% of the total biomass, of which 

the dominant species were Coscinodiscus spp. (9.7%), Leptocylindrus danicus 

(7.27%) and Navicula spp. (4.84%). The diatoms Achnanthes spp., Achnanthes 

brevipes, Diatoma spp., Diploneis crabro, Nitzschia spp., Rhabdonema arcuatum, 

Skeletonema costatum, Synedra gaillonii and Thalassiosira nordenskioldii were 

observed in small numbers (Table. 3. 4. 31.). Also present in small numbers was the 

silicoflagellate Dictyocha speculum (1.8% of the total population).

At station 9 (surface), the total number of algal cells was 104.8 x lO^cells.l'^ of which 

92.2% were truly planktonic species and the rest were benthic. Green flagellates were 

dominant (70.84% of the total biomass). Diatoms represented 29.16% of the total 

biomass of which the dominant species were Coscinodiscus spp. (6.98% of the 

biomass), Leptocylindrus danicus (6.2% of the biomass), Navicula spp. (3.7% of the 

biomass) and Skeletonema costatum (4.9% of the biomass). The diatoms Achnanthes 

spp., Diatoma spp., Fragilaria islandica, Nitzschia spp., Rhabdonema arcuatum, 

Synedra gaillonii and Thalassiosira nordenskioldii were observed in small numbers 

not exceeding 1.7 x 103cells.l"^ (Table. 3. 4. 31.).

At 5 metres depth the algal biomass was 35 x lO^cells.k^ of which 41% were truly 

planktonic species and 58.86% were benthic. The population was made up entirely of 

diatoms, of which the most common species was Navicula spp. (43% of the biomass). 

Also present in large numbers (7.7 x lO^cells.k^) was Fragilaria virescens which
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Table. 3.4. 31. The number of algal cells (1^ and their percentages, for 12th February, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes spp (B) 1721 0.85 2152 3.03 1291 1.23 1291 3.68
Achnanthes brevipes (B) - - 215 0.3 - - 215 0.6
Coscinodiscus spp (?) 10330 5.12 6887 9.7 7317 6.98 3443 9.8
Cocconeis disculus (B) - - - - - - 215 0.6
Diatoma spp (B) 2582 1.28 2582 3.63 430 0.32 - -

Diploneis crabro (?) 215 0,1 215 0.3 - - - -

Fragilaria spp (?) - - - - - - 215 0.6
Fragilaria - - - - 1291 1.23 860 2.45
islandica (?) 
Fragilaria 7747 22
virescens (?) 
Leptocylindrus 5165 7.27 6456 6.16
danicus (?) 
Licmophora sp (B) . . 215 0.6
Melosira spp (?) 301 1.48 - - - - 1936 5.52
Navicula spp (B) 2152 1.06 3443 4.84 3873 3.7 15065 43
Nitzschia spp (B) 1721 0.85 430 0.6 860 0.82 215 0.61
Rhabdonema - - 215 0.3 860 0.82 1721 4.9
arcuatum (B) 
Skeletonema 3443 1.7 1721 2.42 5165 4.92 . .

costatum (?) 
Synedra sp (B) 860 2.45
Synedra gaillonii (B) 1271 0.85 860 1.21 1291 1.23 - -

Synedra ulna (B) - - - - - - 860 2.45
Thalassiosira 1721 0.85 - - - - - -

gravida (?) 
Thalassiosira 860 0.42 430 0.6 1721 1.64
nordenskioldii (?)

Silicoflagellates
Dictyocha 1291 1.81
speculum (?)

Green flagellates (?) 172174 85.37 45195 63.63 74250 70.84 - -
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ranked second in terms of biomass (22% of the biomass). Ranking third in terms of 

biomass was Coscinodiscus spp. (9.8% of the biomass). The diatoms Achnanthes

spp., Achnanthes brevipes, Cocconeis disculus, Fragilaria spp., Fragilaria islandica,
or

Licmorplj^ spp., Melosira spp., Nitzschia spp., Rhabdonema arcuatum, Synedra spp. 

and Synedra ulna were observed in small numbers (Table. 3. 4. 31.).

Spring 1986

A gradual increase in the total number of cells was observed. Maximum surface levels 

were recorded on 2nd April at both stations, while maximum 5 metres levels were 

observed on 23rd April.

ipcczcm e
The diatom fraction/reestablished as the dominant part of the population, Skeletonema

e  ''
costatum succeed  Coscinodiscus spp. as the dominant organism.

On 10th March, at station 11 (surface), the total algal biomass was 74.5 x lO^cells. 

of which 80.4% were truly planktonic species and the rest were benthic. The entire 

population was made up of diatoms of which by far the most dominant species was 

Skeletonema costatum (52.8% of the biomass), next in abundance was Navicula spp. 

(13.85%). The diatoms Coscinodiscus spp., Melosira spp., Thalassiosira gravida 

and Thalassiosira nordenskioldii were also common (Table. 3. 4. 32.). Diatoma 

spp., Licmophora spp., Nitzschia spp and Synedra gaillonii were observed in small 

numbers.

At 5 metres depth, the total number of algal cells was 63.27 x lO^cells.l’  ̂ of which 

85.27% were truly planktonic species and the rest were benthic. Diatoms represented 

99.5% of the total biomass, Skeletonema costatum was by far the dominant species, 

being present in numbers of 42 x lO^cells.l^ (66.32% of the biomass), ranking next in 

abundance before Thalassiosira nordenskioldii (9.2%), was Navicula spp. (10.2%of
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Table. 3.4.  32. The number of algal cells (T*) and their percentages, for 10th March, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes longipes (B) 36479 41.7 1936 2.66
Coscinodiscus spp (P) 4519 6.06 2582 4.1 2582 2.9 4519 6.22
Diatoma spp (B) 322 0.43 968 1.53 1291 1.47 1291 1.77
Fragilaria spp (?) - - 645 1.02 - - 322 0.44
Fragilaria - - 1936 3.06 322 0.36 645 0.88
islandica (?) 
Grammatophora 645 1.02
marina (B) 
Licmophora spp (B) 322 0.43 1936 2.2 .

Melosira spp (?) 4196 5.62 - - 1291 1.47 - -

Navicula spp (B) 1033 13.85 6456 10.2 12267 14.02 9684 13.33
Nitzschia spp (B) 2582 3.46 1936 3.06 1291 1.47 3228 4.4
Pleurosigma - - - - - - 645 0,88
elongatum (B) 
Rhabdonema 1291 1.47 322 0.44
arcuatum (B) 
Skeletonema 39384 52.8 41967 66.32 22597 25.8 41321 56.8
costatum (?) 
Synedra spp (B) 322 0.44
Synedra gaillonii (B) 1936 1.87 - - 322 0.36 - -

Thalassiosira 4519 6.06 - - 1936 2.2 2582 3.55
gravida (?) 
Thalassiosira 6456 8.65 5810 9.2 3228 3.7 5165 7.1
nordenskioldii (?)

Silicoflagellates
Dictyocha 322 0.51 645 0.73 645 0.88
speculum (?)
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of the biomass). Coscinodiscus spp., Diatoma spp., Fragilaria spp., 

Grammatophora marina and Nitzschia spp. were observed in small numbers (Table.

3. 4. 32.).

At station 9 (surface), tha algal biomass was 87.48 x lO^cells.l'l of which 40.25% were
t/ ie

truly planktonic species and 59.75% were benthic. The higher percentage of /penthic 

fraction referred to the presence of large numbers of the diatom Achnanthes longipes. 

Diatoms dominated the population (99.27% of the total biomass), Achnanthes longipes 

(41.7%), succeeded Skeletonema costatum (25.8%) as the dominant species. Also

common w ere Navicula spp. (14%). Coscinodiscus spp., Diatoma spp., Fragilaria
^ o r

islandica, Licmo pHa spp., Melosira spp., Nitzschia spp., Rhabdonema arcuatum, 

Synedra gaillonii, Thalassiosira gravida and T. nordenskioldii were observed in small 

numbers. Also present was the silicoflagellate Dictyocha speculum (0.73% of the 

population).

At 5 metres depth, the total number of algal cells was 72.6 x lO^cells.l'^ of which 

77.88% were truly planktonic species and 22% were benthic. Diatoms were dominant 

(99% of the total biomass), Skeletonema costatum was by far the dominant species 

(56.8%). Also common was Navicula spp. (13.33%). Achnanthes longipes, 

Coscinodiscus spp., Diatoma spp., Fragilaria spp., Fragilaria islandica, Nitzschia spp., 

Pleurosigma spp., Rhabdonema arcuatum, Synedra spp., Thalassiosira gravida and T. 

nordenskioldii were observed in small numbers (Table, 3. 4. 32.).

Also present in small numbers was the silicoflagellate Dictyocha speculum (0.88% of 

the total biomass).

On 19th March, at station 11 (surface), the algal biomass was 97.2 x lO^cells.l"! of 

which 94.4% were truly planktonic species and the rest were benthic. Diatoms 

remained dominant (99.34% of the total biomass), of which by far the most dominant
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species was Skeletonema costatum (63%), ranking next in terms of biomass was T. 

nordenskioldii (16.6%). Also common was Coscinodiscus spp. (12.6% of the total 

population). The diatoms Melosira spp., Navicula spp., Nitzschia spp., Pleurosigma 

elongatum and Synedra spp. were present, but contributed little to the total biomass of 

the population (Table. 3. 4. 33.). Also present in small numbers was the silicoflagellate 

Dictyocha speculum (0.66% of the total quantity).

At 5 metres depth the total number of algal cells was 71.3 x lO^cells.k^ of which 94% 

were truly planktonic species and the rest were benthic. Again diatoms were dominant 

(99% of the total biomass) of which the most dominant species were Skeletonema 

costatum (45.2%) and Coscinodiscus spp. (26.2%). Also common was Thalassiosira 

nordenskioldii (18% of the total biomass). Biddulphia aurita, Diatoma spp., 

Grammatophora marina, Licmophora spp., Navicula spp., Nitzschia spp. and Synedra 

spp. were present in small numbers (Table. 3. 4. 33.). Also present in small numbers 

was the silicoflagellate Dictyocha speculum  (0.9% of the total quantity).

At station 9 (surface), the algal biomass was 84.6 x lO^cells.1‘1 of which 98.86% were 

truly planktonic species and the rest were benthic. Diatoms dominated the population 

(98.86% of the total biomass), of which by far the most dominant species was 

Skeletonema costatum (71.7%). Also common were Coscinodiscus spp. (10.68%) 

and Thalassiosira nordenskioldii (14.5%). The diatoms Fragilaria spp., Navicula 

spp. and Pleurosigma elongatum were present in small numbers (Table. 3. 4. 33.). 

Also present in small numbers was the silicoflagellate Dictyocha speculum (1.14% of 

the total population).

At 5 metres depth, the total number of algal cells was 68.4 x 103cells.l'^ of which 

93.8% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(99% of the total biomass), Skeletonema costatum was by far the most dominant 

species (63%), ranked next in terms of biomass was Coscinodiscus spp. (17%).
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Table. 3. 4. 33. The number of algal cells (I'O and their percentages, for 19th March, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 12267 12.6 18723 26.2 9039 10.68 11621 16.9
Biddulphia aurita (P) - - 1291 2.7 - - - -
Diatoma spp (B) - - 645 0.9 - - 645 0.94
Fragilaria spp (P) - - - - 645 0.76 645 0.94
Grammatophora 
marina (B)

- 161 2.26 " - - -

Licmophora sp (B) - - 645 0.9 - - - -

Melosira spp (?) 1291 1.3 - - - - 2582 3.77
Navicula spp (B) 3228 3.3 322 0.45 645 0.76 3228 4.7
Nitzschia spp (B) 1291 1.3 968 1.35 - - 322 0.47
Pleurosigma 
elongatum (B)

645 0.66 - - 322 0.38 “

Skeletonema 
costatum (?)

61337 63.1 32282 45.2 60691 71.1 43258 63

Synedra spp (?) 322 0.3 645 0.9 - - - -

Synedra gaillonii (B) - - - - - - 968 1
Thalassiosira 
nordenskioldii (?)

16141 16.6 12913 18.1 12267 14.5 4519 6.6

Silicoflagellates
Dictyocha 
speculum (?)

645 0,66 645 0.9 968 1.14 645 0.94
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Diatoma spp., Fragilaria spp., Melosira spp., Navicula spp., Nitzschia spp., Synedra 

gaillonii and Thalassiosira nordenskioldii were present in small numbers (Table. 3. 4.

33.). The silicoflagellate Dictyocha speculum represented 0.94% of the total biomass.

On 26th March, an increase in the total number of algal cells was recorded for samples 

collected from both stations. The population was made up entirely of diatoms with the 

exception of samples collected from station 9 (surface) where small numbers of the 

silicoflagellate were observed. Skeletonema costatum remained as the dominant 

species.

At station 11 (surface) the total number of algal cells was 411 x lO^cells.l'l of which 

99.1% were truly planktonic species and the rest were benthic. Diatoms represented 

100% of the biomass, Skeletonema costatum was by far the dominant species, being 

present in numbers of 387 x 103cells.l"^, which accounted for 94.26% of the total 

population. The diatoms Coscinodiscus spp., Melosira spp., Navicula spp., Nitzschia 

spp. and Thalassiosira nordenskioldii were present in numbers not exceeding 11 x 

lO^cells.l'l and contributed little to the total biomass of the population (Table. 3. 4.

34.).

At 5 metres depth the algal biomass was 256 x lO^cells.T^ of which 97.5% were truly 

planktonic species and the rest were benthic. Again diatoms accounted for 100% of the 

biomass, of which Skeletonema costatum was by far the dominant species (86.76%). 

Coscinodiscus spp., Melosira spp., Navicula spp., Pleurosigma spp., Synedra gaillonii 

and Thalassiosira nordenskioldii were present in small numbers (Table. 3. 4. 34.). As 

expected, the proportions of the principal species were similar at the two levels 

sampled.

At station 9 (surface), the total number of algal cells was 383 x lO^cells.k^ of which 

98.8% were truly planktonic species and the rest were benthic. Diatoms were dominant
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Table. 3.4.  34. The number of algal cells (1'̂ ) and their percentages, for 26th March, are summarised
in the following table.

P ” planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 5165 1.25 9684 3.77 5165 1.34 6456 6.3
Diatoma spp (B) - - - - 645 0.16 968 0.9
Grammatophora 
marina (B)

- - - - - - 322 0.3

Licmophora spp (B) - - - - 322 0.08 322 0.3
Melosira spp (P) 3550 0.86 10007 4 - - 1614 1.58
Navicula spp (B) 2582 0.62 5165 2 3228 0.8 3228 3.16
Nitzschia spp (B) 1291 0.3 - - - - 968 0.9
Pleurosigma 
elongatum (B)

- - 322 0.1 - - -

Skeletonema 
costatum (P)

387392 94.26 222750 86.76 360275 93.9 87486 85.7

Synedra gaillonii (B) - - 968 0.37 968 0.2 - -

Thalassiosira 
nordenskioldii (P)

10976 2.67 10330 4 12267 3.2 645 0.6

Silicoflagellates
Dictyocha 
speculum (P)

645 0.16
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(99.83% of the total biomass), Skeletonema costatum was by far the dominant species 

(93.9%). The diatoms Coscinodiscus spp., Diatoma spp., Licmo pl̂ a spp., Navicula 

spp., Synedra gaillonii and T. nordenskioldii were present in small numbers (Table. 3.

4. 34.). Also present in small numbers was the silicoflagellate Dictyocha speculum 

(0.16% of the total population).

At 5 metres depth, the algal biomass was 102 x 103cells.l'^of which 95.3% were truly 

planktonic species and the rest were benthic. The population was made up entirely of 

diatoms, which was dominated by Skeletonema costatum (85.7%). Also common was 

Coscinodiscus spp. (6.3% of the total quantity). Diatoma spp., Grammatophora 

marina, Licmophora spp., Melosira spp., Navicula spp., Nitzschia spp. and T. 

nordenskioldii were present in small numbers (Table. 3. 4. 34.).

Maximum surface total algal numbers were observed on 2nd April, which was caused 

by a bloom of Skeletonema costatum (Table. 3. 4. 35.). Diatoms made up the entire 

population with the exception of samples collected from station 11(5 metres) where the 

silicoflagellate Dictyocha speculum was observed in very low numbers. S. costatum 

remained as the predominant species which almost accounted for all of the total 

biomass of the population, mainly for samples collected from surface at both stations 

(Table. 3. 4. 35.).

At station 11 (surface), the total number of algal cells was 3649 x lO^cells.k^ of which 

99.96% were truly planktonic species and the rest were benthic. Diatoms were the only 

fraction of the population present, of which by far the dominant species was S. 

costatum, being present in numbers of 3599 x lO^cells.l'^, which accounted for 98.6% 

of the total biomass. The accompanying diatoms were Coscinodiscus spp., Navicula 

spp. and Thalassiosira nordenskioldii. Each of these diatoms was present in very 

small numbers (Table. 3. 4. 35.).
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Table. 3.4. 35. The number of algal cells (1'̂ ) and their percentages, for 2nd April, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % -  percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (?) 18724 0.5 5810 1.8 9684 0.25 10976 3.3
Diatoma spp (B) - 645 0.2 - - 322 0.1
Melosira sp (?) - - - 322 0.008 - -

Navicula spp (B) 1291 0.03 5165 1.6 2582 0.06 387 1.17
Nitzschia spp (B) -  - 1291 0.4 - - 645 0.2
Pleurosigma 
elongatum (B)

- 322 0.1 - -

Skeletonema 
costatum (?)

3599524 98.6 297646 93.9 3826149 98.9 309268 93.8

Thalassiosira 
nordenskioldii (?)

30345 0.8 5810 1.8 30345 0.78 4519 1.37

Silicoflagellates
Dictyocha 
speculum (?)

322 0.1
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At 5 metres depth the algal biomass was 317 x lO^cells.l'^ of which 97.87% were truly 

planktonic species and the rest were benthic. Diatoms were dominant (99.9% of the 

total biomass), S. costatum was by far the dominant species, being present in numbers 

of 297 X lO^cells.l'l, which accounted for 93.9% of the total population. Coscinodiscus 

spp., Diatoma spp., Navicula spp., Nitzschia spp., Pleurosigma spp. and Thalassiosira 

nordenskioldii were present in very small numbers (Table. 3. 4. 35.). Also present in 

small numbers was the silicoflagellate Dictyocha speculum (0.1% of the total 

quantity).

At station 9 (surface), the total number of algal cells was 3826 x lO^cells.l'^ of which 

99.94% were truly planktonic species and the rest were benthic. Diatoms represented 

100% of the biomass, of which by far the dominant species was Skeletonema costatum 

(98.9% of the total biomass). The accompanying diatoms were Coscinodiscus spp., 

Melosira spp., Navicula spp. and T. nordenskioldii. Each of these diatoms was present 

in very small numbers (Table. 3. 4. 35.).

At 5 metres depth the algal biomass was 329 x lO^cells.l'^ of which 98.64% were truly 

planktonic species and the rest were benthic. Diatoms made up the entire population, of 

which S. costatum was by far the dominant species, being present in numbers of 309 x 

lO^cells.l'l, which accounted for 93.8% of the total population. Coscinodiscus spp., 

Diatoma spp., Navicula spp., Nitzschia spp. and T. nordenskioldii were present in 

small numbers (Table. 3. 4. 35.). From Table 35, Diatoma spp. and Nitzschia spp. 

were present only in samples collected from 5 metres depth at both stations.

On 9th April, an increase in the total number of algal cells was observed for samples 

collected from 5 metres depth at both stations. Diatoms made up the entire population. 

Skeletonema costatum remained as the predominant species which almost accounted 

for all of the total biomass of the population at both stations, at both depths (Table. 3. 4.
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36.). A decrease in the total number of algal cells was observed for samples collected 

from surface at both stations.

At station 11 (surface), the algal biomass was 723 x lO^cells.l'^ which was made up 

entirely of diatoms. 99% of the total biomass were truly planktonic species and the rest 

were benthic. S. costatum was by far the dominant species, being present in numbers 

of 701 X lO^cells.l'l, which accounted for 97.3% of the total population. The 

accompanying diatoms Coscinodiscus spp., Licmophora spp., Navicula spp., Nitzschia 

spp. and Thalassiosira nordenskioldii were present in very small numbers (Table. 3. 4. 

36.).

At 5 metres depth the total number of algal cells was 585 x lO^cells.l'l which was made 

up entirely of diatoms. 99.45% of the total biomass were truly planktonic species and 

the rest were benthic. Again, S. costatum  was by far the dominant species, being 

present in numbers of 568 x lO^cells.T^, which accounted for 97% of the total biomass. 

Coscinodiscus spp., Navicula spp. and T. nordenskioldii were present in small 

numbers (Table. 3. 4. 36.).

At station 9 (surface), the algal biomass was 814 x lO^cells.l'l, which was made up 

entirely of diatoms. 99.6% of the total biomass were truly planktonic species and the 

rest were benthic. Again, Skeletonema costatum was by far the dominant species, 

being present in numbers of 779 x lO^cells.T^ which accounted for 95.8% of the total 

quantity. Coscinodiscus spp., Navicula spp. and Thalassiosira nordenskioldii were 

present in small numbers (Table. 3. 4. 36.).

At 5 metres depth, the total number o f algal cells was 916 x lO^cells.l'^ which was 

made up entirely of diatoms. 99% of the total biomass were truly planktonic species 

and the rest were benthic. S. costatum was by far the dominant species, being present 

in numbers of 894 x lO^cells.l'l, which accounted for 97.6% of the total population.
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Table, 3.4.  36. The number of algal cells (?*) and their percentages, for 9th April, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatpms
Coscinodiscus spp (?) 5165 0.7 5165 0.88 12913 1.58 11621 1.26
Diatoma sp (B) - - - - - - 322 0.03
Licmophora sp (B) 645 0.09 - - - - - -

Navicula spp (B) 4519 0.6 3228 0.55 3228 0.4 1291 0.14
Nitzschia sp (B) 1936 0.26 - - - - - -

Pleurosigma 
elongatum (B)

- - - - - - 322 0.03

Skeletonema 
costatum (?)

701826 97.3 568176 97 779950 95.8 894877 97.6

Thalassiosira 
nordenskioldii (?)

7102 0.98 8393 1.43 18078 2.2 7747 0.8
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Coscinodiscus spp., Diatoma spp., Navicula spp., Pleurosigma spp. 

nordenskioldii were present in small numbers (Table. 3. 4. 36.).

and T.

Maximum 5 metres total algal numbers were observed on 23rd April and were caused 

by a bloom of S. costatum (Table. 3. 4. 37.). Diatoms made up the entire population 

with the exception of samples collected from station 9 (surface) where the 

silicoflagellate Dictyocha speculum was observed in very small numbers (0.6 x 

lO^cells.l'l). S. costatum remained as the predominant species which almost accounted 

for all of the total biomass of the population, mainly for samples collected from station 

11 (5 metres) and from station 9 at both depths. At station 11 (surface), tha algal 

biomass was 176.7 x lO^cells.l'^ of which 98.54% were truly planktonic species and the 

rest were benthic. Diatoms made up the entire population, of which S. costatum was 

by far the dominant species, being present in numbers of 125 x lO^cells.1‘1, which 

accounted for 71% of the total population. Also common were Thalassiosira 

nordenskioldii (15.7%) and Coscinodiscus spp. (9%). Biddulphia aurita, Melosira 

spp. and Navicula spp. were present in small numbers (Table. 3. 4. 37.).

At 5 metres depth the total number of algal cells was 1344 x lO^cells.l'^ of which 

99.78% were truly planktonic species and the rest were benthic. Again diatoms made 

up the entire population^ S. costatum was by far the dominant species, being present in 

numbers of 1315.8 x lO^cells.l'l which represented 97.8% of the total biomass. 

Coscinodiscus spp., Grammatophora marina, Navicula spp. and T. nordenskioldii 

were present in numbers not exceeding 18.7 x lO^cells.l'^ and contributed little to the 

total biomass (Table. 3. 4. 37.).

At station 9 (surface), the algal biomass was 1449 x lO^cells.l"^ of which 97.9% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (99.96% of 

the total biomass), S. costatum was by far the dominant species (98%). Coscinodiscus 

spp., Navicula spp. and T. nordenskioldii were present in very small numbers (Table.

245



Table. 3.4, 37. The number of algal cells (1‘ )̂ and their percentages, for 23rd April, are summarised
in the following table.

P = planktonic. B -  benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Biddulphia aurita (?) 645 0.36 - - - - - -

Coscinodiscus spp (?) 16141 9 7425 0.55 4519 0.3 14204 1
Grammatophora 
marina (B)

- - 968 0.07 - - - -

Melosira sp (?) 3873 2.2 - - - - -
Navicula spp (B) 2582 1.46 1936 0.14 1936 0.1 1291 0.1
Skeletonema 
costatum (?)

125773 71 1315844 97.8 1417857 98 1366851 98.1

Thalassiosira 
nordenskioldii (?)

27763 15.7 18724 1.4 21952 1.5 10330 0.74

Silicoflagellates
Dictyocha 
speculum (?)

645 0.04
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3. 4. 37.). Also present in very small numbers was the silicoflagellate Dictyocha 

speculum (0.6 x lO^cells.l'l).

At 5 metres depth, the total number o f algal cells was 1392 x lO^cells.l'^ of which 

99.9% were truly planktonic species and the rest were benthic. Diatoms made up the 

entire population, Skeletonema costatum  was by far the dominant species, being 

present in numbers of 1366 x lO^cells.l'^,which represented 98.1% of the total quantity. 

Coscinodiscus spp., Navicula spp. and Thalassiosira nordenskioldii were present in 

very small numbers (Table. 3. 4. 37.).

Summer 1986

On 7th May,a decrease in the total number of algal cells was observed at both stations 

with the exception of samples collected from station 11 (surface) where a slight increase 

in the total number of algal cells was recorded. Green flagellates succeeded diatoms as 

the dominant fraction of the population. S. costatum remained as the dominant species 

of diatom.

At station 11 (surface), the total algal biomass was 460 x lO^cells.l'l of which 97.9% 

were truly planktonic species and the rest were benthic. Green flagellates were 

dominant (83.2% of the total population). Diatoms accounted for 16.8% of the total 

biomass, of which Skeletonema costatum was by far the dominant species (12.6%). 

Coscinodiscus spp., Diatoma spp., Licmophora spp., Navicula spp., Nitzschia spp., 

Pleurosigma elongatum and Thalassiosira nordenskioldii were present in small 

numbers (Table. 3. 4. 38.).

At 5 metres depth, the algal biomass was 149 x lO^cells.l"^ of which 97.85% were truly 

planktonic species and the rest were benthic. Green flagellates were dominant (61.16% 

of the total biomass). Diatoms accounted for 38.84% of the total biomass, of which S.
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Table. 3. 4. 38. The number of algal cells (b )̂ and their percentages, for 7th May, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (?) 3228 0.7 4519 3 3228 0.6 1291 0.5
Diatoma spp (B) 1291 0.28 1291 0.86 - - 645 0.25
Diatoma elongatum (?) - - - - - - 27763 10.8
Grammatophora 
marina (B)

- - 645 0.4 -

Licmophora sp (B) 322 0.07 - - - - - -
Melosira sp (?) - - - - - - 6133 2.4
Navicula spp (B) 5810 1.26 2582 1.72 1936 0.4 5810 2.27
Nitzschia sp (B) 322 0.07 - - - - - -
Pleurosigma 
elongatum (B)

322 0.07 - - - “ -

Skeletonema 
costatum (?)

58108 12.6 47778 31.87 63919 12.7 14850 5.8

Synedra gaillonii (B) - - - - - - 322 0.1
Thalassiosira 
nordenskioldii (?)

3228 0.7 1397 0.9 3228 0.64 645 0.25

Dinoflagellates
Ceratium lineatum (?) - - - - - - 322 0.1

Other flagellates
Green flagellates (?) 382873 83.17 91682 61.16 431297 85.6 198215 77.4
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costatum was by far the dominant species, being present in numbers of 47 x lO^cells. 

I 'l, which accounted for 31.87% of the total population. Coscinodiscus spp., Diatoma 

spp., Grammatophora marina, Navicula spp. and T. nordenskioldii were present in 

small numbers (Table. 3. 4. 38.).

At station 9 (surface) the total number of algal cells was 503 x lO^cells.l'l of which 

99.6% were truly planktonic species and the rest were benthic. Green flagellates were 

dominant (85.6% of the total biomass). Diatoms represented 14.36% of the total 

biomass, of which S. costatum was by far the dominant species (12.7%). 

Coscinodiscus spp., Navicula spp. and T. nordenskioldii were observed in much 

smaller numbers (Table. 3. 4. 38.).

At 5 metres depth the total number of algal cells was 256 x lO^cells.l'l of which 97.6% 

were truly planktonic species and the rest were benthic. Green flagellates were 

dominant (77.4% of the total population). Diatoms accounted for 22.45% of the total 

biomass, of which Diatoma elongatum (10.8%) succeeded Skeletonema costatum 

(5.8%) as the dominant species. Coscinodiscus spp., Diatoma spp., Melosira spp., 

Navicula spp., Synedra gaillonii and Thalassiosira nordenskioldii were present in 

small numbers (Table. 3. 4. 38.). Also present in small numbers was the dinoflagellate 

Ceratium lineatum (0.1% of the total quantity).

On 4th June an increase in the total number of algal cells was observed at both stations 

with the exception of samples collected from station 9 at 5 metres depth where a sharp 

decrease in the total number of algal cells was recorded. Diatoms made up the entire 

population, with S. costatum as the dominant species.

At station 11 (surface), the algal biomass was 525 x lO^cells.k^ of which 99.7% were 

truly planktonic species and the rest were benthic. S. costatum was by far the dominant 

species, being present in numbers of 259 x lO^cells.l"^ which accounted for 49.47% of
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Table. 3.4.  39. The number of algal cells (1‘ )̂ and iheir percentages, for 4th June, are summarised
in the following table.

P = planktonic. B = benthic. n -  number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus 
spp (?)

174972 33.3 84903 18.3 113312 20.7 5488 11.4

Diatoma spp (B) 1614 0.3 322 0.07 - - 645 1.3

Melosira spp (?) 1291 0.24 1291 0.27 _

Navicula spp (B) 1614 0.3 1937 0.4 645 0.1 322 0.67
Skeletonema 
costatum (?)

259876 49.47 310882 66.96 372219 68.2 35511 73.8

Thalassiosira 
nordenskioldii (?)

85872 16.3 64565 13.9 59400 10.88 6133 12.7
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the total biomass, ranking next in terms of biomass was Coscinodiscus spp. (18.3%). 

Also common was Thalassiosira nordenskioldii (14%). Diatoma spp., Licmophora 

spp., Melosira spp. and Navicula spp. were present in small numbers (Table. 3. 4.

39.).

At 5 metres depth the total number of algal cells was 464 x lO^cells.l'l, of which 

99.52% were truly planktonic species and the rest were benthic. The population was 

dominated by Skeletonema costatum (66.96%) and Coscinodiscus spp. (18.3%). 

Diatoma spp., Melosira spp. and Navicula spp. were present in small numbers (Table.

3. 4. 39.).

At station 9 (surface), the total number of diatom cells was 545 x 103cells.T^, of which 

99.89% were truly planktonic species and the rest were benthic. S. costatum was by far 

the most dominant species, being present in numbers of 372 x lO^cells.l'l which 

accounted for 68.2% of the total population. Ranking second in terms of biomass was 

Coscinodiscus spp. (20.7%). Also common was T. nordenskioldii (10.88% of the 

total population). Navicula spp. was the accompanying diatom.

At 5 metres depth the total number of diatom cells was 48 x lO^cells.l'^ of which 99.3% 

were truly planktonic species and the rest were benthic, Skeletonema costatum was by 

far the dominant species being present in numbers fo 35 x lO^cells.l'^, which accounted 

for 73.8% of the total biomass. Ranking third in terms of biomass after Thalassiosira 

nordenskioldii (12.7%) was Coscinodiscus spp. (11.4%). Diatoma spp. and 

Navicula spp. were present in small numbers (Table, 3. 4. 39.).

On 18th June, a decrease in the total number of algal cells was observed at both 

stations, with the exception of samples collected from station 9 at 5 metres depth where 

a slight increase in the total number of algal cells was recorded. Green flagellates 

reappeared and were the most numerous fraction of the population for samples
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collected from surface at both stations. For samples collected from 5 metres depth at
ere

station 11, there w/ more or less equal levels of contribution to the total biomass of the
/I

population by green flagellates and diatoms were observed, while for samples collected 

from station 9 at 5 metres depth, diatoms were the most dominant fraction of the 

population.

At station 11 (surface), the algal biomass was 150 x lO^cells.l’l of which 98.5% were 

truly planktonic species and the rest were benthic. Green flagellates were the most 

dominant fraction of the population (57.6% of the total biomass), while diatoms 

accounted for 42.4% of the total biomass, of which S. costatum was by far the 

dominant species being present in numbers of 55 x lO^cells.l'l, which represented 37% 

of the total population. Coscinodiscus spp., Diatoma spp., Navicula spp., Navicula 

distans and Thalassiosira nordenskioldii were present in small numbers (Table. 3. 4.

40.).

At 5 metres depth, the algal biomass was 73 x lO^cells.k^ of which 96.94% were truly 

planktonic species and the rest were benthic. The total biomass of the population 

divided equally between green flagellates and diatoms. S. costatum was by far the 

dominant species of the diatoms (45.6%). Navicula spp., Navicula distans and 

Thalassiosira nordenskioldii were observed in small numbers.

At station 9 (surface), the total number of algal cells was 198 x lO^cells.T^, made up 

entirely of truly planktonic species. Green flagellates were the most dominant fraction 

of the population (68 .8% of the total biomass). Diatoms accounted for 31.2% of the 

total biomass, of which S. costatum  was the dominant species (28.9%). Melosira spp. 

and T. nordenskioldii were the accompanying diatoms and were present in very small 

numbers (Table. 3. 4. 40.).
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Table. 3.4.40.  The number of algal cells (1'̂ ) and their percentages, for 18th June, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 645 0.43 - - - - - -

Diatoma sp (B) 1937 1.3 - - - - - -

Melosira sp (?) - - - - 2582 1.3 - -
Navicula spp (B) 1937 1.3 1937 2.6 - - 1291 0.8
Navicula distans (B) 322 0.2 322 0.43 - - - -

Skeletonema 
costatum (?)

55526 37 33574 45.6 57463 28.9 96848 60.2

Thalassiosira 
nordenskioldii (?)

3228 2.15 322 0.43 1937 0.97 7102 4.4

Other flagellates
Green flagellates (?) 86517 57.6 37447 50.87 136878 68.8 55526 34.5
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At 5 metres depth, the total number of algal cells was 160 x lO^cells.l'^, of which 

99.2% were truly planktonic species and the rest were benthic. Diatoms remained as 

the dominant fraction of the population (65.47% of the total biomass). S. costatum was 

by far the dominant species being present in numbers of 96.8 x lO^cells.k^ which 

accounted for 60,2% of the total population. Navicula spp. and Thalassiosira 

nordenskioldii were present in small numbers (Table. 3. 4. 40.). Green flagellates 

represented 34.5% of the total quantity.

On 2nd July, an increase in the total number of algal cells was recorded mainly for 

samples collected from 5 metres depth at both stations,which were comparable to those 

observed during the spring. The population was made up entirely of truly planktonic 

diatoms, of which S. costatum was the dominant species.

At station 11 (surface), the total number of diatom cells was 335 x lO^cells.l'h S. 

costatum was by far the dominant species being present in numbers of 284.7 x 

lO^cells.l'^ which accounted for 85% of the total biomass. Also common was T. 

nordenskioldii (14.85%). Diatoma elongatum  was present in small numbers (Table. 3.

4. 41,).

At 5 metres depth, the algal biomass was 692 x lO^cells.kh Skeletonema costatum was 

by far the dominant species being present in numbers of 577 x lO^cells.l'^, which 

accounted for 83,4% of the total population. Also common was Thalassiosira 

nordenskioldii (16.5%). The diatom Cocconeis disculus was present in very small 

numbers (Table. 3, 4. 41.).

At station 9 (surface), the total number of diatom cells was 226 x lO^cells.1‘1, of which

5. costatum was by far the dominant species, being present in numbers of 205 x 

lO^cells.l"^, which accounted for 90,85% of the total quantity, T. nordenskioldii was 

the only accompanying diatom present.
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Table. 3.4.41.  The number of algal cells (1'̂ ) and their percentages, for 2nd July, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus sp (?) - - - - - 645 0.07
Cocconeis disculus (B) - 322 0.046 - - - -

Diatoma sp (B) - -  - - - - - -
Diatoma elongatum (R) 322 0.1 - - - - -
Navicula sp (B) - - - - - 645 0.07
Skeltonema 
costatum (?)

284733 85 577215 83.4 205318 90.85 695370 76.2

Thalassiosira 
nordenskioldii (?)

49715 14.85 114280 16.5 20660 9.14 215002 23.5
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At 5 metres depth, the total number of diatom cells was 912 x lO^cells.l'F S. costatum 

was by far the dominant species (76.2%). Also common was T. nordenskioldii 

(23.5%). Coscinodiscus spp, and Navicula spp. were present in very small numbers 

(Table. 3. 4. 4L).

On 16th July, a sharp decrease in the total number of algal cells was recorded. The 

population was made up entirely of diatoms with the exception of samples collected 

from station 11 (surface) where a very small number of dinoflagellates was observed. 

Relatively high numbers of benthic diatoms were observed for samples collected from 

station 11 at 5 metres depth (Table. 3. 4. 42.). Leptocylindrus danicus succeeded 

Skeletonema costatum as the dominant species, with the exception of samples collected 

from station 9 at 5 metres depth where S. costatum  remained as the dominant species.

At station 11 (surface), the total number of algal cells was 68.7 x lO^cells.l"! of which 

98.6% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(99.53% of the total biomass), of which the most dominant species was Leptocylindrus 

danicus (56.3%), ranking next in terms of biomass was S. costatum (35.6%). The 

diatoms Chaetoceros spp., Coscinodiscus spp., Gomphonema spp., Grammatophora 

marina, Navicula spp. and T. nordenskioldii were present in numbers not exceeding 

2.8 X lO^cells.l'l and contributed little to the total biomass of the population (Table. 3.

4. 42.). The dinoflagellate Protoperidinium spp. was present in small numbers (Table.

3. 4. 42.).

At 5 metres depth, the total number of diatom cells was 27 x lO^cells.L^ of which 88% 

were truly planktonic species and the rest were benthic. Leptocylindrus danicus was 

the most dominant species (42.85%), ranking second in terms of biomass was Melosira 

spp. (19%), Also common was S. costatum (14.28% of the total biomass). 

Coscinodiscus spp., Cocconeis disculus, Navicula spp., Nitzschia spp., Synedra spp. 

and T. nordenskioldii were present in small numbers (Table. 3. 4. 42.).
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Table. 3.4.42.  The number of algal cells (1'̂ ) and their percentages, for 16th July, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros spp (?) 1937 2.8 - - 4519 5.8 - -
Coscinodiscus spp (?) 645 0.94 1291 4.76 - - - -
Cocconeis disculus (B) - - 645 2.38 - - - -

Diatoma elongatum (B) - - - - - - 322 0.5
Gomphonema sp (?) 322 0.47 - - - - - -
Grammatophora 
marina (B)

322 0.47 - - - **

Leptocylindrus 
danicus (?)

38739 56.3 11621 42.85 53589 69.16 8393 13.26

Melosira sp (?) - . 5164 19 - - - -
Navicula spp (B) 645 0.94 1291 4.76 645 0.8 322 0.5
Nitzschia sp (B) - - 645 2.38 - - - -

Skeletonema 
costatum (?)

24534 35.6 3874 14.28 18724 24.16 52298 82.6

Synedra sp (B) - - 1291 4.76 - - - -
Thalassiosira 
nordenskioldii (?)

1291 1.8 1291 4.76
■

1937 3

Dinoflagellates
Protoperidinium sp. (?) 322 0.47
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At station 9 (surface), the total number of diatom cells was 77 x lO^cells.l'^ of which 

99.2% were truly planktonic species and the rest were benthic, Leptocylindrus danicus 

was by far the dominant species (69.16% of the total biomass), ranking next in terms of 

biomass was Skeletonema costatum (24.16%). Chaetoceros spp. and Navicula spp. 

were present in small numbers (Table. 3. 4. 42.).

At 5 metres depth, the total number of diatom cells was 63 x lO^cells.l'l, of which S. 

costatum was by far the dominant species, being present in numbers of 52 x lO^cells. 

I 'l, which accounted for 82.6% of the total biomass. Also common was Leptocylindrus 

danicus (13.26%). Diatoma elongatum, Navicula spp. and Thalassiosira 

nordenskioldii were present in small numbers (Table. 3. 4. 42.).

An increase in the total number of algal cells was observed at both stations on 30th 

July. The population was made up entirely of diatoms. S. costatum reestablished as 

the dominant species at both stations. At station 11 (surface), the total number of 

diatom cells was 413 x lO^cells.l'^ of which 99.53% were truly planktonic species and 

the rest were benthic. S. costatum was by far the dominant species, being present in 

numbers of 331 x lO^cells.l'^ which accounted for 80.1% of the total population. Also 

common was T. nordenskioldii (19.18%). Diatoma spp., Navicula spp. and Nitzschia 

bilobata were present in small numbers (Table. 3. 4. 43.).

At 5 metres depth, the total number of diatom cells was 613.4 x lO^cells.l'^ of which 

99.9% were truly planktonic species. S. costatum was by far the dominant species 

being present in numbers of 496.5 x lO^cells.l'l, which accounted for 80.9% of the total 

biomass. Also common was Thalassiosira nordenskioldii (18.9%). The only other 

organism observed was the benthic diatom Navicula spp.

At station 9 (surface), the total number of diatom cells was 419 x lO^cells.l 1 of which 

99.54% were truly planktonic species and the rest were benthic which was represented
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Table. 3.4.43.  The number of algal cells (1'̂ ) and their percentages, for 30th July, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros sp (?) 322 0.07
Coscinodiscus sp (?) - - - - - - 645 0.1
Diatoma sp (B) 645 0.15 - - - - - -

Fragilaria sp (?) - - - - 645 0.15 - -

Grammatophora - - - - - - 645 0.1
marina (B) 
Navicula spp (B) 645 0.15 645 0.1 19369 0.46 645 0.1
Nitzschia bilobata (B) 1291 0.3 - - - - - -

Pleurosigma sp (B) - - - - - - 645 0.1
Skeletonema 331220 80.1 496508 80.9 326701 77.78 386101 74.5
costatum (?) 
Thalassiosira 322 0.06
decipiens (?) 
Thalassiosira 79415 19.18 116217 18.9 90391 21.5 129130 25
nordenskioldii (?)
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by the diatom Navicula spp. S. costatum was by far the dominant species, being 

present in numbers of 32.67 x lO^cells.l ^  which accounted for 77.78% of the total 

quantity. Also common was Thalassiosira nordenskioldii (21.5% of the total 

biomass). Chaetoceros spp. and Fragilaria were present in small numbers (Table. 3.

4. 43.).

At 5 metres depth, the total number of diatom cells was 51.8 x lO^cells.l'l, of which 

99.64% were truly planktonic species and the rest were benthic. S. costatum was by far 

the dominant species, being present in numbers of 386 x lO^cells.k^, which accounted 

for 74.5% of the to ta l, ranking next in terms of biomass was T. nordenskioldii (25%). 

Coscinodiscus spp., Grammatophora marina, Navicula spp. and Pleurosigma spp. 

were present in very small numbers (Table. 3. 4. 43.).

Autumn 1986

The total number of algal cells remained more or less similar to that observed during 

the summer. The highest total number of algal cells for this period was observed on 

10th September, for samples collected from surface at station 11. An increase in the 

number of diatom species was observed. Diatoms remained as the dominant fraction of 

the population. Dinoflagellates, silicoflagellates and green flagellates were also present.

On 10th September, at station 11 (surface) out of a total standing crop of 1121 x 

lO^cells.l'l, 99.37% were diatoms, 0.28% were represented by the silicoflagellate 

Dictyocha speculum and the rest were green flagellates. 98.7% of the total biomass 

were truly planktonic species and the rest were benthic species. The diatom fraction 

was composed predominantly of Diatoma spp., being present in numbers of 960 x 

lO^cells.l-l, which accounted for 85.6% of the total biomass. The diatoms Asterionella 

spp., Chaetoceros spp., Chaetoceros atlanticum, Coscinodiscus spp., Leptocylindricus 

danicus, Licmophora spp., Melosira spp., Navicula spp., Nitzschia seriata, Pinnularia
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spp., P leurosigm a spp., Skeletonem a costatum, Thalassiosira decipiens  and T.

nordenskioldii were present in small numbers not exceeding 47.7 x lO^cells.l"!

(Table. 3. 4. 44.).

At 5 metres depth, out of a total standing crop of 515 x lO^cells.l'^, about 99% were 

diatoms, 0.25% were represented by the silicoflagellate Dictyocha speculum and the 

rest were green flagellates. 98% of the total biomass were truly planktonic species and 

the rest were benthic.

The diatom fraction was composed predominantly of Diatoma spp., being present in 

numbers of 353 x lO^cells.l'^, which accounted for 68.58% of the total population, 

ranking next in terms of biomass was Skeletonema costatum (14.67%). The diatoms 

Chaetoceros spp., Chaetoceros atlanticum, Chaetoceros externum, Coscinodiscus spp., 

Grammatophora marina, Leptocylindrus danicus, Melosira spp., Navicula spp., 

Nitzschia seriata, Thalassiosira decipiens and T. nordenskioldii were present in small 

numbers not exceeding 25.8 x lO^cells.l'^ (Table. 3. 4. 44.).

At station 9 (surface), out of a total standing crop of 491 x lO^cells.l'l, about 99.35% 

were diatoms, O.Z % were represented by the silicoflagellate Dictyocha speculum and 

the rest were greeen flagellates. 98.7% of the total biomass were truly planktonic 

species and the rest were benthic. The most dominant species of the diatom fraction 

was Diatoma spp., being present in numbers of 252.4 x lO^cells.l'^ which accounted 

for 51.4% of the total quantity, ranking next in terms of biomass was S. costatum 

(26.3% of the total biomass). The diatoms Asterionella spp., Chaetoceros spp., 

Chaetoceros atlanticum, Chaetoceros externum, Coscinodiscus spp., Fragilaria spp., 

Leptocylindrus danicus, Navicula spp., Nitzschia bilobata, Nitzschia seriata, 

Thalassiosira decipiens and T. nordenskioldii were present in small numbers not 

exceeding 22 x lO^cells.l"! (Table. 3. 4. 44.).
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Table. 3.4.44.  The number of algal cells (b )̂ and their percentages, for 10th September, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Asterionella spp (?) 5810 0.5 - - 12267 2.5 - -

Chaetoceros spp (?) 15495 1.38 12267 2.38 16141 3.27 12267 2.5
Chaetoceros 
atlanticum (?)

10976 0.97 1291 0.25 9684 1.97 11621 2.38

Chaetoceros 
externum (?)

- - 7747 1.5 10330 2.1 16787 3.44

Coscinodiscus spp (?) 7102 0.63 7102 1.38 21952 4.46 20660 4.2
Diatoma spp (B) 960160 85.6 353173 68.58 252450 51.4 323472 66.3
Fragilaria spp (?) - - - - 322 0.06 - -

Grammatophora 
marina (B)

322 0.06 322 0.06

Leptocylindrus 
danicus (?)

4842 0.43 5165 1 6779 1.38 1614 0.33

Licmophora sp (B) 322 0.03 - - - - - -

Melosira spp (?) 8393 0.74 6456 1.24 - - - -

Navicula spp (B) 1291 0.1 1291 0.25 645 0.13 - -

Nitzschia bilobata (B) - - - - 645 0.13 322 0.06
Nitzschia seriata (?) 12267 1.1 7747 1.5 5165 1 16141 3.3
Pinnularia sp (B) 322 0.03 - - - - - -

Pleurosigma sp (B) 322 0.03 - - - - - -

Skeletonema 
costatum (?)

37447 3.34 75541 14.67 12913 26.3 62628 12.84

Thalassiosira 
decipiens (?)

1936 0.17 5810 1.1 9039 1.84 4519 0.9

Thalassiosira 
nordenskioldii (?)

47778 4.26 25826 5 13558 2.75 13558 2.77

Dinoflagellates
Protoperidinium sp (?) - - - - - - 322 0.06

Silicoflagellates
Dictyocha 
speculum (?)

3228 0.28 1291 0.25 968 0.2 1936 0.4

Other flagellates
Green
flagellates (?)

3873 0.34 3873 0.75 2259 0.46 1614 0.33
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At 5 metres depth, out of a total standing crop of 487.8 x lO^cells.l'i, 99.2% were 

diatoms, 0.06% were represented by the dinoflagellate Peridinium spp., 0.4% were 

represented by the silicoflagellate Dictyocha speculum and the rest were green 

flagellates. 96.57% of the total biomass were truly planktonic species and the rest were 

benthic. The diatom fraction was composed predominantly of Diatoma spp., being 

present in numbers of 323.4 x lO^cells.l'l, which accounted for 66.3% of the total 

population. Also common was Skeletonema costatum (12.84%).

The diatoms Chaetoceros spp., Chaetoceros atlanticum, Chaetoceros externum, 

Coscinodiscus spp., Grammatophora marina, Leptocylindrus danicus, N. bilobata, N. 

seriata, T. decipiens and T. nordenskioldii were present in small numbers (Table. 3. 4. 

44.).

On 23rd September, a sharp decrease in the total number of algal cells was observed. 

Diatoms remained as the dominant fraction of the population. S. costatum 

reestablished as the most dominant species.

At station 11 (surface), the algal biomass was 132 x lO^cells.l'l, of which 85% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (94.39% of 

the total biomass), of which Skeletonema costatum was the most common species 

(41%). Also common were Nitzschia seriata, Chaetoceros atlanticum , each accounted 

for 14% of the total population and Thalassiosira nordenskioldii (12.22% of the total 

quantity). The diatoms Coscinodiscus spp., Diatoma spp., Grammatophora marina, 

Navicula distans, Nitzschia bilobata, Rhizosolenia spp., Rhizosolenia stolferfothii, T. 

decipiens and Chaetoceros externum were present in numbers not exceeding 7.7 x 

103cells.l-l (Table. 3. 4. 45.).

The dinoflagellate fraction was represented by Ceratium lineatum (0.97%) and 

^ k Peridinium spp. (0.97%). The silicoflagellate Dictyocha speculum represented 0.97%
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of the total biomass. Green flagellates were also present, accounted for 4,4% of

the total biomass.

At 5 metres depth, the total number of algal cells was 58 x lO^cells.l'^. The population 

was made up entirely of truly planktonic species. Diatoms were dominant (96.67% of 

the total biomass), of which the most dominant species was S. costatum, being present 

in numbers of 32.2 x lO^cells.1'1, which accounted for 55.5% of the total population, 

ranking second in terms of biomass was Leptocylindrus danicus (11%). Also common 

were Chaetoceros atlanticum, Chaetoceros externum, each accounted for 8 .88% of the 

total biomass and Rhizosolenia stolferfothii (6 .66%). The diatoms Coscinodiscus spp. 

and Thalassiosira nordenskioldii were present in small numbers (Table. 3. 4. 45.). 

Also present was the silicoflagellate Dictyocha speculum (2,2%) and green flagellates 

(1%).

At station 9 (surface), the total number of algal cells was 112 x lO^cells.l'l, of which 

89% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(90.75% of the total biomass), of which Skeletonema costatum was the most dominant 

species (41.6%), ranking second in terms of biomass was Chaetoceros atlanticum 

(19.6%). Also common was Nitzschia seriata (8.67%). The diatoms Coscinodiscus 

spp., Grammatophora marina, Leptocylindrus danicus, Melosira spp., Nitzschia spp., 

Pleurosigma spp., Rhabdonema arcuatum, Rhizosolenia stolferfothii, T. decipiens and 

Chaetoceros externum were present in numbers not exceeding 6.4 x lO^cells.l'l 

(Table. 3. 4. 45.). Also present was the silicoflagellate Dictyocha speculum and green 

flagellates (8 .1%).

At 5 metres depth, the algal biomass was 96 x lO^cells.l'l, of which 95.95% were truly 

planktonic species and the rest were benthic. Diatoms accounted for 99.67% of the 

total biomass, which was dominated by Chaetoceros atlanticum (27%), Skeletonema 

costatum (20.27%). Also common were Leptocylindrus danicus (9.46%),
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Table. 3.4.45.  The number of algal ceils and their percentages, for 23rd September, are summarised
in the following table,

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros 
atlanticum (P)

18723 14 5165 8.88 21952 19.6 25826 27

Chaetoceros 
externum (P)

3228 2.4 5165 8.88 1936 1.7 9684 10

Coscinodiscus spp (P) 4519 3.4 2582 4 6456 5.78 4519 4.7
Diatoma sp (B) 1291 0.97 - - - - - -
Grammatophora 
marina (B)

322 0.2 - - 322 0.28 - -

Leptocylindrus 
danicus (P)

- - 6456 11 1297 1.16 9039 9.46

Melosira sp (B) - - - - 5165 4.6 - -
Navicula distans (B) 322 0.2 - - - - - -
Nitzschia sp (B) - - - - 645 0.57 - -
Nitzschia bilobata (B) 322 0.2 - - - - - -
Nitzschia seriata (P) 18723 14 . - 9684 8.67 3873 4
Pleurosigma sp (B) - - - - 1291 1.16 - -
Rhabdonema 
arcuatum (B)

- - - ’ 322 0.28

Rhizosolenia spp (P) 322 0.2 - - - - 322 0.33
Rhizosolenia 
stolferfothii (P)

7747 5.8 3873 6.66 4519 4 11621 12.2

Skeletonema 
costatum (P)

54234 41 32282 55.5 46487 41.6 19369 20.27

Thalassiosira 
decipiens (P)

322 0.24 - - 1291 1.16 2582 2.7

Thalassiosira 
nordenskioldii (P)

16141 12.22 645 1
■

8393 8.78

Dinoflagellates
Ceratium lineatum (P) 322 0.24 - - - - - -
Frotoperidinium sp (P) 1291 0.97 - - - - - -

Silicoflagellates
Dictyocha 
speculum (P)

1291 0.97 . 1291 2.2 1291 1.16 322 0.3

Other flagellates
Green
flagellates (P)

5810 4.4 645 1 9039 8.1
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Rhizosolenia stolferfothii (12.2%), Thalassiosira nordenskioldii (8.78%) and 

Chaetoceros externum (10%). The diatoms Coscinodiscus spp., Nitzschia seriata, 

Rhizosolenia spp. and T. decipiens were present in numbers not exceeding 4.5 x 

lO^ceils.l'i (Table. 3. 4. 45.). Also present was the silicoflagellate Dictyocha speculum 

(0.3% of the total population).

On 6 th October, a further decrease in the total number of algal cells was observed. 

Although there was an increase in the percentage contribution by silicoflagellates and 

green flagellates to the total population, diatoms remained as the dominant fraction. S. 

costatum remained as the dominant species.

At station 11 (surface), the total number of algal cells was 77 x lO^cells.l'l, of which 

82.43% were diatoms, 0.84% were dinoflagellates, 4.2% were represented by the 

silicoflagellate Dictyocha speculum and 12.55% were green flagellates. 94.57% of the 

total biomass were truly planktonic species and the rest were benthic. Skeletonema 

costatum was the most dominant species of the diatom fraction, being present in 

numbers of 33 x lO^cells.T^, which accounted for 42.6% of the total biomass. Also 

common were Chaetoceros spp. (8.36%), Coscinodiscus spp. (9.2%) and 

Leptocylindrus danicus (10.87%). Cocconeis disculus, Diatoma spp., Grammatophora 

marina, Navicula spp., Nitzschia seriata, Thalassiosira decipiens and T. nordenskioldii 

were present in numbers not exceeding 2.58 x lO^cells.l'l (Table. 3. 4. 46.). The 

dinoflagellate fraction was represented by Ceratium tripos and Frotoperidinium spp., 

each represented 0.42% of the total.

At 5 metres depth, the algal biomass was 40 x lO^ceHs.l ,̂ of which 83% were diatoms, 

0.8% were dinoflagellates, 9.67% were represented by the silicoflagellate Dictyocha 

speculum and 6.4% were green flagellates. 96.78% of the total biomass were truly 

planktonic species and the rest were benthic. S. costatum was by far the dominant 

species of the diatom fraction, being present in numbers of 16.7 x lO^cells.T^, which
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Table. 3 .4 .46.  The number of algal cells (1'̂ ) and their percentages, for 6th October, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Biddulphia aurita (P) - - - - 322 0.56 - -

Chaetoceros spp (P) 6456 8.36 3228 8 6456 11.2 - -

Coscinodiscus spp (P) 7102 9.2 4519 11.3 322 0.56 1297 3.65
Cocconeis disculus (B) 322 0.42 322 0.8 322 0.56 322 0.9
Diatoma spp 
Grammatophora 
marina (B)

2582
322

3.3
0.42

1936 4.8
322 0.56 - -

1297 3.65

Leptocylindrus 
danicus (P)

8393 10.87 5165 13 11621 20.2 1297 3.65

Navicula spp (B) 1291 1.67 1291 3 - - - -

Navicula distans (B) - - - - 322 0.56 - -

Nitzschia seriata (P) 2582 3.3 3873 6.73
Pleurosigma sp (B) - - - - . - 322 0.9
Rhizosolenia 
stolferfothii (P)

- - - - 2582 4.5 1291 3.65

Skeletonema 
costatum (P)

32928 42.6 16787 41.9 14204 24.7 9684 27.2

Thalassiosira 
decipiens (P)

322 0.42 - - - - - -

Thalassiosira 
nordenskioldii (P)

1291 1.67 1936 5.4

Dinoflagellates
Ceratium fusus (P) - - 322 0.8 - - - -

Ceratium furca (P) - - - - 322 0.56 - -

Ceratium tripos (?) 322 0.42 - - - - - -

Frotoperidinium sp (P) 322 0.42 - - - - - -

Silicoflagellates
Dictyocha 
speculum (P)

3228 4.2 3873 9.67 3873 6.7 3873 11

Other flagellates
Green
flagellates (P)

9684 12.55 2582 6.4 12913 22.46 14204 40

267



accounted for 41.9% of the total population. Also common were Chaetoceros spp. 

(8%), Coscinodiscus spp., (11.3%) and Leptocylindrus danicus (13%). Cocconeis 

disculus, Diatoma spp., and Navicula spp. were present in numbers not exceeding 1.9 

X lO^cells.l"^ (Table. 3. 4. 46.). The dinoflagellate fraction was represented by 

Ceratium fusus.

At station 9 (surface), the total number of algal cells was 57.5 x 10^cells.T\ of which 

70.25% were diatoms, 0.56% were dinoflagellates, 6.7% were represented by the 

silicoflagellate Dictyocha speculum  and 22.46% were green flagellates. 92.15% of the 

total biomass were truly planktonic species and the rest were benthic. The diatom 

fraction was dominated by Skeletonema costatum (24.7%) and Leptocylindrus danicus 

(20.2%). Also common was Chaetoceros spp. (11.2% of the total population). The 

diatoms Biddulphia aurita, Coscinodiscus spp., Cocconeis disculus, Grammatophora 

marina, Navicula distans, Nitzschia seriata and Rhizosolenia stolterfothii were 

present in numbers not exceeding 3.87 x lO^cells.k^ (Table. 3. 4. 46.). The 

dinoflagellate fraction was represented by Ceratium furca.

At 5 metres depth, the algal biomass was 35.5 x lO^cells.l'l, o f which 49% were 

diatoms, 11% were represented by the silicoflagellate Dictyocha speculum and 40% 

were green flagellates. 99.1% of the total biomass were truly planktonic species and the 

rest were benthic. The diatom fraction was predominantly composed of S. costatum , 

being present in numbers of 9.7 x lO^cells.k^,which accounted for 27.2% of the total 

biomass. The diatoms Coscinodiscus spp., Cocconeis disculus, Diatoma spp., 

Leptocylindrus danicus, Pleurosigma spp., Rhizosolenia stolterfothii and Thalassiosira 

nordenskioldii were present in numbers not exceeding 2 x lO^cells.k^ (Table. 3. 4.

46.).

On 27th October, a slight increase in the total number of algal cells was observed. 

Diatoms remained as the dominant fraction of the population, with S. costatum as the
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dominant species, except for samples collected from station 9 at surface where 

Nitzschia seriata succeeded S. costatum as the most dominant species.

At station 11 (surface), the total number of algal cells was 81 x lO^cells.l'^ of which 

51.6% were diatoms, 3.16% were dinoflagellates, , /  % were represented by the 

silicoflagellate Dictyocha speculum and 38.88% were green flagellates. 87.3% of the 

total biomass were truly planktonic species and the rest were benthic. 5. costatum was 

the most dominant species of the diatom fraction, being present in numbers of 13.5 x 

lO^cells.1‘1, which accounted for 16.66% of the total biomass, ranking second in terms 

of biomass was Coscinodiscus spp. (9.5%). Also common was Nitzschia spp. 

(7.14%). The diatoms Amphora spp., Chaetoceros spp., Diatoma spp., Fragilaria spp., 

Grammatophora marina, Navicula spp., Stauroneis membranacea and T. 

nordenskioldii were present in numbers not exceeding 3.8 x lO^cells.l^ (Table. 3. 4.

47.). The dinoflagellate fraction was represented by Ceratium furca, Ceratium tripos 

each accounted for 0.8% of the total population and Frotoperidinium spp. (1.58%).

At 5 metres depth, the total number of algal cells was 96 x lO^cells.k^ of which 

64.44% were diatoms, 0.67% were dinoflagellates, 6% were represented by the 

silicoflagellate Dictyocha speculum and 32.87% were green flagellates. 92.63% of the 

total biomass were truly planktonic species and the rest were benthic. Skeletonema 

costatum was the most dominant diatom, being present in numbers of 16 x lO^cells.k^, 

which accounted for 16.77% of the total biomass. Also common were Leptocylindrus 

danicus (6.1%) and Melosira spp. ^4%). Coscinodiscus spp., Diatoma spp., Diatoma 

elongatum, Eucampia zodiacus, Grammatophora marina, Navicula spp., Nitzschia spp., 

Nitzschia seriata, Pleurosigma spp., Rhizosolenia spp., Stauroneis membranacea and 

Thalassiosira nordenskioldii were present in numbers not exceeding 5 x lO^cells.l'l. 

The dinoflagellate fraction was represented by Ceratium lineatum.
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Table. 3.4.47.  The number of algal cells (1‘0  and their precentages, for 27th October, are summarised
in the following table.

P -  planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Amphora sp (B) 645 0.8 - - - - - -
Chaetoceros spp (P) 1291 1.58 - - 10330 9.4 8393 7.14
Coscinodiscus spp (P) 7747 9.5 5165 5.37 1291 1.17 9039 7.7
Cocconeis disculus (B) - - - - - - 645 0.55
Diatoma spp (B) 
Diatoma elongatum (B)

1936 3.38
1936

1936 
2 -

2 645 0.58 
322^2.74

4519 3.84

Ditylum brightwellii (P) - - - - 645 0.58 - -
Eucampia zodiacus (P) - - 1291 1.3 - - 9684 8.24
Fragilaria sp (P) 1291 1.58 - - - - - -
Grammatophora 
marina (B)

645 0.8 645 0.67 645 0.58 645 0.55

Leptocylindrus 
danicus (P)

- - 6456 6.7 9039 8.23 3228 2.74

Melosira spp (P) - - 9039 9.4 7102 6.47 2582 2.2
Navicula spp (B) 3873 4.76 1291 1.3 - - 7102 6
Nitzschia spp (B) 5810 7.14 1936 2 1291 1.17 - -
Nitzschia seriata (P) - - 2582 2.6 20015 18.23 1291 1.1
Pleurosigma spp (B) - - 645 0.67 645 0.58 - -

Rhizosolenia spp (P) - - 645 0.67 - - 645 0.55
Skeletonenm 
costatum (P)

13558 16.66 16141 16.77 - - 29700 25.57

Stauroneis 
membranacea (P)

3228 3.9 2582 2.68 2582 2.35 3228 2.74

Synedrasp (B) - - - - 2582 2.35 - -
Thalassiosira 
nordenskioldii (P)

1291 1.58 3873 4 2582 2.35 1936 1.65

Dinoflagellates
Ceratium elongatum (P) - - - - - - 645 0.55
Ceratium furca (P) 645 0.8 - - - - 645 0.55
Ceratium lineatum (P) - - 645 0.67 - - - -
Ceratium tripos (P) 645 0.8 - - - - - -
Protoperidinium sp (P) 1291 1.58 - - - - - -

Silicoflagellates
Dictyocha 
speculum (P)

5810 7 5810 6 6456 5.88 5165 4.4

Other flagellates
Green
flagellates (P)

30991 38.88 31636 32.87 38093 34.7 25180 21.4
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At station 9 (surface), the total number of algal cells was 109 x 10^cells.l'\ of which 

60% were diatoms, 5.88% were represented by the silicoflagellate Dictyocha speculum 

and 34.7% were green flagellates. 77% of the total number of algal cells were truly 

planktonic species and the rest were benthic. Nitzschia seriata was the most dominant 

diatom, being present in numbers of 20 xlO^cells. I 'l, which accounted for 18.23% of 

the total biomass. Also common were Chaetoceros spp. (9.4%), Leptocylindrus 

danicus (8.23%) and Melosira spp. (6.47%). The diatoms Coscinodiscus spp., 

Diatoma spp., Ditylum brightwelli, Grammatophora marina, Nitzschia spp., 

Pleurosigma spp., Stauroneis membranacea, Synedra spp. and Thalassiosira 

nordenskioldii were present in numbers not exceeding 2.58 x 103cells.l‘l.

At 5 metres depth, the algal biomass was 117 x lO^cells.l \  of which 73% were 

diatoms, 1.1% were dinoflagellates, 4.4% were represented by the silicoflagellate 

Dictyocha speculum and 21.4% represented by green flagellates. 92% of the total 

biomass were truly planktonic species and the rest were benthic. Skeletonema costatum 

was the most dominant diatom, being present in numbers of 29.7 x lO^cells.k^ which 

accounted for 25.27% of the total biomass. Also common were Chaetoceros (7.14%), 

Coscinodiscus spp., (7.7%), Eucampia zodiacus (8.24%) and Navicula spp., (6%). 

Cocconeis disculus, Diatoma spp., Diatoma elongatum, Grammatophora marina, 

Leptocylindrus danicus, Melosira spp., Nitzschia seriata, Rhizosolenia spp., Stauroneis 

membranacea and Thalassiosira nordenskioldii were present in numbers not 

exceeding 4.5 x lO^cells.l'^ (Table. 3. 4. 47.). The dinoflagellate fraction was 

represented by Ceratium elongatum and C. furca, each accounted for 0.55% of the 

total.

Winter 1986-1987

Low total numbers of algal cells were observed during this period. Diatoms remained 

as the dominant fraction of the population.
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On 12th November, at station 11 (surface), out of a total standing crop of 77.5 x 

lO^cells.l'^ 71.7% were diatoms, 2.4' % were dinoflagellates, 5  % were represented 

by the silicoflagellate Dictyocha speculum and 20.8% were green flagellates. 86 .6 8% 

of the total biomass were truly planktonic species and the rest were benthic. The 

diatom fraction was dominated by Skeletonema costatum (25.8%) and Melosira spp. 

(21.66%). Also common were Diatoma spp., (5.%%) and Nitzschia seriata (7.5%). 

The diatoms Achnanthes spp., Coscinodiscus spp., Cocconeis disculus, Navicula spp., 

Pleurosigma spp. and T. nordenskioldii were present in numbers not exceeding 3 x 

lO^cells.l'l. The dinoflagellate fraction, represented by Ceratium extensum, Ceratium 

furca  and C. tripos each accounted for 0.8% of the total.

At 5 metres depth, out of a total standing crop of 37.4 x lO^cells.l'i, 81% were diatoms, 

3.4% were dinoflagellates, 6.9% were represented by the silicoflagellate Dictyocha 

speculum and 8 .6% were green flagellates. 70.7% of the total biomass were truly 

planktonic species and the rest were benthic. Nitzschia seriata (15.5% of the total 

population) succeeded Skeletonema costatum as the most dominant diatom, ranking 

fourth in terms of biomass below Diatoma spp. (13.8%), Eucampia zodiacus (12%) 

and Leptocylindrus danicus (10.3%) was Navicula spp. (8 .6%). Also common was 

Thalassiosira nordenskioldii (6.9% of the total quantity). The diatoms Achnanthes 

longipes, Coscinodiscus spp., Cocconeis disculus, Grammatophora serpentina, 

Nitzschia bilobata and Synedra spp. were present in numbers not exceeding 5 x 

103cells.l’l (Table. 3. 4. 48.). The dinoflagellate fraction was represented by C. furca.

At station 9 (surface), out of a total standing crop of 44 x lO^cells.l'i, 83.3% were 

diatoms, 0.7% wci  ̂ represented by the dinoflagellate C. furca  and 16% W[%/f 

represented by the silicoflagellate Dictyocha speculum . 78.88% of the total biomass 

were truly planktonic species and the rest were benthic. The most dominant species of 

the diatom fraction was Skeletonema costatum (25.5%), ranking next in terms of 

biomass was Coscinodiscus spp. (14.6% of the total biomass). Also common were

272



Table. 3 .4.48.  The number of algal cells (1*) and their percentages, for 12th November, are summarised
in the following table.

P -  planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Achnanthes sp (B) 645 0.8 - - - - - -
Achnanthes longipes (B) - - 645 1.7 - - - -
Coscinodiscus spp (P) 1936 2.5 1396 3.7 6456 14.6 14849 36.2
Cocconeis disculus (B) 645 0.8 645 1.7 1936 4.37 322 0.78
Diatoma spp (B) 4519 5.8 5165 13.8 3873 8.75 3873 9.45
Eucampia zodiacus (P) - - 4519 12 - - - -
Grammatophora 
serpentina (B)

- 645 1.7

Leptocylindrus 
danicus (P)

- 3873 10.3 *

Melosira spp (P) 16786 21.66 - - 3227 7.3 4519 11
Nafç/jda spp (B) 2582 3 3228 8.6 3228 7.3 5810 14.17
Nitzschia bilobata (B) - - 645 1.7 - - 322 0.78
Nitzschia seriata (P) 5810 7.5 5810 15.5 3873 8.75 -
Pleurosigma sp (B) 1291 1.66 - - - - - -
Rhabdonema 
arcuatum (B)

- - - - 2582 8.75

Rhizosolenia spp (P) - - - - - - 322 0.78
Skeletonema 
costatum (P)

20015 25.8 - 11298 25.5 5165 12.6

Synedra spp (B) - - 645 1.7 322 0.7 322 0.78
Thalassiosira 
nordenskioldii (P)

1291 1.66 2582 6.9
■ ■

1291 3

Dinoflagellates
Ceratium extensum (P) 645 0.8 - - - - - -
Ceratium furca (P) 645 0.8 1291 3.4 322 0.7 - -
Ceratium tripos (P) 645 0.8 - - - - - '

Silicoflagellates
Dictyocha 
speculum (P)

3873 5 2582 6.9 7102 16 1291 3

Other flagellates
Green
flagellates (P)

16141 20.8 3228 8.6 2582 6.3
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Diatoma spp,, Nitzschia seriata, each accounted for 8.75% of the total population, 

Melosira spp, and Rhabdonema arcuatum (8.75%). The diatoms Cocconeis

disculus, Navicula spp, and Synedra spp. were present in numbers not exceeding 1.9 x 

lO^celis.l-^ (Table. 3. 4. 48.).

At 5 metres depth, out of a total standing crop of 41 x 103cells.T^, 90.56% were 

diatoms, 3% were represented by the silicoflagellate Dictyocha speculum and 6.3% 

were green flagellates. 84.27% of the total biomass were truly planktonic species and 

the rest were benthic.

;
Coscinodiscus spp. was the most dominant diatom, being present in numbers of 14.8 x 

lO^cells.l'^ which accounted for 36.2% of the total biomass. The diatoms Diatoma 

spp., Melosira spp., Navicula spp. and S. costatum comprised a large proportion of 

the total biomass. Cocconeis disculus, Nitzschia bilobata, Rhizosolenia spp. and 

Thalassiosira nordenskioldii were present in numbers not exceeding 1.3 x lO^cells.k^ 

(Table. 3. 4. 48.).

On 23rd December, a decrease in the total number of algal cells was observed, with 

diatoms as the dominant fraction of the population. Diatoms made up the entire 

population for samples collected from station 11 at surface.

At station 11 (surface), the total number of diatom cells was 22 x lO^cells.l*^ of which 

82.32% were truly planktonic species and the rest were benthic. The diatoms 

Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, Melosira spp., Navicula 

spp., Skeletonema costatum and Thalassiosira nordenskioldii comprised a large 

proportion of the biomass. Amphora spp., Nitzschia spp., Nitzschia seriata, 

Pleurosigma spp. and Synedra spp. were present but each alone contributed little to 

the total biomass of the population (Table. 3. 4. 49.).
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At 5 metres depth, the algal biomass was 31 x lO^cells.1'1, of which 56.26% were truly 

planktonic species and the rest were benthic. Diatoms were dominant (91.6% of the 

total biomass). The diatoms Asterionella japonica, Coscinodiscus spp., Cocconeis 

disculus, Melosira spp., Navicula spp., S. costatum and Surirella salina comprised a 

large proportion of the biomass. Amphora spp., Navicula distans and Nitzschia spp. 

were present in numbers not exceeding 1.3 x lO^cells.l'^ (Table. 3. 4. 49.).

At station 9 (surface), the total number of algal cells was 35.5 x lO^cells.l'l, of which 

87.23% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (80% of the total biomass). Melosira spp. was the most dominant species, 

being present in numbers of 12.2 x lO^cells.k^, which accounted for 34.54% of the total 

biomass, ranking second in terms of biomass was Skeletonema costatum (14.54%). 

Also common were Coscinodiscus spp., Nitzschia spp. and Synedra spp. (Table. 3. 4. 

49.). The diatoms Diatoma spp., Grammatophora marina, Navicula spp., Rhizosolenia 

spp. and Thalassiosira nordenskioldii were present in numbers not exceeding 1.3 x 

lO^cells.l"^ (Table. 3. 4. 49.). Also present were green flagellates (20% of the total 

quantity).

At 5 metres depth, the total number of algal cells was 22.6 x lO^cells.k^ of which 

82.8% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(74.3% of the total biomass). The diatoms Coscinodiscus spp., Melosira spp., 

Nitzschia spp., S. costatum and T. nordenskioldii comprised a large proportion of the 

biomass. Diatoma spp., Navicula spp., Nitzschia seriata and Synedra spp. were 

present but each alone contributed little to the total biomass of the population (Table. 3.

4. 49.). The dinoflagellate Protoperidinium spp. was present in small numbers of 0.6 

X lO^cells.l"^, which accounted for 2.85% of the total. Also present were green 

flagellates (22.85%).
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Table. 3.4.49.  The number of algal cells (1‘0  and their percentage, for 23rd December, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Amphora spp (B) 645 2.9 645 2.1 - - - -
Asterionella 
japonica (?)

- 1936 6.24

Coscinodiscus spp (?) 2582 11.76 4519 14.57 2582 7.27 3228 14.28
Cocconeis disculus (B) - - 4519 14.57 - - - -
Diatoma spp (B) 2582 11.76 - - 645 1.8 645 2.85
Grammatophora 
marina (B)

- - - - 645 1.8 - '

Leptocylindrus 
danicus (B)

1936 8.8 - - - - - -

Melosira spp (B) 2582 11.76 3873 12.5 12267 34.54 2582 11.42
Navicula spp (B) 3228 14.7 1936 6.2 1291 3.63 1291 5.7
Navicula distans (B) - - 645 2.1 - - - -
Nitzschia spp (B) 645 2.9 1291 4.16 - - 1936 8.58
Nitzschia seriata (?) 1291 5.88 - - 1936 5.45 1291 5.7
Pleurosigma sp (?) 645 2.9 - - - - - -
Rhizosolenia sp (?) - - - - 645 1.8 - -
Skeletonema 
costatum (?)

3228 14.7 4519 14.57 5165 14.54 3228 14.28

Surirella salina (B) - - 4519 14.57 - - -
Synedra spp (B) 645 2.9 - - 2582 7.27 645 2.85
Thalassiosira 
nordenskioldii (?)

1936 8.8 645 1.8 1936 8.57

Dinoflagellates
Protoperidinium sp (?) - - - - - - 645 2.85

Other flagellates
Green
flagellates (?)

2602 8.4 7102 20 5165 22.85
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On 24th January, the total number of algal ceils remained low, with diatoms as the 

dominant fraction of the population. An increase in the contribution of the benthic 

fraction of the population was observed.

At station 11 (surface), the total number of algal cells was 23 x lO^cells.l'^ of which 

61.13% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (97.23% of the total biomass). Nitzschia spp. was the most dominant 

species, being present in numbers of 6.4 x lO^cells.k^ which accounted for 27.77% of 

the total biomass, ranking second in terms of biomass were Coscinodiscus spp. and 

Melosira spp., each accounted for 19.4% of the total population. Also common were 

Diatoma spp. and Navicula spp. (Table. 3. 4. 50.). Also present but in small numbers 

were Asterionella spp. and Nitzschia bilobata, each accounted for 2.77% of the total 

quantity. The dinoflagellate fraction was represented by Ceratium lineatum (2.77% of 

the total biomass). Also present in small numbers were the green flagellates (2.77% of 

the total population).

At 5 metres depth, the total number of algal cells was 18.7 x lO^cells.k^ of which 

79.34% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (82.77% of the total biomass). The diatom fraction was dominated by 

Coscinodiscus spp. (27.58%) and Skeletonema costatum (24.13%). Also common 

were Melosira spp. (6.89%) and Navicula spp. (10.3%). The diatoms Diatoma spp., 

Grammatophora marina, Nitzschia bilobata and Synedra spp. were present in small 

numbers, each accounted for 3.44% of the total population. Also present in small 

numbers was the silicoflagellate Dictyocha speculum (3.44% of the total quantity). 

Green flagellates were also present and accounted for 13.8% of the total biomass.

At station 9 (surface), the total number of algal cells was 18.7 x lO^cells.l'^ of which 

51.76% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (79.32% of the total biomass). Synedra spp. was by far the dominant
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Table. 3.4.  50. The number of algal cells (1^  and their percentages, for 24th January 1987, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal ceils. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Asterionella sp (?) 645 2.77 - - - - - -

Chaetoceros sp (?) - - - - - - 1936 12
Coscinodiscus sp (?) 4519 19.4 5165 27.58 645 3.44 2582 16
Cocconeis disculus (B) - - - - 645 3.44 645 4
Diatoma spp (B) 3228 13.88 645 3.44 1291 6.9 1291 8
Grammatophora - - 645 3.44 - - - -

marina (B) 
Gyrosigmasp (B) . . 1291 8
Melosira spp (?) 4519 19.44 1291 6.89 - -  ' - -

Navicula spp (B) 1936 8.33 1936 10.3 1291 6.9 1936 12
Nitzschia sp (B) 6456 27.77 - - - - - -

Nitzschia bilobata (B) 645 2.77 645 3.44 - - -

Pinnulariasp (B) - - - - 645 3.44 - -

Rhizosolenia spp (?) - - - - 645 3.44 645 4
Skeletonema - - 4519 24.13 1291 6.9 1936 12
costatum (?) 
Synedra spp (B) - - 645 3.44 6455/34,Al~> 1291 8

Dinoflagellates
Ceratium lineatum (?) 645 2.77 - - - - - -

Protoperidinium sp (?) - - - - 645 3.44 - -

Silicoflagellates
Dictyocha speculum (?) - - 645 3.44 3228 17.24 645 4

Other flagellates
Green flagellates (?) 645 2.77 2582 13.8 1936 10.3 1936 12
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species, being present in numbers of 6.45 x lO^cells.l'^ which accounted for 34.47% of 

the total population. The diatoms Coscinodiscus spp., Cocconeis disculus, Diatoma 

spp., Navicula spp., Pinnularia spp., Rhizosolenia spp. and S. costatum were present 

in numbers not exceeding 1.3 x lO^cells.l'l (Table. 3. 4. 50.). The dinoflagellate 

Protoperidinium spp. represented 3.44% of the total biomass, and the silicoflagellate 

Dictyocha speculum represented 17.24% of the total population. Also present were 

green flagellates (10.3% of the total biomass).

At 5 metres depth, the total number of algal cells was 16.14 x lO^cells.I'l, of which 

68% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(96% of the total biomass). The diatoms Chaetoceros spp., Coscinodiscus spp., 

Diatoma spp., Gyrosigma spp., Navicula spp., Skeletonema costatum and Synedra spp. 

accounted for most of the diatom fraction. Cocconeis disculus and Rhizosolenia spp. 

were present and each accounted for 4% of the total biomass. The silicoflagellate 

Dictyocha speculum accounted for 4% of the total population. The green flagellates 

comprised a large proportion of the total biomass (12%).

On 18th February, a slight increase in the total number of algal cells was observed at 

both stations, at both depths. Diatoms remained as the dominant fraction of the 

population. Green flagellates were observed only in samples collected from surface at 

both stations.

At station 11 (surface), the algal biomass was 36.8 x lO^cells.k^ of which 84.25% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (82.47% of 

the total biomass). S. costatum was the most dominant species, being present in 

numbers of 12.2 x lO^cells.l'l, which accounted for 33.33% of the total quantity. Also 

common were Leptocylindrus danicus (12.28%) and Melosira nummuloides (8.77%). 

The diatoms Amphora spp., Coscinodiscus spp., Diatoma spp., Epithemia spp., 

Navicula spp., Nitzschia bilobata, Pleurosigma spp., Thalassiosira decipiens and T.
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nordenskioldii were present in numbers not exceeding 1.9 x lO^cells.1‘1 (Table. 3. 4.

51.). The dinoflagellates Ceratium lineatum  and Protoperidinium spp. were present, 

each accounted for 1.75% of the total population. Also present were green flagellates 

(14% of the total quantity).

At 5 metres depth, the total number of algal cells was 68.4 x lO^cells.h^ of which 

88.71% were truly planktonic species and the rest were benthic. The population was 

made up entirely of diatoms. Skeletonema costatum was the most dominant species, 

being present in numbers of 30.9 x lO^cells.l'l, which accounted for 45.28% of the total 

biomass, ranking second in terms of biomass was Leptocylindrus danicus (28.3%). 

The diatoms Chaetoceros spp., Coscinodiscus spp., Cocconeis sublittoralis, 

Gomphonema, Grammatophora serpentina, Navicula spp., Nitzschia seriata, Synedra 

spp. and T. nordenskioldii were present in numbers not exceeding 3.2 x lO^cells.k^ 

(Table. 3. 4. 51.).

At station 9 (surface), the algal biomass was 109.4x lO^cells.I'l, of which 94.72% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (96.5% of 

the total biomass). S. costatum was the most dominant species, being present in 

numbers of 61.3 x lO^cells.k^, which accounted for 55.88% of the total biomass, 

ranking second in terms of biomass was Leptocylindrus danicus (20.58%). The 

diatoms Asterionella japonica, Chaetoceros spp., Coscinodiscus spp., Diatoma spp., 

Ditylum brightwellii, Gomphonema spp., Grammatophora serpentina, Navicula spp., 

Nitzcshia bilobata, Nitzschia seriata and Rhizosolenia setigera were present in 

numbers not exceeding 4.5 x lO^cells.l'l (Table. 3. 4. 51.). The dinoflagellate fraction 

was represented by Ceratium tripos and Protoperidinium spp., each accounted for 

0.58% of the total biomass. Also present were green flagellates (2.35% of the total 

quantity).
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Table. 3.4. 51. The number of algal cells (1'̂ ) and their percentages, for 18th February 1987, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m s 5m

n % n % n % n %

Diatoms
Achnanthes longipes (B) 645 1.36
Amphora sp (B) 645 1.75 - - - - - -
Asterionella - - - - 2582 2.35 - -
japonica (?) 
Chaetoceros spp (?) 3228 4.7 2582 2.35 .

Coscinodiscus spp (?) 1291 3.5 2582 3.77 3228 2.94 3873 8.16
Cocconeis - - 645 0.9 - - 645 1.36
sublittoralis (B) 
Diatoma spp (B) 645 1.75 1291 1.2
Ditylum brightwellii (?) - . - - 645 0.58 - -
Epithemia sp (B) 645 1.75 - - - - - -
Fragilaria sp (?) - - - - - - 1291 2.72
Gomphonema spp (?) - - 1290 1.88 645 0.58 - -
Grammatophora - - 645 0.9 645 0.58 - -
serpentina (?) 
Leptocylindrus 4519 12.28 19369 28.3 22597 20.58 7747 16.33
danicus (?) 
Melosira sp (?) 3873 8.16
Melosira 3228 8.77 - - - - - -
nummuloides (?) 
Navidf^ spp (B) 1291 3.5 3228 4.7 2582 2.35 3228 6.8
Nitzschia sp (B) 1291 3.5 - - - - - -
Nitzschia bilobata (B) 1291 3.5 2582 3.77 2582 2.35 - -
Nitzschia seriata (?) - - 1291 1.88 4519 4 7102 14.97
Pleurosigma sp (B) 645 1.75 - - - - - -
Rhabdonema - - - - - - 1291 2.72
arcuatum (B) 
Rhizosolenia setigera (?) . 645 0.58
Skeletonema 12267 33.33 30991 45.28 61337 55.88 11277 23.77
costatum (?) 
Synedrasp (B) 645 0.9
Thalassiosira 645 1.75 - - - - 1291 2.72
decipiens (?) 
Thalassioisira 1936 5.26 1936 2.8 3228 6.8
nordenskioldii (?) 
Dinoflaeellates 
Ceratium extensum (?) 645 1.36
Ceratium lineatum (?) 645 1.75 - - - - 645 1.36
Ceratium tripos (?) - - - - 645 0.58 - -

Protoperidinium spp (?) 6 1.75 - - 645 0.58 - -

Silicoflagellates 
Dictyocha speculum (B) 645 1.36
Other flagellates 
Green flagellates (?) 5165 14 . 2582 2.35
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At 5 metres depth, the total number of algal cells was 47.4 x lO^cells.l ^  of which 

87.76% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (95.92% of the total biomass). S. costatum was the most dominant species, 

being present in numbers of 11.27 x lO^cells.k^ which accounted for 23.77% of the 

total biomass, ranked third in terms of biomass after Leptocylindrus danicus (16.33%) 

was Nitzschia seriata (14.97%). Also common were Coscinodiscus spp., Melosira 

spp., Navicula spp. and Thalassiosira nordenskioldii. The diatoms Achnanthes 

longipes, Cocconeis sublittoralis, Fragilaria spp., Rhabdonema arcuatum and T. 

decipiens were present in numbers not exceeding 1.3 x lO^cells.l'^ (Table. 3. 4. 51.). 

Also present were the dinoflagellates Ceratium extensum, C. lineatum and the 

silicoflagellate Dictyocha speculum, each accounted for 1.36% of the total population.

Spring 1987

A gradual increase in the total number of algal cells was observed. Diatoms remained 

as the dominant fraction of the population, of which Skeletonema costatum was the 

dominant species. The maximum total number of algal cells was observed on 22nd 

April for surface and 5 metres depth at both stations.

On 11th March, diatoms made up the entire population. At station 11 (surface) the total 

number of diato/jcells was 88.45 x lO^cells.k^ of which 98.55% were truly planktonic 

species and the rest were benthic. S. costatum was by far the dominant species, being 

present in numbers of 74.2 x lO^cells.l'l, which accounted for 83.9%of the total 

biomass. The diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus., 

Nitzschia seriata., Synedra spp. and Thalassiosira nordenskioldii were present in 

numbers not exceeding 4.52 x 103cells.l‘l (Table. 3. 4. 52.).

At 5 metres depth, the total number of diatom cells was 72.6 x 103cells.k^, of which 

99.12% were truly planktonic species and the rest were benthic.
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Table. 3.4.  52. The number of algal ceils (T )̂ and their percentages, for 11th March 1987, are summarised
in the following table.

P = planktonic. B = benthic. n -  number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatom?
Coscinodiscus spp (P) 4519 5.1 3228 4.49 4501 5.1 3190 4.4
Diatoma spp (B) 645 0.73 645 0.88 645 0.73 638 0.88
Leptocylindrus 
danicus (?)

3873 4.37 - - 4854 5.5 - -

Nitzschia bilobata (B) 968 1 645 0.88 1765 2 1283 1.77
Nitzschia seriata (?) 3228 3.65 2582 3.55 1588 1.8 1928 2.66
Skeletonema 
costatum (?)

74250 83.9 64565 88.88 73087 82.8 63437 87.5

Synedra spp (B) 322 0.3 - - 1729 1.45 - -
Thalassiosira 
nordenskioldii (?)

645 0.73 9 1.33 645 0.73 1928 2.66
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s. costatum was by far the dominant species, being present in numbers of 64.56 x 

lO^cells.l'l, which accounted for 88 .88% of the total population. The diatoms 

Coscinodiscus spp., Diatoma spp., Nitzschia bilobata, Nitzschia seriata and T. 

nordenskioldii were present in numbers not exceeding 3.2 x lO^cells.T^ (Table. 3. 4.

52.).

At station 9 (surface), the total number of diatom cells was 88.27 x 103cells.l‘  ̂ of which 

96.48% were truly planktonic species and the rest were benthic. Skeletonema costatum 

was by far the dominant species, being present in numbers of 73 x 103cells.k^, which 

accounted for 82.8% of the total biomass. The diatoms Coscinodiscus spp., Diatoma 

spp., Leptocylindrus danicus, Nitzschia bilobata, Nitzschia seriata, Synedra spp. and 

Thalassiosira nordenskioldii were present in numbers not exceeding 4.85 x 103cells.l‘l 

(Table. 3. 4. 52.).

At 5 metres depth, the total number of diatom cells was 72.5 x 103cells.k^ of which 

98.28% were truly planktonic species and the rest were benthic. S. costatum was by far 

the dominant species being present in numbers of 63.4 x lO^cells.k^, which accounted 

for 87.5% of the total population. The diatoms Coscinodiscus spp., Diatoma spp., N. 

bilobata, N. seriata and T. nordenskioldii were present in numbers not exceeding 3.2 

X 103cells.l-l (Table. 3. 4. 52.).

On 18th March, diatoms remained as the dominant fraction of the population with S. 

costatum as the dominant species. Also observed were green flagellates.

At station 11 (surface), the algal biomass was 116.2 x 103cells.l"^ of which 99.48% 

were truly planktonic species and the rest were benthic. Diatoms were dominant (85% 

of the total biomass). S. costatum was by far the dominant species, being present in 

numbers of 103cells.l'^, which accounted for 73% of the total biomass. The 

diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, Nitzschia bilobata,
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Table. 3. 4. 53. The number of algal ceils (1^  and their percentages, for 18th March 1987, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal ceils.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Coscinodiscus spp (P) 3228 3.74 2582 3.38 6455 7.5 5160 6.78
Diatoma spp (B) 1291 1.5 1291 1.7 1291 1.5 1292 1.7
Leptocylindrus 
danicus (?)

1291 1.5 1936 2.54 1291 1.5 3866 5.08

Nitzschia bilobata (B) 645 0.74 - - 1291 1.5 - -
Nitzschia seriata (?) 3228 3.74 2582 3.38 3219 3.74 1933 2.54
Skeletonema 
costatum (?)

62951 73 56817 74.57 59629 69.28 54182 71.18

Synedra sp (B) - - - - - - - -
Thalassiosira 
nordenskioldii (?)

645 0.74 645 0.84 636 0.74 1294 1.7

Other flagellâtes
Green
flagellates

12913 14.98 10330 13.55 12247 14.23 8373 11
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N itzschia seriata  and Thalassiosira nordenskioldii were present in numbers not

exceeding 3.2 x lO^cells.l'^ (Table. 3. 4. 53.). Also present were green flagellates

(14.98% of the total population).

At 5 metres depth, the total number of algal cells was 76.16 x 103cells.l‘k The 

population was made up entirely of truly planktonic species. Diatoms were dominant 

(86.45% of the total biomass). S. costatum was by far the dominant species, being 

present in numbers of 56.8 x 103cells.l'^ which accounted for 74.57% of the total 

biomass. The diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, 

Nitzschia seriata and T. nordenskioldii were present in numbers not exceeding 2.58 x 

103cells.l'l (Table. 3. 4. 53.). Also present were green flagellates (13.55% of the total 

population).

At station 9 (surface), the algal biomass was 86.07 x lO^cells.l'l of which 98.5% were 

truly planktonic species and the rest were benthic. Diatoms were dominant (85.77% of 

the total biomass). S. costatum was by far the dominant species, being present in 

numbers of 59 x 103cells.l'^ which accounted for 69.28% of the total quantity. The 

diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, Nitzschia bilobata, 

Nitzschia seriata and Thalassiosira nordenskioldii were present in numbers not 

exceeding 6.45 x lO^cells.k^ (Table. 3. 4. 53.). Also present were green flagellates 

(14.23% of the total quantity).

At 5 metres depth, the total number of algal cells was 76.12 x 103cells.l'L The 

population was made up entirely of truly planktonic species. Diatoms were dominant 

(89% of the total biomass). Skeletonema costatum was by far the dominant species, 

being present in numbers of 54.2 x lO^cells.k^ which accounted for 71.18% of the total 

population. The diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, 

Nitzschia seriata and T. nordenskioldii were present in numbers not exceeding 7.5 x
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lO^cells.l'^ (Table. 3. 4. 53.). Also present were green flagellates (11% of the 

population).

On 25th March, an increase in the total number of algal cells was observed for samples 

collected from both stations, at both depths. Diatoms remained as the dominant fraction 

of the population, with S. costatum  as the dominant species. The dinoflagellate 

Ceratium extensum was observed in samples collected from 5 metres depth at both 

stations, while the silicoflagellate Dictyocha speculum was observed in samples 

collected from surface at both stations. Green flagellates were observed at both stations 

at both depths.

At station 11 (surface), the total number of algal cells was 270.06 x lO^cells.l"^ of 

which 99.33% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (93.6% of the total biomass). Skeletonema costatum was by far the dominant 

species, being present in numbers of 229 x lO^cells.l"^ which accounted for 84.7% of 

the total population. The diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus 

danicus, Navicula spp., Nitzschia seriata, Synedra spp., Thalassiosira gravida and T. 

nordenskioldii were present in numbers not exceeding 7.7 x 103cells.k^ (Table. 3. 4. 

54.). The silicoflagellate Dictyocha speculum  was present in small numbers (0.2% of 

the total biomass). Also present were green flagellates (6.2% of the total quantity).

At 5 metres depth, the total number of algal cells was 336 x lO^cells.l'i, of which 

99.22% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (82.62% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 306.6 x lO^cells.l’i, which accounted for 91.17% of the 

total population. The diatoms Amphora spp., Coscinodiscus spp., Cocconeis disculus, 

Leptocylindrus danicus, Navicula spp., Nitzschia bilobata and N. seriata were present 

in numbers not exceeding 4.5 x lO^cells.l'^ (Table. 3. 4. 54.). The dinoflagellate
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Table. 3. 4. 54. The number of algal cells (1'̂ ) and their precentages, for 25th March 1987, are summarised
in the following table.

P = planktonic. B = benlhic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Amphora spp (B) - - 1291 0.38 - - 671 0.2
Coscinodiscus spp (?) 5810 2.14 4519 1.34 11570 4.28 9004 2.68
Cocconeis disculus (B) - - 645 0.2 - - 671 0.2
Diatomaspp (B) 645 0.2 - - 540 0.2 - -

Leptocylindrus 
danicus (?)

4519 1.67 1291 0.38 9029 3.34 2553 0.76

Naviculaspp (B) 1291 0.47 645 0.2 1270 0.47 1276 0.38
Nitzschia bilobata (B) - - 645 0.2 - - 671 0.2
Nitzschia seriata (?) 7747 2.86 3228 0.95 7109 2.63 3191 0.95
Skeletonema 
costatum (?)

229207 84.7 306685 91.17 223219 82.57 301710 89.8

Synedraspp (B) 645 0.2 - - 540 0.2 - -

Thalassiosira 
gravida (?)

2582 0.95 - - 2582 0.95

Thalassiosira 
nordenskioldii (?)

645 0.2 540 0.2

Dinoflagellates
Ceratium extensum (?) - - 645 0.2 - - 671 0.2

Siltcoflagellates
Dictyocha speculum (?) 645 0.2 - - 1243 0.46 - “

Oüier flagellates
Green
flagellates (?)

16787 6.2 16787 5 12246 4.53 13439 4
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Ceratium extensum was present in small numbers (0.2% of the total biomass). Also 

present were green flagellates (5% of the total quantity).

At station 9 (surface), the total number of algal cells was 270.34 x lO^cells.l"^ of which 

99.33% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (95% of the total biomass). Skeletonema costatum was by far the dominant 

species, being present in numbers of 223.4 x lO^cells.l'l, which accounted for 82.57% 

of the total population. The diatoms Coscinodiscus spp,, Diatoma spp,, Leptocylindrus 

danicus, Navicula spp., Nitzschia seriata, Synedra spp., Thalassiosira gravida and T. 

nordenskioldii were present in numbers not exceeding 11.6 x lO ^ c e lls .l^  (Table. 3. 4. 

54.). The silicoflagellate Dictyocha speculum was present in small numbers (0.46% of 

the total quantity). Also present were green flagellates (4.53% of the total biomass).

At 5 metres depth, the total number of algal cells was 335.98 x lO^cells.1‘1 of which 

99% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(95.8% of the total biomass). S. costatum was by far the dominant species, being 

present in numbers of 302 x lO^cells.l'l, which accounted for 89.8% of the total 

population. The diatoms Amphora spp., Coscinodiscus spp,, Cocconeis disculus, 

Leptocylindrus danicus, Navicula spp., Nitzschia bilobata and Nitzschia seriata were 

present in numbers not exceeding 9 x lO^cells.l'^ (Table. 3. 4. 54.). The dinoflagellate 

Ceratium extensum was present in small numbers (0.2% of the total quantity). Also 

present were green flagellates (4% of the total biomass).

On 8th April, sampling was carried out on station 11 only, with samples collected from 

surface, 1 metre, 5 metres and 10 metres depth. A decrease in the total number of algal 

cells was observed. Diatoms remained as the dominant fraction of the population, with 

Skeletonema costatum as the dominant species. An increase in the contribution of 

green flagellates was observed. The dinoflagellate Protoperidinium spp. was observed 

in samples collected from 1 metre, while the silicoflagellate Dictyocha speculum was
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observed only in samples collected from 5 metres depth, A decrease in the total number 

of algal cells was observed with the increase of depth.

At station 11 (surface), the total number of algal cells was 218*22 x lO^cells.l'l, of 

which 97.94% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (83.43% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 164 x lO^cells.l'^, which accounted for 75.14% of the total 

population. The diatoms Coscinodiscus spp., Gomphonema spp., Melosira spp., 

Navicula spp., Nitzschia bilobata and Thalassiosira nordenskioldii were present in 

numbers not exceeding 10.3 x lO^cells.l'l (Table. 3. 4. 55.). The green flagellates were 

also present and accounted for 15.97% of the total biomass.

At 1 metre depth, the total number of algal cells was 165.16 x lO^cells.l’ ,̂ of which 

97.4% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(67.18% of the total biomass). S. costatum was by far the dominant species, being 

present in numbers of 94.9 x lO^cells.k^, which accounted for 57.4% of the total 

biomass. The diatoms Coscinodiscus spp., Gomphonema spp., Navicula spp., Nitzschia 

spp. and Nitzschia seriata were present in numbers not exceeding 10.3 x lO^cells.l'^ 

(Table. 3, 4. 55.). The dinoflagellate Protoperidinium spp. was present (0.4% of the 

total). Also present were green flagellates (32.42% of the total population).

At 5 metres depth, the total number of algal cells was 161.77 x lO^cells.l'^, of which 

96% were truly planktonic species and the rest were benthic. 64.94% of the total 

biomass were diatoms, 0.4% were represented by the silicoflagellate Dictyocha 

speculum and 34.66% were represented by green flagellates. The diatom fraction was 

predominantly composed of Skeletonema costatum, being present in numbers of 89.7 x 

lO^cells.l'^, which accounted for 55.37% of the total quantity. The diatoms 

Coscinodiscus spp., Leptocylindrus danicus, Navicula spp., Nitzschia spp., Nitzschia

290



Table. 3.4.55.  The number of algal cells (1') and their percentages, for 8th April 1987, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S |m /Om

n % n % n % n %

Diatoms
Amphora sp (B) - - - - - - 645 0.56
Chaetoceros sp (?) - - - - - - 3228 2.8
Coscinodiscus spp (?) 10321 4.73 10322 6.25 4519 2.78 6456 5
Diatoma sp (B) - - - _ - - 1291 1
Gomphonema spp (?) 645 0.3 660 0.4 - - 645 0.56
Leptocylindrus 
danicus (?)

“ - - - 1936 1.2

Melosira sp (?) 2547 1.18 - - - - - -

Navicula spp (B) 1920 0.88 1932 1.17 645 0.4 645 0.56
Nitzschia spp (B) - - 660 0.4 1291 0.8 - -

Nitzschia bilobata (B) 2547 1.18 - - 3873 2.4 1936 1.7
Nitzschia seriata (?) - - 2576 1.56 1936 1.2 - -

Skeletonema 
costatum (?)

163970 75.14 94801 57.4 89745 55.37 69730 61

Synedra spp (B) - - - - 645 0.4 645 0.56
Thalassiosira 
nordenskioldii (?)

1309 0.6
■ ■

645 0.4 1291 1

Dinoflagellates
Protoperidinium sp (?) - - 660 0.4 - - - -

Silicoflagellates
Dictyocha speculum (?) - - - * 645 0.4 - -

Other flagellates
Green
flagellates (?)

34849 15.97 53544 32.42 56171 34.66 27763 24.3
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bilobata, N itzschia  seriata, Synedra spp. and Thalassiosira  nordenskioldii were

present in numbers not exceeding 4.5 x lO^cells.l'^ (Table. 3. 4. 55.).

At 10 metres depth, the total number of algal cells was 114 x lO^cells.l'^of which 

96.62% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (75.7% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 69.7 x lO^cells.l'l, which accounted for 61% of the total 

biomass. The diatoms Amphora spp., Chaetoceros spp., Diatoma spp., Gomphonema 

spp., Navicula spp., Nitzschia bilobata, Synedra spp. and Thalassiosira nordenskioldii 

were present in numbers not exceeding 3.2 x lO^cells.l'l (Table. 3. 4. 55.). Also 

present were green flagellates (24.3% of the total quantity).

On 15th April, an increase in the total number of algal cells was observed. Diatoms 

remained as the dominant fraction of the population, with Skeletonema costatum as the 

dominant species. The only other fraction of the population observed was the green 

flagellates. The contribution of the green flagellates to the total biomass of the 

population was higher for samples collected from 5 metres depth at both stations than 

that observed for samples collected from surface.

At station 11 (surface), the algal biomass was 1369.8 x lO^cells.l'^ of which 95.6% 

were truly planktonic species and the rest were benthic. Diatoms were dominant 

(86.87% of the total biomass). S. costatum was by far the dominant species, being 

present in numbers of/999.95 x lO^cells.l"^, which accounted for 73% of the total 

population. The diatoms Amphora spp., Coscinodiscus spp., Leptocylindrus danicus, 

Navicula spp. and Nitzschia spp. were present in numbers not exceeding 95.88 x 

lO^cells.l'^ (Table. 3. 4. 56.). Also present were green flagellates (13.12% of the total 

quantity).
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Table. 3.4.  56. The number of algal cells (f^) and their percentages, for 15th April 1987, are summarised
in the following table.

P = planktonic. B = benthic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatom §
Amphora spp (B) 30135 2.2 13750 1.1 38750 2 37500 2
Chaetoceros sp (P) - - - - 19375 1 - -

Coscinodiscus spp (?) 95886 7 62500 5 116250 6 37500 2
Diatoma sp (B) - - - - - - 37500 2
Gomphonema sp (?) - - - - - - 18750 1
Leptocylindrus 
danicus (?)

5479 0.4 - 18750 1

Navicula spp (?) 27396 2 27187 2.175 38750 2 56250 3
Nitzschia spp (B) 30135 2.2 13750 1.1 19375 1 75000 4
Skeletonema 
costatum (?)

1999954 73 687500 55 1453215 75 993750 53

Thalassiosira 
nordenskioldii (?)

56250 3

Other flagellates
Green
flagellates (?)

179717 13.12 445250 35.62 236568 12.21 541125 28.86

293



At 5 metres depth, the total number of algal ceils was 1250 x lO^cellsJ'l, of which 

97.8% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(64.37% of the total biomass). Skeletonema costatum was by far the dominant species 

being present in numbers of 687.5 x lO^cells.l'i, which accounted for 55% of the total 

biomass. The diatoms Amphora spp., Coscinodiscus spp., Navicula spp. and 

Nitzschia spp. were present in numbers not exceeding 62.5 x lO^cells.l'^ (Table, 3. 4.

56.). Green flagellates represented 35.62% of the total population.

At station 9 (surface), the total number of algal cells was 1937.5 x lO^cells.l'^ of which 

98.15% were truly planktonic species and the rest were benthic. Diatoms were 

dominant (87.14% of the total biomass). S. costatum was by far the dominant species, 

being present in numbers of 1453 x lO^cells.l'^ which accounted for 75% of the total 

population. The diatoms Amphora spp., Chaetoceros spp., Coscinodiscus spp., 

Navicula spp. and Nitzschia spp. were present in numbers not exceeding 116.2 x 

lO^cells.l'^. Also present were green flagellates (12.21% of the total ).

At 5 metres depth, the algal biomass was 1875 x lO^cells.k^, of which 98% were truly 

planktonic species and the rest were benthic. Diatoms were dominant (71% of the total 

biomass). S. costatum was by far the dominant species, being present in numbers of

993.7 X lO^cells.l"^ which accounted for 53% of the total biomass. The diatoms 

Amphora spp., Coscinodiscus spp., Diatoma spp., Gomphonema spp., Leptocylindrus 

danicus, Navicula spp., Nitzschia spp. and Thalassiosira nordenskioldii were present 

in numbers not exceeding 75 x lO^cells.l'l (Table. 3. 4. 56.). Also present were green 

flagellates (28.86% of the total quantity).

A further increase in the total number of algal cells was observed on 22nd April. 

Diatoms remained as the dominant fraction o f the population, with Skeletonema 

costatum as the dominant species. The only other fraction of the population observed 

the green flagellates. Again, the contribution of the green flagellates to the total
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biomass of the population was higher for samples collected from 5 metres depth at both 

stations than for samples collected from the surface.

At station 11 (surface), the total number of algal cells was 1875 x lO^cells.l \  of which 

97.8% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(83.75% of the total biomass). S. costatum was by far the dominant species of the 

population, being present in numbers of 1368.7 x lO^cells.l'^ which accounted for 73% 

of the total biomass. The diatoms Chaetoceros spp., Coscinodiscus spp., Diatoma spp., 

Leptocylindrus danicus, Nitzschia spp., Nitzschia bilobata and Thalassiosira 

nordenskioldii were present in numbers not exceeding 75 x lO^cells.l'i (Table. 3. 4,

57.). Also present were green flagellates (16.25% of the total quantity).

At 5 metres depth, the total number of algal cells was 1750 x lO^cells.l ^  of which 

96.7% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(66.875% of the total biomass). S. costatum was by far the dominant species, being 

present in numbers of 962.5 x lO^cells.l'l, which accounted for 55% of the total 

biomass. The diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, 

Navicula spp., Nitzschia spp., Nitzschia bilobata and Thalassiosira nordenskioldii 

were present in numbers not exceeding 35 x lO^cells.l'HTable. 3. 4. 57.). The green 

flagellates were also present (33.12% of the total population).

At station 9 (surface), the total number of algal cells was 2185 x lO^cells.l'^, of which 

98.9% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(88.9% of the total biomass). 5. costatum was by far the dominant species, being 

present in numbers of 1682.4 x lO^cells.l"^, which accounted for 77% of the total 

biomass. The diatoms Chaetoceros spp., Coscinodiscus spp., Leptocylindrus danicus, 

Navicula spp., Nitzschia spp., Nitz hia bilobata and T. nordenskioldii were present in 

numbers not exceeding 109.4 x lO^cells.l'l (Table. 3. 4. 57.). Also present were green 

flagellates (11.1% of the total population).
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Table. 3.4.  57. The number of algal cells (b )̂ and their percentages, for 22nd April 1987, are summarised
in the following table.

P = planktonic. B = benlhic. n = number of algal cells. % = percentage of different algal cells.

Station 11 Station 9

S 5m S 5m

n % n % n % n %

Diatoms
Chaetoceros spp (?) 18750 1 - - 21850 1 - -

Coscinodiscus spp (?) 75000 4 35000 2 109250 5 74375 3.5
Diatoma spp (B) 18750 1 35000 2 - - 21250 1
Leptocylindrus 
danicus (?)

937 0.5 17500 1 21850 1 42500 2

Navicula spp (?) - - 17500 1 21850 1 - -

Nitzschia spp (B) 20625 1.1 26250 1.5 21850 1 31875 1.5
Nitzschia 
bilobata (B)

20629 1.1 31500 1.8 24035 1.1 14875 0.7

Skeletonema 
costatum (?)

1368750 73 962500 55 1682450 77 1275000 60

Thalassiosira 
nordenskioldii (?)

37500 2 35000 2 328 1.5 53125 2.5

Other flagellates
Green
flagellates (?)

304687 16.25 52838 33.12 242535 11.1 613275 28.86
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At 5 metres depth, the total number of algal cells was 2125 x lO^cells.l'^ of which 

97.8% were truly planktonic species and the rest were benthic. Diatoms were dominant 

(71.14% of the total biomass). Skeletonema costatum was by far the dominant species, 

being present in numbers of 1275 x lO^cells.l"!, which accounted for 60% of the total 

biomass. The diatoms Coscinodiscus spp., Diatoma spp., Leptocylindrus danicus, 

Nitzschia spp., Nitzschia bilobata and Thalassiosira nordenskioldii were present in 

numbers not exceeding 74.37 x lO^cells.l'^ (Table. 3. 4. 57.). Green flagellates were 

also present, representing a substantial part of the population (28.86%).
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3 .5 . Carbon fixation studies:

3. S. 1. Laboratory incubation:

The carbon fixation rates for the total phytoplankton are shown in Figs. 3 .5 . 1. and 3.

5. 2. and the percentage contribution of different fractions of phytoplankton to total 

carbon fixed are shown in Fig. 3. 5. 3, while the actual values are summarized in Tables 

3. 5. 3. and 3. 5. 4.

The measurement of the amount of carbon fixed by the total phytoplankton started from 

10 March, 1986 and continued until 22 April, 1987. All these measurements were 

based on laboratory incubations, (see Materials and Methods), which in addition -j-o 

showing the amount of fixation on each date of sampling, indicated the potential 

photosynthetic capacity of suspended algae.

In situ measurements were carried out at station 11 for surface, 1 metre, 5 metres and 

10 metres depth samples on 8 and 22 April, 1987. Two sets of measurements were 

made, one involving the total phytoplankton, the other to assess the contribution of the 

major fractions after filtration through nylon nets of mesh size 20 and 10 pm, and 

finally using a membrane filter of 0.45 pm pore size; these data are summarized in 

Tables 3 . 5 . 2 .  and 3. 5. 3.

The values of carbon fixed as observed in laboratory incubations during the spring of 

1986 ranged between 4 - 299 mg C m'^. h'^ for stations 11 and 9 respectively. 

Hicjhér fixation^ were found at the latter station at most times.

During the spring diatom increase carbon fixation levels for samples collected from the 

surface increased from 6,7 mg C m'^. h'^ on 10 March to 55 mg C m'3. h 'l on 19 

March at station 11 and from 4 mg C m-3. h 'l on 10 March to 105 mg C m* .̂ h 'l at 

station 9. For 5 metres depth samples the production levels increased from 6.4 mg C 

m-3. h 'i on 10 March to 35.5 mg C m-3, h 'l on 19 March at station 11 and from 6 mg
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c  m‘ .̂ h‘l on 10 March to 46 mg C m'^. h 'i on 19 th of March at station 9. A decrease 

in surface levels with an accompaying increase at 5 metres was observed onjMarch. 

Samples collected from the surface showed production values of 32 mg C m'^ . h 'l 

from station 11 and 43 mg C m'^. h 'l from station 9; at 5 metres depth the levels were 

43 and 52 mg C m-3. h 'l for stations 11 and 9 respectively.

Higher photosynthetic activity levels were measured at both stations for samples 

collected from the surface on 2 April, being the highest at station 11, with 299 mg C 

m'3, h 'l. At the same time for station 9 the highest value was obtained from samples 

collected at the surface (258 mg C m'3. h 'l). For samples collected from 5 metres depth 

photosynthetic activities at this time were low in comparison with the surface values (18 

and 2 mg C m'3. h 'l at stations 11 and 9 respectively).

On the 9 April, for samples collected from the surface production levels decreased 

sharply to 27 and 51 mg C m'3. h 'l at stations 11 and 9 respectively, higher levels being 

recorded at the same time at 5 metres (35 and 44 mg C m'3. h 'l at stations 11 and 9 

respectively). A further decrease in fixation values was recorded on 23 April with 

quantities ranging from 13 to 17.8 mg C m-3, h 'l for samples collected from surface and 

5 metres depth, with slightly higher levels observed for samples collected from surface.

Despite a slight increase in the photosynthetic output levels recorded for samples 

collected from station 11(5 metres) and station 9 (surface), fixation values remaind low 

on 7 May, on this date samples collected from the surface showed production levels of

11.7 mg C m'3. h 'l from station 11 and 21.4 mg C m'3. h 'l from station 9. At 5 metres 

depth the levels were 21.4 and 5 mg C m'3. h 'l for stations 11 and 9 respectively, the 

value found at the latter station represented the minimum post-peak level.

During the rest of the summer months the carbon fixation rates for the total 

phytoplankton population fluctuated between high and low levels.
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Maximum production values for the year 1986 were observed in the samples collected 

from the surface at stations 11 and 9 on 4 th of June being the highest at station 9 with 

fixation levels of 766.7 and 599 mg C m'3. h 'l for station 11. At 5 metres depth the 

levels were 264 and 418 mg C m-3. h 'l for sam ples collected from stations 11 and 9 

respectively.

On the 18 June carbon fixation levels declined sharply. The higher levels were 

observed with samples collected from the surface at both stations, 58 and 46 mg C m-3. 

h 'l for stations 11 and 9 respectively. For samples collected from 5 rr^es depth the 

production levels were 9.4 and 28.4 mg C m-3. h 'l for station 11 and 9 respectively.

On 2 July an increase in the photosynthetic activity was observed at 5 metres depth only 

(159 mg C m-3. h 'l for samples collected from station 11 and 208 mg C m'3. h 'l for 

samples collected from station 9). For samples colleected from surface the levels of 

fixation were lower (24.6 and 25.3 mg C m'3. h 'l for stations 11 and 9 respectively). 

On 16 July slightly higher production levels were recorded for samples collected from 

the surface (47.7 mg C m'3. h 'l from station 11 and 45 mg C m'3. h 'l from station 9); 

for samples collected from 5 metres depth the fixation levels were 12 and 73 mg c m'3. 

h 'l for stations 11 and 9 respectively.

A second summer major increase in carbon fixation levels was measured at both 

stations and at both depths on 30 July, being the highest at the surface for station 9 (402 

mg C m '3. h 'l), compared with 389 mg c m '3. h'l at station 11. Samples collected from 

5 metres depth showed fixation levels of 389 and 356 mg C m'3. h 'l for stations 11 and 

9 respectively.

Equally comparable high levels of algal production were recorded on 15 August. 

Samples collected from the surface showed carbon fixation levels of 359 mg C m'3. h 'l 

from station 11 and 420 mg C m'3. h 'l from station 9; for samples collected from 5
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metres depth production levels were of a similar order (393 and 375 mg C m '3.h'l for 

stations 11 and 9 respectively).

$
During the autumn months the maximum photosynthetic output/jWere recorded on 10 

September when they were comparable to those obtained in the spring . The highest 

activity levels were recorded at station 11 in which samples collected from surface 

showed carbon fixations of 343 mg C m'3. h 'l compared with 136 mg C m'3. h 'l from 

station 9. For samples collected from 5 metres depth fixation levels were 180 and 158.5 

mg C m-3. h 'lfor stations 11 and 9 respectively.

A decrease in photosynthetic activity at both stations was recorded on 25 September, 

with the higher value at station 9. Surface samples showed production levels of 19 mg 

C m-3. h'l for station 11 and 45.4 mg C m'3. h 'l for station 9. For samples collected 

from 5 metres depth fixation levels were 14.4 and 33 mg C m'3. h 'l for stations 11 and 

9.

Higher levels of photosynthetic activity were recorded on 6 October, again being the 

highest at station 9. Samples collected from the surface showed carbon fixation levels 

of 39.4 mg C m'3. h 'l  from station 11 and 72.4 mg C m'3. h 'l for station 9. For 

samples collected from 5 metres depth fixation levels were of a similar order (41.8 and 

70.6 mg C m-3. h-1 for stations 11 and 9 respectively).

On 27 October at station 11 further higher total productivity levels were recorded for 

samples collected from 5 metres depth than those recorded for surface samples, 

although a much higher chlorophyll a value was recorded at surface. Photosynthetic 

output at this time were 52 mg C m'3. h 'l for surface samples and 112 mg C m'3. h'l 

for 5 metres samples collected from station 11. For samples collected from station 9 

productivity levels were much lower ^  at 5 metres depth (32 and 6.2 mg C m'3. 

h'l for samples collected from surface and 5 metres depth respectively).
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Low carbon fixation levels were reached at both stations by November 12th; carbon

fixation levels were in the range 0 - 1 3  mg C m-3. h 'f

Dark fixation was normally low representing only a few percentages of the light

fixation except during a period in February 1987, when the dark fixation levels were
e  £/.

higher than those of the light (Table. 3. 5. 1.). This may be explained by the absorption
Ilf

of C on detritus which formed a large part of the suspended matter at this time of the 

year, or alternatively that the high dark fixation was due to heterotrophic bacterial 

uptake, possibly attached to the detrital material.

Table. 3 .5 . 1. Dark and light fixation levels, February 17th, 1987 (mg C m‘3. h 'l)

Station 11 Station 9

Light Dark Light Dark

Surface 7.20 7.85 6.57 7.30
5 metres 7.65 9.50 7.70 8.57

Spring fixation levels started to be observed from 11 March, the levels ranging between 

37 - 42 mg C m-3. h i at both stations. Productivity values showed a gradual increase 

throughout March and April to reach maximum levels on 22 April, the higher 

production values being measured at both stations from the 5 metres depth samples, and 

highest at station 9. At this time the surface samples showed fixation levels of 320 mg 

C m-3. h'l for station 11 and 350 mg C m'3. h i for station 9; for samples collected 

from 5 metres depth the photosynthetic activity levels were 343 and 360 mg C m'3. h 'l 

for stations 11 and 9 respectively.

3. 5. 2. In situ fixation:

In situ incubation was carried out for samples collected from surface, 1 metre, 5 metres 

and 10 metres depth at station 11 on the 8 and 22 of April (Table. 3. 5. 2.).

302



Table. 3 .5.2.  In situ based fixation levels measured at station 11 (mg C m’3. h'l)

Depth 8 April 22 April

Surface 8.63 149.6
1 metre 15.62 249.2
5 metres 15.28 14.27
10 metres 8.38 00.00

From these results, higher in between depth variations in carbon fixation were recorded 

on 22 April as compared with those levels obtained on 8 April. This could be attributed 

to the much higher algal biomass present on 22 April at the upper layers of the water 

column which affected the light penetrability into the deeper waters, which in tjrn 

caused the much lower photosynthetic activity recorded at 5 and 10 metres depth.

On 8 and 22 April, because of the near to optimum conditions in which the laboratory 

incubations were carried out for samples collected from surface and 5metres depth, as 

expected the levels of fixation obtained through the in situ measurements were lower.
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Fig. 3 .5 . 1. Laboratory based carbon fixation rates with surface 

and 5 metres samples. Station 11.

From 10.3.1986 to 22.4.1987, (mg C m-3. h"i).
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Fig, 3 .5 .2 . Laboratory based carbon fixation rates with surface 

and 5 metres samples. Station 9.

From 10.3.1986 to 22.4.1987, (mg C m-3. h‘l).
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3. 5. 3. Discussion:

The fixation values recorded during this study varied significantly at the different 

seasons. The productivity levels did not show a good correlation with the total number 

of algal cells during the same period but tended to follow more closely the chlorophyll a 

values. This was most evident during the summer of 1986.

During 10, 19 and 26 March the photosynthetic output levels were low a^chlorophyll a
lig

and the total number of algal cells. The highest C fixation for this period was

recorded on 19 March for samples collected from station 9 at surface (105 mg C m-3.

h"^), at this date 2.2 mg chlorophyll a. m'3 was found and the total number of algal cells

84.6 X 103. I'l^ those biomass levels (chlorophyll a levels and the total number of algal

cells) did not represent the maximn- . for this period. The maximum chlorophyll a

and total number of algal cells for this period were observed on 26 March when lower

photosynthetic activity levels than those found on 19 March were recorded (see. Figs. 3.

3. 3., 3. 3. 7., 3. 4. 2. and 3. 4. 4.).

On 2 April the maximum fixations for the spring were recorded for samples collected 

from the surface at stations 11 and 9, coinciding with the total number of algal cells and 

chlorophyll a levels which represented the maximum_for this period.

Although there was a decrease in chlorophyll a levels an increase in the photosynthetic 

output was recorded for samples collected from both stations at 5 metres depth on 9 

April coinciding with similar increase in the total number of algal cells, whilst on 23 

April although a further increase in the total number of algal cells was observed for 

samples collected from station 11 at 5 metres depth and from station 9 at both depths, 

accompanied by an increase in chlorophyll a levels at both stations, at both depths, a 

decrease in fixation was recorded. This low photosynthetic activity could be an 

indication that the population at this time was made up of unhealthy cells.
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During the summer months the changes in carbon fixation levels from high to low and 

vice versa, directly correlated to the changes in chlorophyll a levels, not so with the 

total number of algal cells.

The highest levels of productivity observed during this study were those recorded on 

the 4 June, for samples collected from station 11 at surface and from station 9 at surface 

and 5 metres depth, coinciding with a noticeable pulse in chlorophyll a levels, at the 

same time relatively low total numbers of algal cells was observed. Although higher 

chlorophyll a levels were found for samples collected from station 11 at 5 metres depth 

than that at surface, much higher photosynthetic activity was recorded from samples 

collected at the surface.

On 18 June, a sharp decrease in fixation levels accompan ed by a similar decrease in 

chlorophyll a levels and in the total number of algal cells was recorded.

On 2 July, when much higher 5 metres fixation levels were recorded, similaPiy much 

higher 5 metres chlorophyll a levels and total number of algal cells were recorded.

Equally comparable high productivity values were recorded at both stations at both 

depths on 30 July and on 15 August, which represented a second summer major 

increase with levels of fixation ranging from 355 - 401 mg carbon, m'3 being the 

highest at the surface for station 9, coinciding with a noticeable pulse in chlorophyll a 

levels and in the total number of algal cells.

On 10 September, maximum levels of fixation for the autumn period were recorded, 

coinciding with chlorophyll a levels and the total number of algal cells.

During winter months a decrease in the photosynthetic output levels at both stations, at 

both depths which was closely paralleled |  the changes in chlorophyll a levels and 

the total number of algal cells recorded.
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The gradual increase in the levels of carbon fixed during the spring of 1987, in which 

the maximum values were obtained on 22 April for both stations, at both depths was 

closely correlated to a similar gradual increase in chlorophyll a levels and in the total 

number of algal cells in which the maximum for both was recorded at the same date as 

that of the productivity.

For the in situ measurements the highest levels of photosynthetic activity were recorded 

at 1 metre depth, the levels decreased with the increase of depth coinciding with the 

changes of chlorophyll a levels at each depth.

Whilst it must be acknowleged that the laboratory incubations are not true indicators of 

what occurs in nature, these measurements can be indicators of the photosynthetic 

potential of a population when subjected to more favourable conditions of light and 

temperature. The data obtained in these experiments would seem to justify this view.
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3. 5. 4. Carbon fixation studies and size fractions of phytoplankton:

In this study the levels of carbon fixation were measured for six size fractions (>100 

pm, >50 to <100 pm, >20 to <50 pm, >10 to<20 pm, >5 to <10 pm and >0.45 to <5 

pm) of phytoplankton populations from surface and 5 metres depth at stations 11 and 9. 

The fractions can be classified into two main groups; small, solitary forms passed by 20 

pm mesh screen (Nanoplankton including Picoplankton) (<1 pm) and chain - forming 

diatoms or large - celled diatoms and dinoflagellates that were retained by 20 pm mesh 

screen (Net plankton). In the process of determining the contribution of different size 

fractions to the total carbon fixed by using the same amount of water sample (120ml) 

used to measure the total phytoplankton production proved unsatisfactory, due to the 

very low levels of production measured, often being unmeasurable. To overcome this 

problem the quantity of water samples used for fractionation ranged between 1 - 2  

litres. Resuspension of these separate fractions was then made in 148 ml incubation 

bottles, using previously membrane filtered sea water. In consequence the incubation 

data will differ from those obtained in situ and in laboratory incubations in which the 

natural populations of mixed sizes were used.

Measurements were made from 15 August, 1986 to 8 April, 1987, using the method 

described on p. 59. Carbon fixation was measured after laboratory incubations. Results 

are summarized in Tables 3. 5. 3. and 3. 5. 4., and Fig. 3. 5. 3.

August 15,1986:

At this time the net plankton production accounted for most of the carbon fixed with 

quantities ranging from 60 - 11% of the total at both stations.

For samples collected from station 11 the contribution of the net plankton fraction was 

higher at 5 metres depth than that at the surface, while for samples collected from 

station 9 the contribution of the same fraction was higher at surface than that at
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Table. 3. 5. 3. Amount of carbon fixed by the different fractions of phytoplankton at station 11
( all based on laboratory incubations )

( mg carbon m'3. h 'l )

The size of different phytoplankton fractions in ( pm )

Depth >100 >50<100 >20<50 >10<20 >5<10 >0.45<5

Date
S 82.0 163.0 178.0 105.0 50.0 58.0

15.8.86
5 m 80.0 172.0 188.0 55.0 34.0 42.0
S 80,0 156.3 167.5 103.2 41.5 52.0

10.9.86
5m 74.3 195.5 164.7 32.4 31.0 39.2
S 4.55 12.3 67.6 22.3 18.4 45.0

25.9.86
5m 5.3 30.5 23.7 11.5 16.4 15.2
S 34.8 14.3 24.8 14.7 18.3 14.0

6.10.86
5m 19.7 10.3 9.7 4.3 24.2 6.6
S 3.0 16.7 35.8 29.0 24.0 35.0

27.10.86
5m 9.7 14.8 41.7 33.0 21.3 35.0
S 0.0 0.0 0.0 0.0 25.5 3.2

12.11.86
5m 0.0 0.0 0.0 0.0 16.0 7.6
S 0.0 0.0 0.0 0.0 24.8 4.8

23.12.86
5m 0.0 0.0 0.0 0.0 19.3 4.0
S 1.2 3.2 4.0 1.6 24.0 4.0

22.1.87
5m 0.4 6.4 2.4 0.0 14.0 8.8
S 1.2 3.2 5.6 3.2 25.6 5.6

17.2.87
5m 3.2 6.4 4.0 1.6 15.2 10.4
S 23.0 3.0 29.9 27.0 22.0 23.0

11.3.87
5m 23.0 2.9 30.9 29.0 17.0 21.0
S 20.6 3.0 28.4 26.2 21.0 22.0

18.3.87
5m 21.8 2.6 30.0 27.0 17.0 23.0
S 27.0 4.0 31.0 29.7 23.9 24.7

25.3.87
5m 22.4 0.0 34.2 30.5 17.3 23.9
S 32.0 6.0 40.0 36.0 30.0 38.0

8.4.87
5m 30.0 4.0 42.0 36.0 29.0 35.0

S = Surface and 5m = 5 metres.
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Table. 3 .5 .4 . Amount of carbon fixed by different fractions of phytoplankton at station 9
( all based on laboratory incubations )

( mg carbon m h ^ )

The size of the different phytoplankton fractions in ( pm )

Depth >100 >50<100 >20<50 >10<20 >5<10 >0.45<5

Date
S 78.0 154.0 164.0 103.0 43.0 52.0

15.8.86
5m 62.0 117.0 77.0 78.0 43.0 49.0
S 52.9 78.2 59.6 144.9 14.3 22.4

10.9.86
5m 63.0 120.3 70.4 70.55 42.3 48.0
S 4.0 9.6 57.45 1.6 108.3 4.3

25.9.86
5m 9.0 6.36 8.1 6.6 11.87 13.7
S 37.0 14.86 29.0 11.78 17.7 16.5

6.10.86
5m 24.78 6.0 12.2 17.2 23.2 10.0
S 8.4 11.5 37.5 25.75 19.8 29.7

27.10.86
5m 5.9 6.2 34.9 30.0 22.0 30.2
S 0.0 0.0 0.0 0.0 16.44 6.8

12.11.86
5m 0.0 0.0 0.0 0.0 10.7 1.73
S 1.6 1.6 0.0 0.0 14.4 4.0

23.12.86
5m 0.0 0.0 0.0 0.0 8.0 1.6
S 2.0 4.8 4.4 7.6 9.2 3.6

22.1.87
5m 1.6 5.2 4.8 1.6 7.2 3.2
S 4.0 8.0 7.2 4.4 16.4 5.6

17.2.87
5m 5.2 8.8 6.4 2.4 11.2 6.4
S 24.5 2.85 34.0 32.0 12.0 25.0

11.3.87
5m 26.0 3.9 25.9 28.0 14.9 22.8
S 22.7 4.25 32.75 31.0 11.8 23.0

18.3.87
5m 22.2 4.5 25.7 27.8 14.0 20.5
S 29.2 0.0 38.2 38.7 14.0 29.5

25.3.87
5m 34.2 3.1 27.34 32.0 17.8 29.2
S 35.0 5.0 41.0 38.0 32.0 40.0

8.4.87
5m 31.0 2.8 40.0 35.0 27.0 36.0

S = Surface and 5 m -  5 metres depth.
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5 metres depth. For station 11 (surface) the net plankton accounted for 66.5% of the 

total production, with the >50<100 and >20<50 pm fractions making the major 

contribution in about equal amounts. Of the 33.5% fixation by the nanoplankton, about 

half lay in the > 10<20 pm size fraction, with the lesser fractions each making about 

equal contributions.

At 5 metres depth the net plankton population accounted for 77% of the photosynthetic 

activity, with the three fractions making almost equal contributions. The <20 pm size 

groups showed that most of its production occured in the > 10<20 pm size, with smaller 

amounts, almost of equal proportions, in the smaller fractions.

At station 9 the fixation quantities for the different fractions were of the same order as 

at station 11, with the net plankton accounting for 66.7% of the total photosynthetic 

output, with the larger quantities in the >50<100 pm and >20<50 pm size fractions. 

With the nanoplankton, there were almost equal amounts of fixation in the >0.45<5 pm 

and >5<10 pm fraction, but with the greater quantity in the >10<20 pm size fraction.

September 10,1986:

Again the net plankton population accounted for most of the total production (61 - 

80.87%) with the exception of the levels obtained for samples collected from the 

surface at station 9 (51.2% of the total). The highest levels by the net plankton 

population were observed for samples collected from station 11 at both depths. For 

samples collected from stations 11 and 9 the contribution of the net plankton population 

was higher at 5 metres depth than that at the surface. The greatest measured production 

levels for the net plankton population were in the >50<100 pm and >20<50 pm size 

fractions, whilst the greatest fixation level for the nanoplankton population was in the 

> 10<20  pm fraction.
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At station 11 (surface) the net plankton accounted for 67.23% of the total 

photosynthetic activity, of which again the >50<100 and >20<50 pm fractions were the 

major contributors in about equal amounts. Of about 32.77% fixation by the 

nanoplankton population more than half was carried out by the > 10<20 pm fraction, 

with the lesser fractions each making about equal contributions.

At 5 metres depth the net plankton population accounted for 80.87% of the total 

production, with the >50<100 and >20<50 pm fractions making the major contribution, 

of which that of the former fraction was slightly higher. Half the amount of 

photosynthetic activity by the nanoplankton population (19.1% of the total) was by the 

> 10<20 pm fraction, with the other two smaller fractions accounting for the other half, 

of which the contribution of the >0.45<5 pm fraction was slightly higher.

For samples collected from station 9 (surface) the contribution of the net -plankton 

population was much lower than that observed for samples collected from station 11 

(surface), (51.2% of the total production). The largest levels of activity by the net 

plankton population was in the >50<100 pm and the smallest was in the >100 pm size 

fraction. With the <20 pm size group most of its carbon fixation occurred in the 

> 10<20 pm fraction, with smaller amounts, almost of equal proportions, in the smaller 

fractions.

At 5 metres depth the net plankton population accounted for 61.1% of the total 

photosynthetic output, of which there was equal amounts in the >100 and >20<50 pm 

fractions, but with a slightly greater quantity in the >50<100 pm size fraction. With the 

nanoplankton population the greater activity was recorded for the > 10<20 pm size 

fraction, with the other two smaller fractions each making about equal contributions.
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September 25,1986:

An increase in the contribution of the nanoplankton population to the total 

photosynthetic activity was recorded at this date mainly for samples collected from 

station 9 at both depths. Most of the activity by the net plankton population was 

attributed to the >20<50 pm fraction, whilst the greatest measured production level for 

the nanoplankton population was in the >0.45<5 pm fraction.

For station 11 (surface) the net plankton accounted for 49.64% of the total 

photosynthetic output, with the >20<50 pm fraction showing the most activity; much 

smaller levels of activity were carried out by the >100 and >50<100 pm fractions, of 

which the amount fixed by the former was the lowest. Of the 50.3% fixation by the 

nanoplankton, slightly more than half lay in the >5<10 pm fraction, with the lesser 

fractions each making about equal contributions.

For samples collected from 5 metres depth the net plankton population accounted for 

58% of the total production, with the >50<100 and >20<50 pm fractions making the 

major contribution, of which the former fraction contribution was slightly higher. Of 

about 42% fixation by the nanoplankton, all the fractions made about equal 

contributions.

Although lower levels of contribution by the net plankton population were recorded for 

samples collected from station 9 at surface and 5 metres depth, the productivity 

percentages for the different fractions were more or less of the same order as at station 

11. At the surface the net plankton population accounted for 38.35% of the total 

production, with most of the fixation carried out by the >20<50 pm size fraction. With 

the nanoplankton population almost all the photosynthetic activity was carried out by 

the >5<10 pm size fraction.
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For samples collected from 5 metres depth, almost equal contributions to the total 

productivity were made by the different size fractions of the net plankton population, 

which accounted for 42.1% of the total carbon fixed. The nanoplankton population 

accounted for 57.8% of the total, with the >5<10 and >0.45<5 pm size fractions making 

the major contribution in about equal amounts.

October 6,1986:

The net plankton population was re-established as the major contributor to the total 

carbon fixed for samples collected from surface at both stations. More or less equal 

levels of activity by the net plankton and nanoplankton populations was recorded for 

samples collected from 5 metres depth at both stations.

The greatest measured production levels for the net plankton population was in the 

>100  pm fraction in comparison to the previous dates when the highest net plankton 

levels of fixation were recorded in the >20<50 pm size fractions. The greatest 

measured production levels for the nanoplankton population was in the >5<10 pm size 

fraction. The highest were those recorded for samples collected from 5 metres depth at 

both stations.

For samples collected from station 11 (surface) the net plankton population accounted 

for 61% of the total photosynthetic activity with the >100 and >20<50 pm size fractions 

making the major contribution, of which that of the former fraction was slightly higher.

The nanoplankton population accounted for 39% of the total carbon fixed, with the 

three fractions making almost equal contributions; the activity by the >5<10 pm size 

fraction was the highest.

At 5 metres depth of about 53% fixation by the net plankton, about half lay in the >100 

pm size fraction, with the lesser fractions each making about equal contributions. The
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nanoplankton population accounted for 47% of the total activity, with the >5<10 pm 

size fraction making the major contribution and the lesser two fractions each making 

about equal contribution.

At station 9 the fixation quantities for the different fractions were of the same order as 

that at station 11, with the net plankton accounting for 63.7% of the total productivity 

for samples collected from surface, with the larger quantities in the >100 and >20<50 

pm size fractions. With the nanoplankton, there was about equal amounts of fixation in 

the >5<10 and >0.45<5 pm size fractions, but with smaller quantities in the >10<20 pm 

size fraction.

For samples collected from 5 metres depth, the net plankton population accounted for 

51.57% of the total activity, of which most was contributed to the >100 pm size 

fraction, whilst the levels fixed by the >50<100 pm size fraction were half of those for 

the >20<50 pm size fraction. More than half of the activity by the nanoplankton 

Occurred in the >5<10 pm, with the smallest amount occurred in the >10<20 pm 

fraction.

October 27,1986:

From this date and throughout the autumn and winter months whilst minimum overall 

fixation values were obtained, the nanoplankton population accounted for most of the 

total carbon fixed, with quantities ranging from 56.7 - 100% of the total production.

On the 27 th of October the nanoplankton population succeeded the net -plankton as the 

major contributor to the total photosynthetic output, with levels of fixation ranging 

from 56.73 - 63.67% of the total.

At station 11 higher levels of production by the nanoplankton population was recorded 

for samples collected from the surface than for those collected from 5 metres depth,
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while for samples collected from station 9, levels of fixation by the nanoplankton 

population was higher at 5 metres depth than at the surface.

Although the <20 pm fractions contribution to the total carbon fixed was higher than 

that of the >20 pm fractions at both stations, the greatest measured production level was 

by the net plankton cells which were >20<50 pm.

For station 11 (surface) the net plankton accounted for 38.6% of the total 

photosynthetic activity, with the >50<100 and >20<50 pm size fractions making the 

major contribution, in the latter the levels were higher. The nanoplankton fractions 

accounted for 61.38% of the overall activity, of which the largest levels of fixed carbon 

were in the >0.45<5 pm size group and the lowest in the >5<10 pm size group, with 

about 4% difference between the contribution of the three size groups making up the 

nanoplankton population.

At 5 metres depth the net plankton population accounted for 42.53% of the total 

production, with the >20<50 pm size fraction making the major contribution. The 

nanoplank^on accounted for 57.47% of the total fixation, with the >10<50 and >0.45<5 

pm size fractions making the major contribution in about equal amounts.

At station 9 (surface) the net plankton population accounted for 43.27% of the overjill 

activity, with the >20<50 pm size fraction making the major contribution, with smaller 

amounts of about equal proportions, in the >100 and >50<100 pm size fractions.

The fixation quantities for the different fractions of the nanoplankton population Jmore

or less of the same order as at station 11, with the nanoplankton accounting for 

56.73% of the total production and with the larger quantities in the >10<20 pm and 

>0.45,5 pm size fractions, in the latter the levels were slightly higher.
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For samples collected from 5 metres depth, the net plankton population accounted for 

36.33% of the total productivity, with the >20<50 pm size fraction making the major 

contribution, with the other two fractions each making about equal contributions. The 

nanoplankton accounted for 63.97% of the total photosynthetic activity with the 

>12<20 and >0.45<5 pm size fractions making the major contribution in about equal 

amounts.

November 12 and December 23,1986:

The nanoplankton population accounted for all of the photosynthetic activity at both 

stations at both depths, with the exception of samples collected from station 9, at 

surface on 23 rd of December, in which the net plankton population accounted for 

14.8% of the total photosynthetic output, which was divided equally between the >100 

and >50<100 pm size fractions.

Most of the nanoplankton production was in the >5<10 pm size fraction, ranging from

66.6 - 88.9% of the total. The rest occured in the >0.45<5 pm size fraction.

January 22,1987:

Nanoplankton population accounted for most of the total photosynthetic activity, with 

the exception of samples collected from 5 metres depth at station 9 in which the 

nanoplankton and the net plankton populations each contributed in about equal amounts 

to the total productivity. The levels of production by the nanoplankton population were 

higher for samples collected from station 11 than from station 9. For samples collected 

from both stations, the contribution of the nanoplankton population was higher at 

surface than that at 5 metres depth, being the highest at station 11.

e>
For station 11 (surface), the net plankton population accounted for 22.1% of the total 

activity, with the >50<100 and >20<50 pm making the major contribution in about 

equal amounts. The <20 pm size groups showed that most of its activity occurred in
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the >5<10  pm size fraction, while the lowest levels of fixation occurred in the > 10<20 

pm size fraction.

At 5 metres depth, the net plankton population acccounted for 28.7% of the total 

productivity, with most of the fixation occurring in the >50<100 pm size fraction, 

w hilst the >20<50 pm size fraction accounted for most of the remainder of total carbon 

fixed by the net plankton population. The >20 pm size fractions accounted for 71% of 

the total productivity, with the >5<10  pm size fraction making the major contribution. 

The rest occurred in the >0.45<5 pm size fraction.

For samples collected from station 9 (surface), the net plankton population accounted 

for 35.3% of the total production, with the >50<100 and >20<50 pm size fractions 

making the major contribution in about equal amounts. The nanoplankton population 

accounted for 64.68% of the total carbon fixed, with the >10<20 and >5<10 pm size 

fractions making the major conüibution, of which the latter was slightly higher.

At 5 metres depth, the net plankton population accounted for half of the total 

production, with the >50<100 and >20<50 pm size fractions making the major 

contribution, of which that of the former was slightly higher. Of the other 50% fixed 

by the nanoplankton population more than half lay in the >5<10 pm size fraction, while 

in the >0.45<5 pm size fraction the quantities fixed were twice those in the >10<20 pm 

size fraction.

February 17.1987;

For samples collected from station 11, at both depths and station 9 ( surface ), the

nanoplankton population remained the major contributor to the total carbon fixed, 

whilst for samples collected from station 9 at 5 metres depth, the total levels of carbon 

fixed divided equally between net plankton and nanoplankton.
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For station 11 ( surface ), the net plankton population accounted for 22.5% of the total 

photosynthetic activity, with the greatest measured levels in the >20<50 pm size

fraction, whilst the lowest levels of activity occurred in the >100 pm size fraction. The
o

nanoplankton population accounted for 75.46% of the total pl^osynthetic output, with 

most of the activity in the >5<10 pm size fraction, while the >0.45<5 pm size fraction 

accounted for most of the remainder of the nanoplankton fixation.

At 5 metres depth the net plankton population accounted for 33.3% of the total 

production, with the largest measured production in the >50<100 pm size fraction, 

whilst the lowest levels of fixation occured in the fraction >100 pm. The nanoplankton 

population accounted for 66 .66% of the total carbon fixed, with the >5<10 and >0.45<5 

pm size fractions making the major contribution, of which the former fraction was 

higher.

For station 9 (surface), the net plankton population accounted for 42% of the total 

carbon fixed, with the >50<100 and >20<50 pm size fractions making the major 

contributions in about equal amounts. The greatest measured nanoplankton production 

level was in the >5<10 pm size fraction , and the lowest levels of fixation in the 

> 10<20  pm size fraction.

At 5 metres depth, the net plankton population accounted for 50.5% of the total 

productivity, with the greatest measured production levels y / ÿ n  the >50<100 pm size 

fraction, while the levels of fixation recorded for the >100 and >20<50 pm size 

fractions did not show a significant difference. The nanoplankton population accounted 

for 49.5% of the total fixation, with the greatest measured production in the >5<10 pm 

size fraction, whilst the lowest levels of fixation occurred in the > 10<20 pm size 

fraction.
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March 11,1987:

Although the levels of fixation by the nanoplankton population decreased, they 

remained slightly higher than those recorded for the net plankton population. For 

samples collected from station 11, the levels of fixation by the nanoplankton population 

were slightly higher in the surface samples than those at 5 metres depth, whilst for 

samples collected from station 9, the levels of productivity by the nanoplankton 

population were slightly higher at 5 metres depth than those recorded at surface.

For samples collected from station 11 ( surface ), the net plankton population accounted 

for 43.68% of the total productivity, with most of the fixation occurring in the >100 and 

>20<50 pm size fractions, in the latter being the highest. With the nanoplankton, there 

were almost equal amounts of fixation by the three fractions, despite the larger 

levels of production that were observed in the > 10<20 pm size fraction.

At 5 metres depth, the net plankton population accounted for 45.8% of the total 

photosynthetic activity, with most of the fixation occurred in the >100 and>20<50 pm 

size fractions, the latter being the highest. With the nanoplankton productivity, the 

largest production level occurred in the > 10<20  pm size fraction and almost equal 

amounts of fixation in the other two smaller fractions.

At station 9 at both depthj, the fixation quantities for the different fractions were more 

or less of the same order as at station 11, with the net plankton accounting for 47 and 

45.9% of the total productivity at surface and 5 metres depth respectively, with the 

larger quantities in the >100 and >20<50 pm size fractions, the latter being the highest. 

With the nanoplankton the largest levels of fixation occurred in the >10<20 and 

>0.45<5 pm size fractions, slightly higher in the former.
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March 18,1987:

Again the levels of fixation by the nanoplankton population remained slightly higher 

than those recorded by the net plankton population, with the exception of samples 

collected at 5 metres depth from station 9 in which more or less equal levels of fixation 

by both populations were recorded.

The fixation quantities for the different fractions at both stations and at both depths 

were more or less of the same order as those recorded on the 11th of March, with the 

>20 pm size fractions accounting for 42.8 and 45% of the total photosynthetic o u ^ u t  

for samples collected from station 11 at the surface and 5 metres depth respectively and 

47 and 50.4% of the total photosynthetic activity for samples collected from station 9 at 

the surface and 5 metres depth respectively, with the larger quantities in the >100 and 

>20<50 pm size fractions, in the latter being the highest, while the >50<100 pm size 

fraction contributed very little to the net plankton productivity. In relation to the 

nanoplankton fixation although the largest quantities occurred in the > 10<20 and 

>0.45<5 pm size fractions, the former were slightly higher. High levels of fixation by 

the >5<10 pm size fraction were recorded.

March 25,1987:

Again the levels of fixation by the nanoplankton population remained slightly higher 

than those recorded by the net plankton population at both stations and at both depths. 

More or less equal levels of production by the <20 pm size fractions were recorded for 

samples collected from both stations, at both depths.

Again the fixation qualities for the different size fractions at both stations, at both 

depths were more or less of the same order as those recorded on the 11th and 18th of 

March, with the exception of samples collected from station 11 at 5 metres depth and 

station 9 (surface), where no measurable fixation was carriet^by the net plankton cells 

which were >50<100 pm in size and which contributed very little to the net plankton 

production on the previous mentioned dates. The net plankton population accounted for
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44.3 and 44% of the total productivity for samples collected from station 11 at the 

surface and 5 metres depth respectively and for 45 and 44.9% of the total carbon fixed 

for samples collected from station 9 at the surface and 5 metres depth respectively, with 

the >100 and >20<50 pm size fractions making the major contribution, of which the 

larger occurred in the latter size fraction. In relation to the nanoplankton activity, 

although the largest quantities occurred in the >10<20 and >0.45<5 pm size fractions, 

in the former were higher, considerably large levels of fixation by the >5<10 pm size 

fraction being recorded; the largest was observed for samples collected from station 11 

(surface), almost equalling the level of of carbon fixed by the >0.45<5 pm size fraction.

April 8,1987:

Again the levels of nanoplankton productivity remained higher than those recorded by 

the net plankton population at both stations, at both depths.

Although there was a slight increase in the fixation levels by the nanoplankton 

population, which was accompanied by an increase in the contribution of the >0.45<5 

pm size fraction, again the fixation quantities for the different fractions at both stations 

at both depths were more or less of the same order as those recorded during the 

previous three sampling dates, with the >20 pm size fractions accounting for 42.86 and 

43.2% of the total activity for samples collected from station 11, at surface and 5 metres 

depth respectively and for 42.4 and 42.9% of the total production for samples collected 

from station 9 at surface and 5 metres depth respectively, with the larger quantities in 

the >100 and >20<50 pm size fractions, in the latter being the highest, while the 

>50<100 pm size fraction contributed very little to the net plankton production.

In relation to the nanoplankton activity, although the largest fixation levels occurred in 

the >10<20 and >0.45<5 pm size fractions, in about equal amounts, considerably higher 

levels of fixation by the >5<10 pm size fraction were recorded.
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Figure. 3 .5 .3 .  % of contribution to the total fixed by the different 

size fractions at surface and 5 metres depth.

Stations 11 and 9. From 15. 8 . 1986 to 8 . 4. 1987.
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3. 5. 5. In situ measurements:

For the in situ measurements which were carried out for samples collected from surface, 

1 metre, 5 metres and 10 metres depth at station 11 on the 8 th and 22nd of April, the 

contribution of three size fractions (>20 pm, >10<20 pm and >0.45<10 pm) to the 

total carbon fixation were measured (Table. 3. 5. 3.).

On the 8 April, for samples collected from surface and 5 metres depth all of the carbon 

fixation occured in the >0.45<10 pm size fraction.

For samples collected from 1 metre depth the nanoplankton population accounted for 

89.1% of the total photosynthetic activity, with most of this fixation in the >0.45<10 

pm size fraction, while the > 10<20 pm contributed very little to the nanoplankton 

production. The net plankton population accounted for 10.9% of the total production.

For samples collected from 10 metres depth, the <20 pm size groups . accounted 

for 99.68% of the total photosynthetic output, and that most occurred in the >0.45<10 

pm size fraction.

On the 22 April, the net plankton population (>20 pm) su cceed  the nanoplankton 

population as the major contributer to the total productivity for samples collected from 

surface (63.23%) and 1 metre depth (59.6%).

For samples collected from surface, the levels of carbon fixed by the nanoplankton cells 

which were >10<20 pm in size was half of that fixed by the > 0.45<10 pm cells. At 5 

metres depth, the nanoplankton population remained as the major contributer to the 

total productivity (87.36%), with the >0.45<10 pm size fraction making the major 

contribution. The net plankton population accounted for 12.6% of the total 

photosynthetic activity.
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At 10 metres depth, the net and nanoplankton populations contributed almost equally to 

the total productivity. The larger quantities of fixation by the nanoplankton population 

occurred in the >0.45<10 pm size fraction.

(Table. 3. 5. 5.)
Amount and % of fixed by the diffrent fractions of phytoplankton at station 11

( all based on in situ measurements )
( mg carbon m’3- h 'l )

The size of different phytoplankton cells ( pm )

Date Depth >20 % > 10<20 % >0.45<10 %

8.4.87 Surface 0.00 0.0 0.00 0.0 1.64 100
1 metre 0.70 10.9 0.25 3.8 5.56 85.3
5 metres 0.00 0 .0 0.00 0.0 24.0 100
10 metres 0.06 0.06 1.45 7.8 17.2 92.0

22.4.87 Surface 63.8 63.2 12.5 12.4 24.60 24.3
1 metre 76.9 59.6 6.40 5.0 45.70 35.4
5 metres 19.0 12.6 17.3 11.4 114.9 75.9
10 metres 6.70 52.5 2.50 19.7 3.500 27.7
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3. 5. 6. Discussion:

Under laboratory incubation conditions the fixation levels for both fractions were 

variable to a high degree. Nanoplankton production levels varied from 9.6 to 213 mg C 

m'3. h'^ whilst the net plankton production levels varied from undetectable to 434.4 mg 

C m-3. h-1.

During the late summer of 1986, on 15 August and 10 th of September when a large 

total phytoplankton production was observed (Figs. 3 .5 .  1. and 3. 5. 2.), the >20 pm 

size fraction accounted for most of the total photosynthetic activity, with the exception 

of samples collected from the surface at station 9 , when almost equal levels of fixation 

by the net and nanoplankton population were recorded.

The nanoplankton photosynthetic activity exceeded that of the netplankton, 

on 25 September, 1986 for samples collected from station 9, at both depths, with almost
Y

all the fixation occm^ng on the >5<10 pm size fraction for samples collected from 

surface, whilst most of the 5 metres fixation occurj^d in the >5<10 and >0.45<5 pm size 

fractions, in about equal amounts «

At the time of low algal biomass and low photosynthetic output, on average

nanoplankton population accounted for most of the total phytoplankton activity mainly 
/ /k

during/late autumn (on 27 October) and winter months, with most of the fixation 

occuring in the >5<10 pm size fraction (Fig. 3. 5. 3.). The complete nanoplankton 

production dominance recorded on 12 November and 23 December was associated

with mixing and upwelling events due to relatively high westerly winds reaching 13
r

knots. On the 27 th of October most of the net plankton production o c c u ^  in the 

>20<50 pm size fraction. On the 22 nd of January and 17 February most of the net 

plankton activity occurred in the >50<100 and >20<50 pm size fractions, with the 

former higher, the exception was in the sample collected from station 11, at surface on
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17 February the largest net plankton fixation level^recorded in the >20<50 pm size 

fraction.

Even during the spring diatom population increase the levels of carbon fixation of the < 

20  pm fractions still exceeded that of the >20  pm fractions despite the decline in the 

former population. The >10<20 pm size fraction contributed most to the nanoplankton 

production. In relation to the net plankton fixation the largest quantities occurred in the 

>100 and >20<50 pm size fractions,in the latter were higher.

The contribution of the picoplankton population (<1 pm) which was a part of the 

>0.45<5 pm size fractioi^to the total production levels was variable throughout the 

different seasons, as well as with stations and depth. The data obtained during this 

study, suggested that picoplankton can be responsible for significant proportions of 

primary production; generally picoplankton accounted for 5.86 - l l , 6%of the summer 

production, for 8.8 - 29.6% of autumn production, for 11.2 - 32.2% of the winter 

fixation and for 17.87 - 20.9% of the spring photosynthetic activity.

The in situ measurements showed that most carbon fixation occurred at 5 metres depth,

at the time of nanoplankton dominance (on 8 April), with most of the photosynthetic
r

activity occu^ng in the >0.45<10 pm size fraction.

At the time of the peak of the spring diatom biomass and photosynthetic activity on 22 

April, the net plankton population accounted for most of the total activity, with the 

exception for samples collected from 5 metres depth in which the nanoplankton 

population again accounted for most of the total algal production. Again most of the 

nanoplankton activity was attributed to the >0.45<5 pm size fraction.
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4. Comparative Discussion on Physico - Chemical and Biological Data:

Late spring 1984:

A declining spring population was observed. The maximum diatom numbers found 

during this period, for samples collected from the surface at station 11 was recorded on 

the 11 May (577 x 1Q3 cells. 1-1), whilst the maximum for the other sampling station, 

and for station 11, at 5 metres depth was recorded on 25 May (43 - 51 x 1Q3 cells, l ^). 

Those maxima were associated with the long sunshine hours recorded in the week 

previous to the day of sampling and with the formation of/thermocline caused by calm 

weather. In the week previous to the 11 May the total hours of sunshine were 67.7 

hours, whilst the total number of sunshine hours in the week previous to the 25 May 

were 45.8 hours. The mean daily wind speed recorded in the week previous to both 

dates of sampling were 9.1 and 8.6  knots. This spring diatom population was 

dominated by Skeletonema costatum and Thalassiosira nordenskioldii , with 

Coscinodiscus spp present in considerable numbers. Th&dmiovaNitzschiaseriata and 

green flagellates were observed only for samples collected on the 25 May, and 

constituted a large proportion of the total population. During this period the population 

was made up of truly planktonic species (Figs. 3. 4. 5. and 3. 4. 7.), with the largest 

number of benthic species being recorded on 25 May (32 - 44 % of the total 

population). This large number of benthic species could be attributed to the effect of 

high gusts of 34 knots and more which occurred on 22 May for two hours.

The chlorophyll levels were low for this time of the year (2.5 - 4 mg m-3); the climax of 

the spring chlorophyll increase having probably occurred prior to the beginning of the 

sampling dates. High phaeopigments levels (5 - 9 mg m-3) were recorded during this 

period. These conditions were reflected in the chromatographic data obtained during 

this period which showed some correlation with the quantitative measurements of 

chlorophyll and phaeopigments, also with the microscopic examination of samples 

collected during the same period. Thus the pigments that denoted the presence of living
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diatomsdncluding chlorophylls a and c, carotene, diadinoxanthin and fucoxanthin, in 

addition^jchlorophyll b and neoxanthin,^'definitive pigments of green alga^were present. 

The chlorophyll degradation products phaeophytin a and phaeophorbide a indicated 

possible feeding activity by copepods and other zooplankton; the presence of 

chlorophyllide a indicated chlorophyllase activity in senescent diatoms.

This spring diatom increase coincided with the decrease in nutrient levels, of which the 

minimum quantities were recorded on 25 May, with the exception of phosphate 

phosphorus minimum values for samples collected from both stations, at surface which 

were recorded on 11 May. The sharp decrease in nutrient levels on the 25 May might 

be due to the cumulative effect of consumption by the phytoplankton population. The 

nutrient levels recorded during this period were low, for dissolved silica ranging from 

0.32 to 2.2 pg at. T^, nitrate nitrogen from 0.03 to 2 pg at. I'l and phosphate 

phosphorus from trace quantitj to 0.58 pg at. i T

The change of season from winter to spring was indicated by the rising air temperature 

(Table. 3. 1. 1.), increasing sea surface temperature (Figs. 3. 1. 2.) and increasing 

number of hours of bright sunshine; the total number of sunshine hours during March 

were 70.6, during April were 196.8 and during May were 244.7 hours. The mean 

monthly wind speed recorded during April was 9.6 knots. The mean wind direction 

during the first six days of this month was north to north east, from 7 till 21 April the 

mean direction was west to north west whilst during the rest of the month the prevailing 

wind was again northerly to north easterly in direction. During May the mean monthly 

wind speed was 8.1 knots and the mean direction was south west to north west. The 

sampling site was open to winds from the west and south west, but protected from

winds to the north, south, south east and north east. Easterly winds can cause some
ed

disturbance, but the turbulent conditions follow westerly winds.
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Summer 1984:

On the 6 June an increase in the total number of diatom cells was observed (617 - 1028 

X 10"3 cells. 1-1) with the exception of samples collected from station 9 at surface(245 x 

10-3 cells. I'l). This increase in the size of the population might be attributed to the 

long hours of bright sunshine recorded in the previous 10 days (62.7 hours). The 

highest numbers were observed for samples collected from 5 metres depth at both 

stations with most of the population was made up of benthic species (52 - 100%) 

Nitzschia which succeeded Skeletonema costatum and Thalassiosira

nordenskioldii as the dominant species. This increase in benthic diatoms was probably 

due to the mixing oÇjWater column caused by the strong gusts recorded on 3rd and 5th 

of June, in which the wind speed exceeded 34 knots for 3 hours in total. A decrease in 

chlorophyll values was recorded (1,6 - 1.7 mg m-3), phaeopigments levels were 

unmeasurable, suggesting actively growing populations though small in size. A slight 

change in nutrient levels was recorded; trace quantities for dissolved silica, phosphate 

phosphorus ranging from 0.1 to 0.24 pg at. 1'̂  and nitrate nitrogen ranging from 0.77 to 

0.88  pg at. 1-T

A further increase in the algal biomass which represented the maximum measured for 

this period was observed on 20 June, in which the planktonic green flagellates 

succeeded diatoms as the dominant fraction of the population (98.6 - 99.4 % of the 

standing crop), most of the population was made up of truly planktonic species (99.6 - 

99.94 %). This was associated with the calm weather observed in the previous week, 

with wind speeds ranging from 3.6 to 10.7 knots. Observed for the first time, for 

samples collected from station 11 at surface was the dinoflagellate Ceratium tripos. 

The diatoms, including Achnanthes longipes, Coscinodiscus spp, Melosira spp, 

Navicula spp and Thalassiosira nordenskioldii, contributed very little to the total 

biomass. Again low levels of chlorophyll were recorded(0.87 - 1.3 mg m-3). Alsq^ 

phaeopigments levels remained low with values ranging from unmeasurable quantities 

to 0.72 mg m-3. Despite a slight increase in the dissolved silica levels (0.89 - 1.6 pg at.
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1'^) and^similar increase in nitrate nitrogen quantities for samples collected from station 

11 at 5 metres depth (1.64 pg at. 1'^), nutrient values remained lo\y, more or less 

equalling those recorded in the previous trip.

Low hours of sunshine were recorded in the week previous to the day of sampling (18.2 

hours). The total hours of sunshine during June were 169.1. On the day of sampling 

the air temperature was 1 l°c and sea surface temperature was 11.4®c.

During the rest of this period lower numbers of algal cells were observed with the

maximum for samples collected from both stations, at both depths were found on 11
/JU-

July (Figs. 3. 4. 1. and 3. 4. 3.). On the 11 July the size oÇ(population was relatively 

low (203 - 273 X 1Q3 cells. F^), diatoms were re-established as the dominant fraction of 

the population (99.5 - 100% of the total biomass), of which most were truly planktonic 

species, mainly Skeletonema costatum (75 - 89 % of the total population). Observed 

frequently were Coscinodiscus spp and Thalassiosira nordenskioldii and Melosira sp. 

Also present were the benthic diatoms Grammatophora marina, Rhabdonema 

arcuatum, Synedra spp and Synedra gaillonii, and the silicoflagellate Dictyocha 

speculum.

On 23 July green flagellates succeeded diatoms as the dominant fraction of the 

population (66.17 - 83.66 %) with the exception of samples collected from station 9, at 

surface, whilst the dinoflagellates Ceratium tripos and Protoperidinium spp were 

observed only for samples collected from 5 metres depth. Thalassiosira nordenskioldii 

succeeded Skeletonema costatum as the dominant diatom species, with the latter species 

being observed only for samples collected from 5 metres depth. The differential 

reduction may be partly a function of the faster sinking rates of Skeletonema (0.3 - 1.35 

metres per day) compared with Thalassiosira (0.5 - 0,7 metres per day) (Smayda, 

1970). Again most of the population was made up of truly planktonic species.
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On 11 July the decrease in the total number of algal cells was accompanied by a similar 

decrease in chlorophyll levels (0.24 - 0.33 mg m'3). Phaeopigment levels remained low 

(trace quantities - 0,22  mg m-3).

On 23 July although much lower numbers of algal cells were found (10.97 - 44.38 x 

103 cells. 1-1), relatively higher chlorophyll levels were recorded (0.49 - 2.5 mg m-3) 

majZy for samples collected from both stations, at 5 metres depth (1.6 and 2.47 mg m-3 

at stations 11 and 9 respectively), this could be attributed to the dominance of green 

flagellates over diatoms, which constituted the majority of the population in the 

previous date of sampling.

The only increase in nutrient levels recorded was for dissolved silica (1.46 - 3.56 pg at. 

1-1), of which the largest was found on 23 July. Phosphate phosphorus quantities 

remained low more or less equalling those recorded in the previous trips (0.3 - 0.37 pg 

at. I'l), whilst lower nitrate nitrogen values were found (trace quantities - 0.14 pg at. 

I'l) with the exception of that recorded for samples collected from station 11, at 

surface(0.82 pg at. l‘l) on 11 July.

In the week previous to the 11 July the total hours of sunshine were 56.2 hours, whilst 

in the week previous to the 23rd of the same month the total hours of sunshine were 

61.2 hours. The total hours of sunshine were 232.7 during this month.

In the /  dates of sampling (15 and 29 August) a slight increase in the total 

number of algal cells was recorded (81 - 191.43 x 1Q3 cells. I 'l) on 15 August and 

(129.77 - 247.45 x 1Q3 cells. 1'^) on 29 August. A much more mixed population was 

observed, of which diatoms remained dominant (88.8 - 96% of the algal biomass), with 

Skeletonema costatum as the dominant species(60 - 73% of the standing crop). 

Coscinodiscus spp was observed frequently on 15 August whilst T. decipiens and T. 

nordenskioldii were the most observed diatoms after Skeletonema. Also observed and
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for the first tim ^ were the diatoms i^iddulphia mobiliensis and Chaetoceros spp. The 

dinoflagellates Ceratium fuss C. fîtKca, C. tripos and Protoperidinium spp were 

observed at both dates, with the silicoflageiTF^i;’ speculum. Most of the 

population was made up of truly planktonic species(74 - 99 4^3 % of the total biomass). 

Although there was an increase in the total number of a lgarx^ lls  a decrease in

chlorophyll levels was recorded (0.05 - 0.5 mg m'3), which was prC^ably due to the
 ̂ \presence of a stressed population. The only increase in chlorophyll levels r ^ s  recorded 

for samples collected from both stations, at surface on 29 August (1.06 a n d ^ .3 4  mg. 

m'3 at stations 11 and 9 respectively) On 15 August phaeopigment levels exceedW  that 

of chlorophyll (0.1 - 0.34 mg m'3), with the exception of samples collected from station \  

9, at 5 metres depth (0.6 mg m'3), which indicated that the chlorophyll measured was 

associated with senescent diatoms and unhealthy algal cells; it could also be an effect of 

grazing by zooplankton. On 29 August phaeopigment levels were lower than that of 

chlorophyll (0.16 - 0.37 mg m'3), which indicated the recovery of the population.

The chromatograms obtained for samples collected during this period showed good

conelation with the microscopic examination and chlorophyll and phaeopigments

measurements for samples collected during the same period. Chlorophylls a and c,

carotene, diadinoxanthin and fucoxanthin were found, i.e., diatoms and chrysomonads

were present. Also found were chlorophyll b and neoxanthin which indicated the

presence of green algae, which conelated with the microscopic examination of samples

collected on 20 June and 23 July, where green flagellates succeeded diatoms as the

dominant fraction of the population. Astaxanthin, the copepod carotenoid and the 
r\

chlorophyll break down products phaeophytin a, phaeophorbide a and chlorophyllide a 

were found.

An increase in air temperature (Table. 3. 1. 1.), increase in sea surface temperature
asm

(Table. 3. 1. 2.), anc^increasing number of hours of bright sunshine (see appendix) 

were observed during this period. The monthly mean wind speed for the month of June
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was 11.2 knots and the mean direction was west to south w est. During the first 19 days 

of this month light to relatively strong winds were observed (3.6 - 16.8 knots) , during 

this period high gusts were recorded on 3 June (36 knots for 2 hours), on the sampling 

date 6 June (30 knots for 1 hour), which might explain the high percentages of benthic 

species found on the later date, also strong gusts were recorded on 12 June (34 knots or 

more for 6 hours). A windy period was also observed during the last 10 days of this 

month with daily mean velocity exceeding 16 knots and gusts of 34 knots and more 

recorded on 21, 22, 26 and 27 of June for a total of 20 hours, with the mean direction 

from west to north west. During July the monthly mean speed was 9.9 knots and the 

mean direction was south west to north west, whilst during August the daily mean speed 

was 9 knots and the wind direction was variable ranging from north east to south east 

and from south west to north west. The total sunshine hours recorded during August 

was 199,5.

Autumn 1984:

Highly mixed population was observed during this period, with most of the population 

made up of truly planktonic species (89.55 - 98.6 %). The autumnal phytoplankton 

increase was recorded on 19 September (181.7 - 291.9 x 10^ cells. 1-1) and was 

composed predominantly of diatoms (80.89 - 86.85 %). This increase in the total algal 

biomass might be an effect of the substantial increase in the nutrient levels during late 

summer [e.g on 29 August relatively high nutrient levels were recorded: for phosphate 

phosphorus (0.35 - 0.83 pg at. 1-1), dissolved silica (2 - 7.2 pg at. 1-1) and nitrate 

nitrogen (0.9 - 5.37 pg at. 1-1)]. Most of the population was made up of truly 

planktonic species (89.55 - 98.56 %). Skeletonema costatum was the dominant species 

(52 - 60 % of the standing crop), with Thalassiosira nordenskioldii and Nitzschia 

seriata present in considerable numbers. Ceratium tripos and C. furca were the 

dominant dinofiagellates. Also present was the silicoflagellate Dictyocha speculum.
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During this increase in the total number of algal cells a corresponding increase in 

chlorophyll levels was recorded (1.6 - 1.9 mg m^). The phaeopigment levels were 

unmeasurable, which indicated the presence of healthy growing algal cells. The 

decrease in nutrient level^ mainly in dissolved silica and nitrate nitrogen values^on 19 

September might be due to the consumption of these nutrients by phytoplankton; 

phosphate phosphorus (0.5 - 0.7 pg at. 1-1), dissolved silica (1.7 - 5.7 pg at. 1-1) and 

ntrate nitrogen (0.1 - 0.14 pg at. l-l).

A decrease in the algal biomass was recorded on 3 and 17 October (47.4 - 99.4 x 10^ 

cells. 1 1), on which dinofiagellates succeded diatoms as the dominant fraction of the 

population (53 - 67 %), with Ceratium tripos as the dominant species (29 - 64 % of the 

total biomass). Observed fre q i^ tly  were C. furca and C. macroceros. Skeletonema 

costatum remained as the dominant diatom on 3 October, succeeded by Coscinodiscus 

spp on 17 October. Also present was the silicoflagellate Dichtyocha speculum. Again 

most of the population was made up of truly planktonic species (90.6 - 98.6 %).

Similarly a decrease in chlorophyll levels was recorded on 3 and 17 October (0.78 -

1.82 mg m3), accompanied by an increase in nutrient levels, for phosphate phosphorus 

(0.48 - 0.85 pg at. 1-1), for dissolved silica (7.5 - 9.6 pg at. 1-1) and for nitrate nitrogen 

(3 - 6.9 pg at. 1 1). These increased nutrient levels probably stimulated the autumnal 

outburst, which commenced on 19 September. Phaeopigment levels remained low 

ranging from unmeasurable quantities to 0.3 mg m3.

The chromatograms for samples collected during this period showed large zones of 

chlorophyll a and carotene pigments, which indicated the presence of living algal cells, 

mainly diatoms. This was closely correlated with the increase in the total algal 

numbers, mainly on 19 September which represented the maximum for this period, on 

which the microscopic examination showed that most of the population was made up of 

diatoms (80.89 - 86.85 %). The paramount carotenoid band may have included some
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dinoflagellate xanthophyll which did not separate. Also present were the chlorophyll 

breakdown products phaeophytin a, chlorophyllide a and phaeophorbide a.

On the different dates of sampling air temperature during this period remained 

relatively high ranging from 8.9°c on 3 October to 12.3°c on 19 September, sea surface 

temperature ranging from 12.9^c on 3 and 17 October to 13.8°c on 19 September. The 

total monthly sunshine hours recorded during August were 199.5 and 93.7 in 

September. Short sunshine hours were recorded in the week previous to the 19 

September (11 hours), and similarly short sunshine hours were recorded in the week 

previous to the 3rd and 17th of October (17 and 9.9 hours respectively). Although long 

periods of gusts (66 hours in September and 96 hours in October) were recorded in 

which the wind speed exceeded 34 knots, the truly planktonic fraction of the population 

remained dominant over the benthic. This might be due to the presence of much larger 

original planktonic population which exceeded by far the benthic or might be an artifact 

of the morg nutriently rich surface waters. The monthly mean wind speed recorded 

during September was 12 knots, with mean direction of west to north west. A higher 

monthly mean wind speed was recorded during October (15 knots), the mean direction 

remained west to north west.

Winter 1984 - 1985:

This period of low algal biomass (9 - 68 x 10  ̂ cells. I'l) was dominated by diatoms (89 

- 97.65 %). Most of the population was made up of truly planktonic species (58 - 98.8 

%), with the exception of samples collected from station 9, at 5 metres depth on 21 

November, in which benthic species were dominant (68 % of the standing crop). The 

common diatoms observed during this period were Coscinodiscus spp, Diatoma spp, 

Melosira spp, Navicula spp, Skeletonema costatum and Thalassiosira nordenskioldii. 

The dinoflagellate species observed during this period included Ceratium lineatum, C. 

macroceros, C. tripos, Dinophysis acuta and Protoperidinium spp. Also present was 

the silicoflagellate Dictyocha speculum.
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This decrease in the algal biomass was probably due to the combined effect of low air 

temperature (4.6 - 8°c on the different dates of sampling), low sea surface temperature 

(around 9°c) and short hours of sunshine (53.2 in November, 32.7 in December, 62.3 in 

January and 87.5 in February). The total hours of sunshine during the week previous to 

each sampling date were very short ranging between 4.1 - 17.6 hours with the exception 

of the week previous to 21 February when moderate sunshine hours were found (32.2 

hours). Also the strong wind might be another reason for the low algal biomass found 

during this period, by keeping the water mixed. This time of the year was charac^rized 

by long periods (439 hours) of strong gusts in which the wind speed exceeded 34 

knots even reaching 48 knots, or more. The presence omarge number of benthic species 

on 21 Novembe^ mainly for samples collected from station 9, at 5 metres deptl> might 

be due to the effect of the strong gusts (34 knots for 3 hours) recorded on the same date.

A corresponding decrease in chlorophyll levels was recorded during this period (0.02 - 

0.94 mg m3), also phaeopigments levels were low with quantities ranging from 

analytical zero to 0.26 mg m3.

The qualitative analysis of pigments for samples collected during early winter showed

the presence of the diatom pigments chlorophyll a and carotene which correlated with
yhov̂ CûL

the microscopic examination of samples collected during the same period whicl^in turn 

showed a diatom dominance. The set of chromatograms obtained for samples collected

during late winter showed the presence of chlorophyll a at station 11 (surface) in small
s

amoui^. The absence of this pigment from station 9 at both depths and from station 11 

(5 metres), indicated the presence of^low algal population, in agreement with the 

findings from the microscopic examination. The presence of the chlorophyll 

degradation product phaeophytin a could be an indication of decomposition.

From the 7 November onwards nutrients followed a continuously increasing bend and 

maximum levels were recorded on 5 December, (dissolved silica 15.2 - 19.4 pg at. 1'^,
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nitrate nitrogen from 11.7 to 14.2 pg at. I 'i and phosphate phosphorus from 1.1 to 1.3 

pg at. 1-1).

The direction of the prevailing wind varied during this period from easterly and south 

easterly winds to westerly and south westerly winds. The monthly mean speed and 

direction during November was 14.3 knots (east to south east); during December 13.8 

knots (south to north west); during January 10 knots (from east to west) and during 

February 13.1 knots (again from east to west).

Spring 1985:

A gradual increase in the total number of algal cells was recorded from the 6 March 

onwards (Figs. 3 .4 . 1. and 3. 4. 3.). The maximum total number of algal cells for 

samples collected from both stations at surface were observed on 29 March (2102 and 

2757 X 103 cells. 1"̂  at stations 11 and 9 respectively), whilst the maximum number of 

population for samples collected from both stations at 5 metres depth were found on 20 

March (2844 and 3037.8 x 10^ cells. 1*̂  at stations 11 and 9 respectively, the latter 

represent the maximum for this study). During this period diatoms were dominant 

(99.4 - 100 % of the standing crop), of which most were truly planktonic species (99.4 - 

100 %). Skeletonema costatum was the dominant species, with Leptocylindrus danicus 

observed in considerable numbers on the 6 and 13 of March.

A similar increase in chlorophyll levels was recorded, by which the chlorophyll 

concentration increased from sparse levels (1 - 1.3 mg m3) on 6 March into maximum 

levels ranging from 12.5 to 18 mg m3 on the 20 and 29 of March. During 6 and 13 of 

March phaeopigment levels did not exceed 2.4 mg m3, whilst on 20 March the levels 

were high^exceeding that of chlorophylj^for samples collected from station 9 at both 

depths (7.65 - 17,89 mg m3). This could be attribut ed to the break down of 

chlorophyll through the feeding activity of copepods and other zooplankton. On 29 

March and 3 April the phaeopigment quantities did not exceed 5.7 mg m3.
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The maximum for chlorophyll and the total number of algal cells were recorded at the 

same date for samples collected from station 11 (surface ) and station 9 (5 metres), 

whilst for samples collected from from station 11 (5 metres) the maximum chlorophyll 

level of 18 mg m3 was recorded on 29 March, 9 days later than the maximum number 

of algal cells, and for samples collected from station station 9, at surface the maximum 

chlorophyll level of 15.9 mg m3 was recorded on 20 March, 9 days earlier than that of 

the total algal number.

A decrease in nutrient levels was recorded during this period (Figs. 3. 2. 1., 3. 2. 3., 3. 

2, 5., 3. 2. 7., 3. 2. 9. and 3. 2. 11.). The depletion of dissolved silica occurred in three 

steps, firstly a sharp decrease from high winter levels on 20 February (9 - 16 pg at. 1'^) 

into much lower levels on 6 of March (5.2 - 6.7 pg at. I'i), secondly a gradual decline 

to around 4 pg at. l‘i between 13 and 20 March followed by a rapid fall to levels less 

than 1 pg at. 1^ on 29 March and 3 April. For nitrate nitrogen a relatively small decline 

was observed on 6 of March when the high winter levels recorded on 20 February (11.8 

- 13.9 pg at. I'l) decreased into levels ranging from 7.6 to 10 pg at. 1'^ after which 

almost half of these quantities were recorded on the 13 and 20 March (3.1 - 5.6 pg at. 1' 

i). An increase was recorded on 29 March which might be attributed to the upwelling 

of deeper and richer waters caused by strong westerly wind reaching 34 knots on the 

previous two days, followed by a decrease on 3 April (Figs. 3. 2. 5. and 3. 2. 7.). The 

phosphate phosphorus decline was not continuous but irregular (Figs. 3. 2. 9. and 3. 2. 

11.).

On the different dates of sampling during this period the air temperature fluctuated 

between low temperatures which found during March (1.4 - 7.2 °c) and moderate 

temperatures during April and early May (6.5 - 9.5°c), also moderate sea surface 

temperatures were recorded (between 7 and 9 °c). This spring diatom increase 

coincided with a long hours of sunshine (122.2 hours in March) and (133 hours in 

April).
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The dominance of planktonic population over benthic was associated with relatively 

calm weather caused by the moderate to light winds. The mean monthly wind speed 

during March was 12.9 knots and the mean monthly direction was north east to south 

east during the first 11 days and west to north west during the rest of the month. 

During April the mean monthly wind speed was 12.6 knots and the mean direction was 

west to north west, whilst during May the mean monthly wind velocity was 9.9 knots 

and the mean direction was north easterly to north westerly.

The qualitative analysis of different algal pigments showed a close correlation with the 

microscopic examination of samples collected during this period also with the 

quantitative analysis of chlorophyll and phaeopigments. The clear and distinct zones of 

chlorophylls a and c and carotene, were clear indication of the presence of diatoms 

which made up most of the population during this period, in addition the presence of 

chlorophyll c indicated the presence of dinofiagellates which were observed in small 

numbers on 13 March. The chlorophyll degradation products phaeophytin a and 

phaeophorbide a indicated possible feeding activity by zooplankton. This correlated 

with the large levels of phaeopigments recorded mainly on 20 March.

Autumn 1985:

During this period the phytoplankton population was mixed and made up almost 

entirely of truly planktonic species (99.54 - 100 %). When the investigation was 

recommenced on the 19 September the algal biomass levels were high equalling those 

found during the spring in terms of total number of algal cells (121.4 - 188.5 x 10  ̂

cells. 1-1) of which diatoms were dominant (83.6 - 90.2 %) and in terms of chlorophyll 

levels (3.1 - 4.6 mg m3). Phaeopigment levels were variable ranging from 

unmeasurable quantities to 1.39 mg m3. The only occasions when the phaeopigment 

levels exceeded 1 mg m3 were on 19 September (1.39 mg m3) for samples collected 

from station 11, at surface and on 9 October (1.35 mg m3) for samples collected from 

station 11, at 5 metres depth.
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The predominant diatom was Skeletonema costatum (68 - 73 % of the total biomass), 

which was accompanied by Coscinodiscus spp and Thalassiosira nordenskioldii. Also 

present but in a very small numbers was Navicula spp. The most numerous 

dinofiagellates were Ceratium lineatum and C. tripos. Also observed was the 

silicoflagellate Dictyocha speculum.

The large sized population observed on 19 September might be attributed to the high 

nutrient levels found at the same date. The only low nutrient levels recorded were those 

for nitrate nitrogen(0.44 - 0.55 pg ast. l-l). Relatively high dissolved silica levels (6.2 -

9.7 pg at. 1-1) and phosphate phosphorus levels (0.52 - 8 pg at. 1-1) were found.

On 30 October a sharp decrease in the total number of algal cells (18.5 - 81.5 x 10  ̂

cells. 1-1), was accompanied by a decrease in chlorophyll levels (1.2 - 2.4 mg m3 were 

recorded). Low phaeopigment quantities were found (analytical zero - 0.24 mg m3) 

which suggested the presence of actively growing populations though small in size. For 

samples collected from the surface at both stations dinofiagellates succeeded diatoms as 

the dominant fraction of the population(Figs. 3. 4. 9. and 3. 4. 11.), with Ceratium 

lineatum as the dominant species (Table. 3. 4. 26.), whilst for 5 metres samples diatoms 

remained as the dominant fraction (Figs. 3. 4. 9 and 3. 4. 11,). Coscinodiscus spp 

succeeded Skeletonema costatum as the dominant species (Table. 3. 4. 26.). Also 

observed was the silicoflagellate Dictyocha speculum.

This decrease in the standing crop was accompanied by a large increase in nitrate 

nitrogen (5 - 7.7 pg at. 1‘i) and dissolved silica levels (12.3 - 14.3 pg at. 1-1). Smaller 

increases in phosphate phosphorus values was recorded (0.7 - 0.95 pg at. I'l).

The chromatograms for samples collected during this period showed that the prominent 

pigments were those of diatoms (chlorophylls a and c, diadinoxanthin and fucoxanthin), 

which coincided with the microscopic examination of samples collected during the
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same period, which showed that diatoms were present in numbers mainly on 19 

September (83.6 - 90% of the biomass). The dinofiagellates were observed on 19 

September and 30 October. The chlorophyll degradation products phaeophytin a and 

phaeophorbide a were found on all chromatograms, again a possible indication of 

grazing activity.

Relatively high air temperatures (around ll^c) and high sea surface temperatures 

(around 12^c) were recorded during the different dates of sampling and on the dates 

previous to the dates of sampling. Again the dominance of truly planktonic species 

over benthic was associated with the calm weather found during this period. The mean 

monthly wind speed recorded during September was 11.5 knots and the mean direction 

was south west to north west, whilst the mean wind speed during October was 10 knots 

and the mean direction was west to north west. On the week previous to each 

sampling date during this period the hours of sunshine were moderate, ranging from

26.1 to 27.5 hours. Relatively low total sunshine hours were recorded during 

September (84) and October (88.3).

Winter 1985 - 1986:

This period of low algal biomass (8.8 - 201 x 10  ̂ cells. I'l) and low chlorophyll levels 

(0.23 - 2.7 mg m3), was dominated by the truly planktonic species (77 - 99.2 % of the 

standing crop). Diatoms were dominant (55 -100% of the total biomass), with 

Coscinodiscus spp having the highest cell density. Also phaeopigment quantities were 

very low (0.01 - 0.96 mg m3).

Although planktonic species were dominant throughout this period, the relatively high 

percentage of benthic organisms observed on certain occasions (e.g on 12 February 

58.8% and 23% of the total biomass on 6 January for samples collected from station 9, 

at 5 metres depth) was associated with periods of strong gusts, with wind speed ranging 

from 34 to 48 knots or more. On 12 February green flagellates succeeded diatoms as
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the dominant fraction of the population for samples collected from station 11, at both 

depths and station 9, at surface (63.6 - 85.4% of the algal biomass).

The maximum contribution of dinofiagellates was found on 11 November, for samples 

collected from surface, at both stations (26% of the total biomass for samples collected 

from station 11 and 35% for samples collected from station 9), with Ceratium lineatum 

comprising more than 98% of this fraction. Also observed during this period was the 

silicoflagellate Dictyocha speculum.

During this period a continuous increase in nutrient levels was recorded, by which the 

maximum values ranging from 14 to 15.7 pg at. l‘i for nitrate nitrogen, from 20 to 22.4 

pg at. T  ̂ for dissolved silica and from 1.32 to 1.43 pg at. T  ̂ for phosphate phosphorus 

were reached on 6 January.

The results obtained from the qualitative analysis of the different algal pigments tended 

to follow closely the data obtained from the microscopic examination and the results 

obtained from the quantitative analysis of chlorophyll and phaeopigments for this 

period. Although quantities were very small, chlorophyll a, carotene (diatom pigments) 

and chlorophyll c were found. Also present were the chlorophyll degradation products 

phaeophytin a, chlorophyllide a and phaeophorbide a.

On the different dates of sampling and the days previous to the dates of sampling during 

this period low air temperatures (1.1 - 5.7®c) and low to moderate sea surface 

temperatures (5.2 - 9®c) were recorded. There were also long periods of gusts (279.58 

hours in total) with wind speed ranging from 34 to 48 knots or more, which would have 

caused mixing of the water column. The monthly mean wind speed during November 

was 11.1 knots and the mean direction was west to north west during the first half of the 

month and north east to south east during the second half of the month. The mean wind 

speed during December was 12.9 knots and the mean direction was south east to north 

west, during January the monthly mean wind speed was 15.6 knots and the mean
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direction was west to north west, whilst during February was 9.2 knots and the mean 

direction was north to north east. Another feature of this period was the shortness of 

sunshine hours, which probably accounted for the low algal biomass. On the week 

previous to each sampling date the hours of sunshine ranged from 5.5 to 23 hours. The 

total number of sunshine hours fluctuated from relatively low (66.8 in November and 

85.8 in February) to low (34.2 in December and 46.2 in January).

Spring 1986 :

An increased spring population was found. A close correlation between the changes in 

the amount of standing crop in terms of total algal numbers, chlorophyll levels and 

photosynthetic activity (based on laboratory incubations) and with the changes in 

nutrient levels was observed.

During this period diatoms were re-established as the dominant fraction of the 

population (98.8 - 100%), with Skeletonema costatum as the dominant species. Most 

of the population was made up of truly planktonic species (77.88 - 99.96%) with the 

exception of samples collected from station 9, at surface on 10 March when the benthic 

fraction of the population accounted for 59.75% of the total biomass, which was mainly 

due to a large pulse in the numbers of the benthic diatom Achnanthes longipes (40.6% 

of the standing crop). Also observed during this period was the silicoflagellate 

Dictyocha speculum.

The early spring outburst of phytoplankton occurred during March with numbers rising 

from an initial sparse population (63 - 87 x 10^ cells. l'i)on 10 March to (102 - 410 x 

103 cells. 1-1) on 26 March. Similarly chlorophyll levels increased from quantities 

ranging from 1.67 to 3 mg m3 on 26 March. Although an increase in phaeopigments 

levels was recorded, the actual quantities remained low ranging from 0.08 to 0.8 mg 

m3. Highly variable carbon fixation values were recorded in the laboratory ranging 

from low quantities (4 - 6.7 mg C m3. h"l) on 10 March to higher fixation levels of 35 -
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105 mg C m3, h 'l on 19 March and 32 - 52 mg C m3. h‘l on 26 March, coinciding with 

the changes in the total number of algal cells and the amount of chlorophyll found on 

the same dates.

The peak of diatom numbers for samples collected from surface, at both stations was 

observed on 2 April (3649.8 and 3869 x 103 cells. I 'l for stations 11 and 9

respectively), coinciding with the maximum levels of chlorophyll (9.5 and 10.2 mg m3 

for stations 11 and 9 respectively) and with the maximum levels of photosynthetic 

output (299.7 and 258 mg C m3. h‘i for stations 11 and 9 respectively). Much lower 

diatom numbers were observed on the same date for samples collected from both 

stations, at 5 metres depth (317 and 329 x lQ3cells.l‘l for stations 11 and 9

respectively), coinciding with the lower chlorophyll levels (2 and 2.6  mg m3 for 

stations 11 and 9 respectively) and with the lower photosynthetic activity (18 and 2 mg 

C m3, h 'i for stations 11 and 9 respectively). At the same time low phaeopigments 

levels were recorded (0.31 - 1 mg m3).

A sharp decrease in the total number of diatom cells was observed on 9 April for 

samples collected from both stations, at surface (721 and 814 x 1Q3 cells. I'i at stations 

11 and 9 respectively), coinciding with the sharp decrease in chlorophyll levels (2.28 

and 2.87 mg m3 at stations 11 and 9 respectively) and in carbon fixation values (27 and

51 mg C m3, h'^ at stations 11 and 9 respectively).

Although a slight decrease in chlorophyll levels was recorded on the same date for 

samples collected from both stations, at 5 metres depth (1.58 and 2.3 mg m3 at stations 

11 and 9 respectively), an increase in the total number of algal cells was observed (585 

and 916 X 1Q3 cells. I 'l at stations 11 and 9 respectively), coinciding with the increase 

in the photosynthetic activity levels (35.6 and 44.5 mg C m3, h 'l at stations 11 and 9 

respectively). Low phaeopigments levels were recorded on this date (0.32 - 1.77 mg 

m3).
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An increase in the total number of diatom cells for samples collected from station 9, at 

both depths and for samples collected from station 11, at 5 metres depth only (Figs. 3. 

4. 2. and 3. 4. 4.) were recorded on 23 April, coinciding with an increase in chlorophyll 

levels (3.7 - 4.9 mg m3). Very low values of carbon fixation were recorded for samples 

collected from both stations, at both depths (13.4 - 17.8 mg C m3, h'^).

A decrease in the total number of algal cells was observed on 7 May in which green 

flagellates succeeded diatoms as the dominant fraction of the population (61 - 85% of 

the standing crop). The chlorophyll (3.4 - 4.8 mg m3) and photosynthetic out put (5 -

21.4 mg C m3, hrl) values were slightly variant from those recorded on the previous 

sampling date.

The nutrient condition of the water changed from around its high winter level on 10 

March into low levels by the end of this period. This decrease in nutrient levels was 

discontinuous and occured in an irregular fashion during March (Figs. 3. 2. 2., 3. 2. 4., 

3. 2. 6 ., 3. 2. 8 ., 3. 2. 10 and 3. 2. 12.), whilst the decrease during April until 7 May 

occured continuously and followed a regular tiend with the exception of the sharp 

decrease in dissolved silica levels recorded on 9 April when a decline from 10.5 - 17.7 

pg at. I 'l  to 1.6 - 1.8 pg at. I'l was recorded within a week, which might be due to the 

consumption by diatoms which were observed in large numbers in the same date (585 - 

916 X 103 cells. I'l).

Qualitative data on the pigments obtained from the chromatographical analysis of 

samples collected during this period followed closely the results obtained from the 

microscopic examination and from the quantitative analyses of chlorophyll and 

phaeopigments. Chlorophylls a and c, carotene, diadinoxanthin and fucoxathin, the 

definitive pigments of diatoms, were found on all chromatograms, this coincided with 

the diatom dominance observed through the microscopic examination of samples 

collected during this period. The green algal pigment Chlorophyll b was found (green
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algae dominated the population on 7 May). Also present were the copepod carotenoid 

and the chlorophyll degradation products phaeophytin a, chlorophyllide a and 

phaeophorbide a, which were possible indicators of grazing activities by copepods and 

other zooplanktons.

During this period measured air temperatures on the different dates of sampling and on 

the days previous to them were highly variable, ranging from low temperatures (about 

2°c) to relatively high temperatures (about ll°c ). Less variable sea surface 

temperatures were recorded (5.3 - 8 .6°c). The high algal biomass observed during this 

period was associated with relatively long sunshine hours (124 in March, 138.3 in April 

and 136.2 in May). Although the hours of sunshine on the week previous to each 

sampling date tended to be long, extremely variable sunshine hours were recorded (5.3 -

9.7 hours). On the week previous to the 2nd of April when the maximum standing crop 

levels was recorded, the hours of bright sunshine were 39.1 hours. The dominance of 

planktonic species might be attributed to the relatively calm weather observed during 

this period- The mean monthly wind speed during March was 14 knots and the mean 

direction was north east to south east durin^the first 19 days and south west to north 

west during the rest of the month. The mean daily wind speed during April was 10.5 

knots and the mean direction was south west to north west and the mean daily wind 

speed during May was 13.2 knots and the mean direction was south west to north west. 

On 10 March although planktonic species were dominant, an important benthic 

population was found (14 - 40% of the total biomass), which was associated with strong 

westerly to north westerly winds having a mean weekly speed of 16.75 knots, observed 

in the week previous to the day of sampling. Also the strong gusts observed on the 4th, 

5th, 6 th and 8th of March (34 to 48 knots or more for a total of 22 hours), causing the 

mixing of the water column might have been a further contributor to the relatively high 

benthic population found on 10 March.
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Summer 1986 :

Most of the population was made up of truly planktonic species (88 - 100% of the 

standing crop). During this period the diatoms remained as the dominant fraction of the 

population, with the exception for samples collected from both stations, at surface on 18 

June when green flagellates succeded diatoms as the dominant fraction of the poulation 

(57.6% for samples collected from station 11 and 68.8% for samples collected from 

station 9), Skeletonema costatum was the most numerous species (49.4 - 90.85% of the 

total biomass), with the exception for samples collected from station 11, at both depths 

and from station 9, at surface, on 16 July when Leptocylindrus danicus succeded 

Skeletonema costatum as the dominant species (42.85 - 69.2% of the algal biomass). 

Coscinodiscus spp was observed in considerable numbers on 4 June, Thalassiosira 

nordenskioldii was frequent on 4 June and 2nd and 30th of July.

An increase in the numbers of diatoms was observed on 4 June (464 - 545 x 10^ cells. 

I'l), with a concurrent increase in chlorophyll (7.5 - 11.54 mg m3) and photosynthetic 

out put (264 - 766 mg C m3, h 'l).

The nitrate nitrogen concentration decreased from quantities ranging between 0.6 - 1.25 

pg at. I 'l on 7 May to 0.28 - 0.36 pg at. I'l on 4 June, whilst the dissolved silica levels 

increased sharply from 0.16 - 1 pg at. I 'l on 7 May into 3.6 - 5 pg at. I'l on 4 June with 

much smaller changes in phosphate phosphorus levels. Much lower nutrient quantities 

were recorded during the rest of this period (Figs. 3. 2. 2., 3. 2. 4., 3. 2. 6., 3. 2. 8., 3. 2. 

10 and 3. 2. 12.).

On 18 June a sharp decrease in the total number of algal cells was observed for samples 

collected from both stations (73 - 198 x 103 cells. I'l), with the exception of slight 

increase in samples collected from station 9, at 5 metres depth. This decrease in the 

number of algal cells was accompanied by a decrease in chlorophyll levels (1.5 - 3 mg 

m3) and a similar decrease in carbon fixation values (9.4 - 58 mg C m3, h 'l).
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On 2 July an increase in the total number of algal cells was observed for samples 

collected from both stations, at both depths (225.9 - 911.6 x 10^ cells. I'l), the highest 

numbers being those observed for samples collected from 5 metres depth (691.8 and 

911.6 X 1Q3 cells. I 'l for stations 11 and 9 respectively), coinciding with chlorophyll 

levels (surface quantities - 1.97 and 1.65 mg m3 for stations 11 and 9 respectively; 5 

metres quantities - 4 and 8.85 mg m3 for stations 11 and 9 respectively), and carbon 

fixation values (surface quantities - 24.6 and 25.3 mg C m3, h 'l  for stations 11 and 9 

respectively; 5 metres quantities - 158.9 and 208.7 mg C m3, h 'l for stations 11 and 9 

respectively).

At the same time the lowest dissolved silica and phosphate phosphorus levels were 

recorded for samples collected from both stations, at 5 metres depth (surface values for 

dissolved silica were 1.86 and 2 pg at. I'l for stations 11 and 9 respectively; 5 metrs 

values were 1.35 and 1.1 pg at. I'l); (surface values for phosphate phosphorus were 

0.087 and 0.15 pg at. I'l; 5 metres values were 0.07 and 0.08 pg at. I'l).

On 16 July, low photosynyhetic activity (27 - 51 mg c m3, h 'l), chlorophyll levels (1.4-

2.3 mg m3) and total number of algal cells (27 - 7 7 x  103 cells. I'l) were found.

On 30 July an increase in the total number of algal cells was observed for samples 

collected from both stations, at both depths (413 - 613 x 103 cells. I'l), coinciding with 

an increase in chlorophyll levels (6.3 - 7 mg m3) and photosynthetic output (355 - 401 

mg C m3, h 'l).

The chromatographic data found for samples collected during this period concurred 

with the results obtained from the quantitative analysis of chlorophyll and 

phaeopigments, also with the microscopic examination of samples collected during the 

same period. The presence of chlorophylls a and c and fucoxanthin indicated the 

presence of living diatoms, also it is evident that green algae were present due to the
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presence of chlorophyll b. The presence of the chlorophyll degradation products 

phaeophytin a, chlorophyllide a and phaeophorbide a indicated a possible feeding 

activity by copepods (their presence was also indicated by the presence of astaxanthin, 

the copepod carotenoid) and other zooplanktons.

During this period on the different dates of sampling and the days previous to the days 

of sampling, high air temperatures (13.8 - 20.4%) and moderate sea surface 

temperatures ( 10.8 - 14.8%)were recorded. During this period which in most 

occasions was characterized by high standing crop values in terms of total algal 

numbers, chlorophyll levels and photosynthetic activity, long hours of bright sunshine 

were recorded (207.6 in June, 118,3 in July and 184.2 in August). On the week 

previous to the 2nd of July, on which the maximum algal number was found mainly for 

samples collected from from 5 metres depth, long hours of sunshine were recorded(67.9 

hours). In the week previous to each of the other sampling dates the hours of sunshine 

were variable ranging from 17.4 to 44.6 houres. Again the dominance of planktonic 

species was associated with relatively calm weather. In the week previous to each 

sampling day the mean daily wind speed tended to be moderate, ranging from 7.24 to

11.5 knots.

Autumn 1986:

The total number o f algal cells remained more or less similar to that observed during 

the summer. During this period most of the population was made up of truly planktonic 

species (77 - 100%). Highly mixed population was observed, including, diatoms, 

dinofiagellates, silicoflagellates and green flagellates of which diatoms were dominant 

(49 - 99.67%). Skeletonema costatum remained as the dominant species with the 

exception of samples collected on 10 September when Diatoma spp succeeded S. 

costatum as the dominant species (51 - 85.6% of the standing crop).
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The largest levels of contribution by green flagellates to the total biomass were 

recorded on 27 October (21 - 38.88%) with the exception of samples collected from 

station 9, at 5 metres depth of which the the maximum green flagellates contribution 

was recorded 3 weeks earlier (40%). The highest total number of algal cells for this 

period was observed on 10 September (487.8 - 1121 x 10^ cells. I'l), coinciding with 

the highest chlorophyll levels (2.8 - 6.6 mg m3) and carbon fixation values (136.78 - 

343 mg C m3, h 'l). A decrease in the total number of algal cells, accompanyed by a 

similar decrease in chlorophyll and productivity values was observed during the rest of 

this period (Figs.3. 4. 2., 3. 4. 4., 3. 3. 3., 3. 3. 4., 3. 3. 7., 3. 3. 8., 3. 5. 1. and 3. 5. 2.).

Phaeopigments levels were low (analytical zero - 1.53 mg m3) and lower from 

chlorophyll levels obtained during this period, with the exception for samples collected 

on 27 October , from station 11 (surface) and station 9 (5 metres) where phaeopigments 

levels exceeded that of chlorophyll (Figs. 3. 3. 4. and 3. 3. 8.) which indicated that 

chlorophyll for those samples was associated with senescent diatoms.

A gradual and constant increase in nutrient levels was observed during this period, by 

which the maximum quantities were recorded on 27 October (Tables. 3. 2. 1. - 3. 2. 3.).

The data obtained from the qualitative analysis of chlorophyll pigments for samples 

collected during this period coincided with the results obtained from the quantitative 

analysis of chlorophyll and phaeopigments and with the results obtained from the 

microscopic examination of samples collected during the same period. The presence of 

chlorophylls a and c and carotene indicated the presence of living algal cells including 

diatoms and dinofiagellates. The presence of chlorophyll b indicated the presence of 

green algae which coincided with the the findings from the microscopic examination 

mainly on 27 October which showed that green flagellates were present in large 

numbers. The presence of the chlorophyll degradation products phaeophytin a, 

chlorophyllide a and phaeophorbide a indicated a possible feeding activity by copepods
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and other zooplankton. The presence of copepods was indicated by the presence of 

astaxanthin.

During this period on the different dates of sampling and on the days previous to them, 

moderate air temperatures (11.5 - 13.1%) and moderate sea surface temperatures (10.5 - 

12.4%) were recorded. Variable hours of sunshine were found on the week previous to 

each sampling date (1 1 .4 -4 2  hours), also during the different months (151.7 hours in 

September and 89.7 hours in October). The longest hours of sunshine were recorded in 

the week previous to the 10 September (42 hours) in which the maximum standing crop 

levels for this period were found. Again the dominance of planktonic species was 

associated with a relatively calm weather. The relatively large benthic population 

found on 27 October mainly for samples collected from both stations at surface (12.7% 

of the biomass at station 11 and 23% at station 9), was associated with strong northly to 

north westerly wind in the week before. Also strong gusts, with wind speeds 

exceeding 34 knots, in the week previous to the 27 October for 66 hours in total, might 

be a further cause for this increase in the benthic population. On September the mean 

monthly wind speed was 10.4 knots and the mean direction was west to north west, 

whilst in October the mean monthly velocity was 15.1 knots and the mean direction was 

south west to north west.

Winter 1986 - 1987:

Most of this declininig population was made up of truly planktonic species (68 - 96.5% 

of the total biomass). A highly mixed population was observed during this period, 

including diatoms, dinofiagellates, silicoflagellates {Dictyoch^^ speculum) and green 

flagellates (Figs.3. 4. 10 and 3. 4. 12.). Diatoms were dominant (74.3 - 100% of the 

algal biomass). Skeletonema costatum remained as the dominant species, also observed 

in relatively large numbers were Coscinodiscus spp, Diatoma spp, Melosira spp and 

Navicula spp. On 24 January, ranking second after S, costatum was Leptocylindrus
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danicus. The dinoflagellate fraction was represented by Ceratium extensum, C. furca, 

C. lineatum, C. tripos and Protoperidinium spp.

A very low photosynthetic output was recorded during this period not exceeding 13 mg 

C m3. h ' \  with low algal numbers (16.14 - 77.5 x 103 cells. I'l).

Although during this period phaeopigment levels were low ranging from analytical zero 

to 1.44 mg m3, on most occasions phaeopigment quantities exceeded that of chlorophyll 

(Figs. 3. 3. 4. and 3. 3. 8.) which indicated that chlorophyll was associated with 

senescent diatoms and other algal cells. The only other pigments found on the 

chromatograms obtained from the qualitative analysis of samples collected during this 

period, in addition to those indicated the presence of diatoms which icluded chlorophyll 

a, carotene and diadinoxanthin, were the chlorophyll breakdown products of 

phaeophytin a, chlorophyllide a and phaeophorbide a.

Nutrient levels continued to increase throughout this period untill 22 January when the 

maximum quantities of (19.9 - 21.56 pg at Si. I'l) and (13.97 - 14.9 pg at N. I 'l) were 

recorded. The maximum quantities for phosphate phosphorus were recorded on 23 

December (1.24 - 1.4 pg at. I'l).

During this period on the different sampling dates and on the days previous to the dates 

o f sampling low air temperatures (0.2 - 9.9°C) and low to moderate sea surface 

temperatures (4.9 - lO^C) were recorded. The low levels of standing crop found during 

this period were associated with short hours of sunshine. On the week previous to each 

sampling date the hours of sunshine were low ranging from Nil to 12.5 hours, with the 

exception of the week previous to the 18 February when extremely long sunshine hours 

were recorded (43.3 hours), which reflected on the total number of algal cells found on 

the date of sampling (36.8 - 109.4 x 103 cells. I'l). Although planktonic species were 

dominant the occasional high benthic population was found. This might be related to
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the strong winds found during different times over this period. High mean daily wind 

speed found in the week previous to the sampling dates of 12 November and 23 

December (20.98 knots in the formar date and 18.65 in the latter). Much lower mean 

daily wind speed found in the week previous to the 24 January (9,45) and 18 February 

(5.8 knots). Also throughout this period strong gusts with speed exceeding 34 knots 

were found (511 hours in total). The mean monthly wind speed during January was

10.1 knots and the mean direction was variable ranging from north east to south during 

the first 20 days of this month and during the rest of the month the prevailing wind 

followed north westerly direction. During February the mean monthly wind speed was

9.4 knots and the mean direction was variable ranging from north east to south east and 

from west to north west.

Spring 1987:

A gradual increase in the total number of algal cells accompanied by a similar increase 

in chlorophyll a levels and photosynthetic activity values was recorded during this 

period.

During this period, most of the population was made up of truly planktonic species (96 

- 100% of the total biomass). Diatoms were dominant (64.94 - 100% of the standing 

crop), Skeletonema costatum was by far the dominant species. In difference to the 

previous spring, green flagellates were observed in numbers during March and April 

(Figs.3. 4. 10. and 3. 4. 12.).

On 18 March, although a slight decrease in chlorophyll concentrations, from (1.04 - 

1.34 mg m3) to (0.9 - 1.03 mg m3) and carbon fixation levels, from (37 - 42 mg C m3. 

h"l) to (32 - 36 mg C m3, h 'l) was recorded within a week, an increase in the total algal 

numbers was observed for samples collected from station 11 at both depths (at surface 

from 88.45 to 116.2 x 103 cells. I'l; at 5 metres from 72.6 to 76.16 x 103 cells. I'l) and 

station 9, at 5 metres depth (from 72.5 to 76.17 x 103 cells. I'l).
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An increase in the total number of algal cells for samples collected from both stations, 

at both depths was observed on 25 March (270 - 336 x 10^ cells. I'l), accompanyed by 

an increase in photosynthetic activity (42.78 - 50.3 mg C m^. h 'l). Chlorophyll levels 

remained more or less equal to those recorded on the previous sampling date (0.7 - 1.22 

mg m3).

During April, a constant increase in the number of algal cells was observed, in which 

the maximum was found on 22 April (1750 - 2185 x 103 cells. I'l), coinciding with the 

maximum values for chlorophyll (9,4 - 14.2 mg m3) and carbon fixation levels (320 - 

360 mg C m3, h 'l). During this period phaeopigment levels were low ranging from 

analytical zero to 1.6 mg m3.

Nutrient concentrations decreased constantly reaching minimum levels for this period 

on 22 April; dissolved silica around 1 pg at. I 'l, nitrate nitrogen around 2.5 pg at. I 'l 

and phosphate phosphorus around 0.5 pg at. I'l.

The qualitative analysis of chlorophyll pigments for samples collected during this 

period closely correlated with the quantitative analysis of chlorophyll and 

phaeopigments and the microscopic examination of samples collected during the same 

period. The full range of photosynthetic pigments for this study were found.

During this period on the different dates of sampling and the dates previous to them, 

there were low to moderate air temperatures (3.7 - 13^0), and moderate sea surface 

temperatures (5.4 - lO^C). The increase in standing crop levels during this period was 

associated with relatively long sunshine hours (108.7 hours during March) and (117.6 

hours during April). With the exception of the week previous to the 8 April when short 

sunshine hours were recorded (3.7 hours), relatively long sunshine hours were recorded 

on the week previous to other sampling days (from 24.5 to 31.4 hours). Again the 

dominance of planktonic species over benthic was associated with the relatively calm
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weather observed during this period. The mean daily wind speed during March was

14.2 knots and the direction was variable ranging from south east to south west and 

from south west to north west, whilst the mean daily wind speed during April was 10.5 

knots with again highly variable directions ranging from north east to east and from 

south west to north west.
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5. General Discussion

The general pattern of variation of dissolved nutrients in the Firth of Clyde is typical of 

many temperate waters in as much as maximum concentrations occur during the winter 

when the biological activity is low and minimum values occur during the spring and 

summer periods when biological demand is high. The annual cycles of dissolved 

nutrients in temperate waters generally follow one another and result from the 

alternation of seasons which affected the physical and biological conditions of the area. 

The low air temperature observed during the winter period causes the cooling of surface 

waters followed by convectional mixing. According to Bames (1957) the uniformly 

high nutrient levels found throughout the winter were due to gales which caused the 

mixing of the nutrient - rich deep water and the nutrient depleted surface water. The 

concentrations of dissolved nutrients observed at any time of the year is governed by 

the relative magnitude of the processes of demand and regeneration at that time.

The dissolved nutrient concentrations found during this study were comparable to those 

found by Hinton (1974) and Hannah (1979), although higher maximum dissolved silica 

levels found during the course of this investigation (19.4 - 22.45 pg at Si. I'l), whilst 

the maximum dissolved silica values recorded by Hinton (1974) and Hannah (1979) 

were ranging between 11.5 and 13.4 pg at Si. I'l. The maximum phosphate phosphorus 

values and the minimum quantities for all three nutrients observed during this study 

were more or less similar to those recorded by Hinton in 1973 and Hannah in 1976 and 

1977.

Hinton (1974) and Hannah (1979), in the Fairlie Channel found that phosphate

phosphorus levels generally exceeded 1 pg at P. 1'  ̂ from November till the middle of

March. The same was found during the course of the present study. The levels found

in the present study and those by Hinton (1974) and Hannah (1979) were higher than
/

those given by Marshall and Orr (1927) from their studies on Loch Striven. Th^ found 

a maximum phosphate phosphorus level of 0.97 pg at P. 1’  ̂ in November and indicated
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that this winter rise was associated with the turbulent mixing following the breakdown 

of stratification in the autumn.

The maximum abundance of phosphate to the north of Scotland was given by Bames 

(1957) as between 0.66 and 1.14 pg at P. I’L The maximum phosphate phosphoms 

levels (0.8 - 1.45 pg at P. I 'l) occuring in December, January and February throughout 

this study were higher than those reported by Marshall and Orr (1930) in early March in 

Loch Striven (0.45 - 0.8 pg at P. I'l); by Armstrong (1970) at station E l in the English 

Channel in 1961 (0.45 g at P. I'l); by Braaraud (1973) for Hardangerfjord (maximum of 

0.65 pg at P. I'l); by Ewins and Spencer (1967) for the Menai Straits (maximum of 0.8 

pg at P. I'l) and for the North Sea by Cushing and Nicholson (1963) (maximum of 

0.75 pg at P. I'l). Winter maximum concentrations of phosphate phosphorus were 

similar to those reported by Cooper (1933) at station E l in the English Channel in 1931 

(1.28 pg at P. I'l); by Sakshaug and Myklestad (1973) for Trondheimfjord (0.61 - 1.07 

pg at P. I'l); Hinton (1974) for the Gare loch and the Fairlie Channel, in the Firth of 

Clyde (maximum values of 2 and 1.63 pg at p. I'l respectively); Sykes (1969) for 

coastal water off Aberystwyth, in Cardigan Bay (maximum level of 0.95 pg at P. I 'l) 

and by Riley and Conover (1956) for Long Island Sound (2.5 pg at P. I'l).

The decrease in phosphate phosphorus levels during the spring diatom increase of 1985 

and 1986 was not pronounced, dropping from around 1 pg at P. I 'l during early spring 

to levels ranging from 0.6 to 0.8itg  at P. I'l during late spring, and the summer values 

remained around those quantities untill early July when the minimum levels (around 0.1 

pg at P. I'l) were recorded. The same pattern of decrease was found by Hannah (1979) 

during the spring increase of 1977 when phosphate phosphorus levels decreased from 

0.97 pg at P. I'l (April 21) to 0.51 pg at P. I'l (April 28) and the levels remained 

around this value during most of the summer period with the minimum value of 0.31 pg 

at P. I'l was recorded on 21 July. Summer concentrations of phosphate phosphorus are 

similar to levels found by Solorzano and Erlich (1977a) in Loch Etive, Hinton (1974)
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and Hannah (1979) in Fairlie Channel. Regeneration in the surface waters is seen in 

many coastal waters during September and October.

The general pattern of variation of nitrate nitrogen is similar to that of phosphate 

phosphorus but some important differences exist. Ewins and Spencer (1967) for the 

Menai Straits reported that the concentrations of nitrate nitrogen increase steadily 

through out the winter and do not reach equilibrium levels as does phosphate 

phosphorus. Ewins and Spencer (1967) stated that in the Clyde Sea Area the normal 

nitrate nitrogen winter levels lie between 15 and 25 pg at N. I'l. The maximum 

recorded nitrate nitrogen levels in the Clyde Sea Area were higher than those recorded 

for other areas around the coast of Britain. For the Fairlie Channel Hinton (1974) 

recorded 23,7 pg at N. I'l at the end of January in 1973 and Hannah (1979) recorded a 

maximum of 21.9 pg at N. I'l on 17 February in 1976. Although lower maximum 

winter levels were found during this study for the same area (14.2 - 15.7 pg at N. I'l) 

they remained higher than those in other areas with the exception of the maximum 

reported by Sykes (1969) for Cardigan Bay (24 pg at N. I'l) and by Hinton (1974) for 

Loch Long (22 pg at N. I'l) which were comparable to those found by Hinton (1974) 

and Hannah (1979) for Fairlie Channel. Nitrate nitrogen levels found during this study 

were higher than those of 5.2 - 8.4 g at N. I'l for the Irish Sea given by Slinn and 

Eastham (1970, 1971 and 1972) and that recorded for the same area by Cushing and 

Nicholson (1963) (9 pg at N. I'l). Also lower maximum levels were recorded by 

Cooper (1933) during the course of 4 years for station E l in the English Channel (6 - 8 

pg at N. I'l); by Solorzano and Erlich (1977a) for Loch Etive ( 3 - 7  pfg at N. I'l) and 

by Solorzano and Grantham (1975) for Loch Linnhe (4.9 - 7.3c pg at N. I'l). Although 

in some of the previously mentioned areas the minimum nitrate levels fell to 

undetectable quantities, most maintiained an equilibrium concentration below 0.5 pg at 

N. I'l. Also in the Fairlie Channel often nitrate nitrogen levels fell below 0.5 pg at N. 

I'l.
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In all coastal waters during the summer period very low nitrate nitrogen levels were 

recorded, which reflects the generally high biological activity at this time. Although the 

summer levels of nitrate nitrogen are similar in several areas the algal biomass varies 

greatly, which might indicate that the size of the standing crop of phytoplankton during 

the summer period is dependent upon the rate of input /  regeneration of nitrate nitrogen 

during the summer, or it may reflect the different grazing pressures in different areas or 

differences in the degree o f mixing of the surface layers. The depletion of nitrate 

nitrogen to levels below or around 1 pg at N. I'l during the growth recession points to 

nitrate limitation of productivity was recorded during this study. This feature has been 

also reported in studies of well - mixed French coastal waters (Wafar et al, 1983) and 

the Clyde Sea area (Hannah and Boney, 1983).

Dissolved silica exists in the sea as orthosilicate which is an essential part of the solid 

structure of the main primary producers in temperate waters (diatoms) (Armstrong, 

1965). During the winter period from November until early March the dissolved silica 

levels were high ranging from 7.5 to 22.45 pg at Si. I'l. Although the maximum levels 

found by Hannah (1979) in the Fairlie Channel were lower than those found during this 

study they remained high ranging from 9,6 to 13.1 pg at Si. I'l. During the time of the 

spring diatom increase the dissolved silica levels declined rapidly. During March 1985, 

the dissolved silica levels decreased from around 6 pg at Si. I'l on 6 March into levels 

ranging from 0.3 to 0.4 pg at Si. I'l on 29 March. Similarly during the spring of 1986 

the levels decreased sharply from around 7.5 pg at Si. I'l on 11 March into around 1.5 

pg at Si. I'l on 22 April. Also during the spring diatom increase of 1987 the dissolved 

silica levels decreased sharply from quantities ranging between 6.85 and 10 pg at Si. I'l 

on 10 March into levels levels' around 1.7 pg at Si. I'l on 9 April. The same rapid 

decline in dissolved silica levels during the spring period was recorded by Hannah 

(1979). During March 1976 the dissolved silica levels decreased from 6.9 pg at Si. I'l 

to 3.14 pg at Si. I'l and during April, after the main period of the bloom, was further 

reduced to 0.42 pg at Si. I'l reaching a minimum value of 0.21 pg at Si. I'l on 5 May.
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In 1977, dissolved silica remained high until mid - April when it declined from 6.3 pg 

at Si. I'l (21 April) to 0.95 pg at Si. I'l within a week.

The maximum dissolved silica levels recorded in the Fairlie Channel were higher than 

those recorded by Cooper (1933) for the English Channel (5 - 9.4 pg at Si. I'l) during 

the time span of 4 years. Cushing and Nicholson (1963) reported a maximum of 9 pg 

at Si, I 'l for the North Sea, which not far from that recorded for the Trondheimsfjord by 

Sakshaug et al, (1973) (around 8 pg at Si. I'l) and similar to the maximum for the 

Menai Straits (9 pg at Si. I'l) by Ewins and Spencer (1967). Although the maximum 

for Cardigan Bay recorded by Sykes (1969) was lower than those found during the 

present study (12 pg at Si. I'l), it is similar to the maxima generally recorded in the 

Clyde Sea Area.

Earlier studies on changes in standing crop left little doubt, however, that nutrient 

limitation over summer restricted productivity in many areas. A limiting factor to 

biological activity is that material available in an amount most closely approaching the 

critical minimum required to sustain that activity (Odum, 1971). Most marine 

geochemists (e.g. Lerman et al, 1975; Meybeck 1982; Broecker and Peng 1982) hold 

the view represented by Redfield (1958) in which he stated that phosphorus availability 

limits net organic production in the sea. He pointed out that any nitrogen deficits can 

be met by the biological fixation of atmospheric nitrogen, hence nitrogenous 

compounds can accumulate until the the available phosphorus is utilized. Some marine 

biologists replaced Redfield s view with that represented by Ryther and Dunstan (1971) 

in which they stated that nitrogen not phosphorus is the limiting factor to algal growth 

in coastal waters; also they accepted the possibility that nitrogen fixation might be 

important in regulating the level or balance of nutrients in the ocean as a whole and 

over geological time, but they concluded "It (nitrogen fixation) is certainly not effective 

locally or in short run." Similarly, Thomas ( 1970a,b) and Goldman et al, (1979) have 

relied on experimental cultures of phytoplankton to evaluate nutrient limitation in the
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marine environment. They stated that nitrogen appears to be the nutrient which is most 

often limiting to the specific growth rate of natural populations of phytoplankton grown 

in such cultures. In contrast to the marine biologists, biological limnologists now 

generally subscribe to the view that phosphorus availability is ordinarily the primary 

limit to net organic carbon production in lakes. This view was exemplified by the long 

term monitoring studies conducted by Edmondson (1970) and Edmondson and Lehman 

(1981) on Lake Washington. Smith (1982) stated that nitrogen is considered to have a 

significant, but secondary, effect on net production. Earlier studies on changes in the 

standing crop left no doubt that nutrient limitation over the summer period restricted 

productivity in many areas. Atkins (1928), Cooper (1933, 1937) and Harvey (1950) for 

the western English Channel, Marshall and Orr (1927, 1930) in the Clyde Sea Area and 

of Bigelow, suggested that lack of phosphate or nitrate, whichever was in shorter supply 

acted as limiting factor on production. In temperate coastal waters where diatoms were 

generally the dominant fraction of the population the limiting factors were considered 

to be either nitrate nitrogen (Barnes, 1957) or dissolved silica (Marshall and Orr, 1930),

In a review of recent evidence on the effects of enrichment Hecky and Kilham (1988), 

stated that phytoplankton can become limited by the availability of nutrients when light 

and temperature are adequate and loss rates are not excessive. The current paradigms 

for nutrient limitations in fresh water, estuarine and marine environments are quite 

different. A review of the experimental and observational data used to infer phosphate 

or nitrate limitation of phytoplankton growth indicates that phosphate limitation in fresh 

water environments can be demonstrated rigorously at several hierarchical levels of 

system complexity, from algal cultures to whole lakes. A similarly rigorous 

demonstration of nitrate limitation has not been achieved for marine waters. Therefore 

Hecky and Kilham (1988) concluded that the extent and severity of nitrate limitation in 

the marine environment remains an open question. Culture studies have established that 

internal cellular concentrations of nutrients determine phytoplankton growth rates, and 

these studies have shown that it is often difficult to relate giowth rates to external
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concentrations, especially in natural situations. Hecky and Kilham (1988), concluded 

that the dissolved nutrient concentrations are most useful in determining nutrient 

loading rates of aquatic ecosystems and that the relative proportions of nutrients 

supplied to phytoplankton can be a strong selective force shaping phytoplankton 

communities and affecting the biomass yield per unit of limiting nutrient.

Although silicon in the form of polymerized silicic acid (biogenic silica) is a major 

component of the cell walls of all important plankton diatoms, there is considerable 

variation between species in silica content (Parsons et al, 1961; Harrison et d , 1977). 

Within a given species, the Si content may vary as a function of cell size (Durbin, 1977) 

as well as of external factors. Paasche (1980) measured the silicon content of five 

species of marine planktonic diatoms grown in laboratory culture, he found that the 

increase in the temperature or light intensity during growth resulted in an increase in 

silica content in some species and a decrease in others.

Eppley et al, (1979) discussed the hypothesis that the transport of nitrate into the 

euphotic zone regulates the production of phytoplankton in southern California coastal 

waters. They concluded that the transport of nitrate into the euphotic zone appears to 

be a major factor regulating the standing crop and productivity in southern California 

coastal waters.

The seasonal changes in the standing crop levels and the pattern of phytoplankton 

succession observed during this study concurred with the majority of the earlier 

findings from the earlier investigations in temperate waters which was charactarized by 

a large spring peak, variable but lower summer densities, small autumn peak and a 

winter minimum. The spring diatom increase observed during 1985, 1986 and 1987 

was typical of the studied area and of temperate regions although the increase in 1987 

occu^d  in late March with the maximum in the 22nd of April which was similar to that 

recorded by Hannah in 1976 and 1977 and slightly later than those recorded by others
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in the past. From previous studies on temperate waters the initial increase in the 

phytoplankton population occurred mostly during late - February and early - March, 

similar to the timing observed by Riley and Conover (1956) for Long Island Sound 

(early - March); by Jensen and Sakshaug (1973) and Sakshaug and Myklestad (1973) in 

Trondheimsfjord; by Gauld (1950) and Marshall and Orr (1927, 1930) in Loch Striven 

and the Firth of Clyde (March); by Solorzano and Erlich (1977a) and Wood et al,

(1973) in Loch Etive (March); by Steele and Baird (1968) in Loch Etive (March) and 

by the same workers in Loch Nevis (Steele and Baird, 1962b) (March). Marshall and 

Orr (1930) compared the timing, composition and magnitude of the spring increase in 

successive years and showed that, in general, the increase occured within a week of 20 

March, in concordance with the findings of the present investigation.

Sakshaug and Myklestad (1973) stated that in the north temperate seas the threshold of 

solar radiation input and stabilisation of the water column are the main triggering 

processes of the spring diatom increase. Marshall and Boney (1974) found that in the 

Firth of Clyde a short period of 10 to 14 days with suitable climatic conditions was 

critical.

During the present study the standing crop values fluctuated during the summer period 

between relatively high to relatively low levels, similar to those found by Hinton (1974) 

and Hannah (1979). During the summer period as the air temperature increases stable 

layering takes place, cutting off the productive upper layer from the supply of nutrients. 

Thus the increase in the phytoplankton biomass during the summer is nutrient limited 

and the size of the population tend to be smaller than that found during the spring.

The levels of chlorophyll a recorded during the different seasons in the present study 

were of similar magnitude to those found by Hinton (1974) and Hannah (1979) 

although the maximum levels were slightly higher (18 mg m*3 in 1985; 11.5 mg m'3 in 

1986 and 13.7 mg m'3 in 1987). Hinton (1974) recorded the presence of successive
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pulses of phytoplankton following the first spring peak with a maximum chlorophyll 

level of 8.3 mg m-3, each being smaller than the preceding. Also Hannah (1979) found 

that the spring peak of 1976 with chlorophyll maximum of 10 mg m'3 was followed by 

a series of pulses although, while the first subsequent peak was reduced, an increase in 

the succeeding pulses with the final peak being recorded at the end of July with a 

similar chlorophyll maximum to that found in the initial spring peak (10.5 mg m'3). 

The spring peak of 1986 with maximum chlorophyll level of 10.2 mg m’3 recorded in 

2nd of April was similarly followed by a series of successive pulses of which the first 

three were of decreasing magnitude with the final recorded peak at the early June 

having a similar chlorophyll levels to that of the initial spring peak (7.5 - 11.54 mg m3). 

After the spring diatom increase of 1984, the following summer peaks were of 

decreasing magnitude only, which indicated the absence of a large diatom pulse.

The range of chlorophyll values which found at the peak of the spring increase in the 

Fairlie Channel during the course of the present study also encompasses the levels 

found in the Long Island Sound, 20 - 30 pg (Riley and Conover, 1956) and in 

Trondheimsfjord, 15 - 20 pg (Solorzano and Erloch, 1977a).

The spring diatom increase in the Fairlie Channel occurred earlier than that in the 

continental margins off the west coast of Scotland (designated "Area C4" by 

Colebrook and Robinson 1965), occuring between April and May; in the Menai Straits 

occuring during May (A1 - Hassan et al, 1975; Ewins and Spencer, 1967) and in the 

Irish Sea occuring during April and May (Slinn and Eastham,1970, 1971,1972; Slinn 

and Offlow, 1967, 1968, 1969; Sykes, 1969).

Although a typical feature of the temperate waters to have a marked autumnal increase 

in the phytoplankton biomass, which may be true of some oceanic waters and in the 

North Sea (Colebrook and Robinson, 1965) it is not always the case. In the Fairlie 

Channel during the course of this investigation and from the previous studies carried
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out by Hinton (1974) and Hannah (1979), chlorophyll levels rose during September to 

quantities similar to the maximum found during May and June. On some occasions 

continuation of the summer oscillation in chlorophyll levels was all that what seen 

during the autumn period, as in the autumn of 1984. This variability in the levels 

magnitude and timing of the autumn increase was seen in the Trondheimsfjord (Jensen 

"and Sakshaug, 1973) in the Irish Sea, (Slinn and Eastham, 1970, 1972) and in Menai 

Straits (A1 - Hassan et al, 1975; Ewins and Spencer, 1967) although in the latter area the 

chlorophyll levels recorded during the autumn period were similar to the levels found 

during the spring diatom increase.

Similar to the findings in all the previous studies the winter levels of chlorophyll were 

low representing the minimum. Hinton (1974) found that chlorophyll values never 

exceeded 0.05 pg I'l during the winter of 1972 - 1973 and were often undetectable.

Although the levels of productivity recorded during this study were higher, mainly the 

maximum values than those found by Hinton (1974) and Hannah (1979), due to the fact 

that during the present investigation the incubation of samples was carried out in the 

laboratory which provided extremely favourable conditions under which the fixation of 

carbon was carried out, a similar seasonal pattern was found. The fixation levels 

recorded during this study varied significantly at the different seasons. The recorded 

maximum levels of fixation were 599.2 mg C m'3. h 'l for station 11, at surface (on 4 

June); 393 mg C m'3. h 'l for station, 11 at 5 metres depth (on 15 August); 766.7 and 

418.2 mg C m'3. h 'l were the maximum production levels for samples collected from 

station 9, at surface and 5 metres depth respectively. The maximum observed levels of 

fixation recorded by Hannah (1979) were 66.6 mg C m'3. h 'l in July, 1976 and 55.7 mg 

C m'3 . h 'l in September, 1977, indicating similarity with the timing of the maximum 

levels of fixation found during this investigation. Although the levels of photosynthetic 

activity recorded in 10th of September, 1986 were high (136 - 343 mg C m'3. h 'l)
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which was associated with large autumnal population, did not represent a maximum for 

photosynthetic out put, as found by Hannah in 1977.

The pattern of the annual cycle of photosynthetic activity observed during the course of 

this study was similar to that found by Wood et al, (1973) in Loch Etive. Similarly the 

same annual cycle for carbon assimilation was observed by Nielsen (1964a) in waters 

around Denmark. He found that a small production occured in winter followed by a 

sharp increase during the spring, whilst the maximum photosynthetic activity over a 

period of 4 years was recorded during the summer, possibly influenced by rapid 

regeneration of nutrients with higher temperature.

The seasonal variation of phytoplankton photosynthesis was measured by Eloranta and 

Salminen (1984), using^t - method, for a warmed ice free pond in central Finland. 

Simultaneously with in situ measurements they also measured the photosynthetic 

activity in an incubator with different water temperatures and constant light (ca. 16 

Wm^). They found that the total annual photosynthesis was 5 7 . m^ a‘k The portion 

of the winter and spring production of the annual photosynthesis was 18.4%; that of the 

autumn production was 17.4%. Thus 64.3% of the total annual phytoplankton 

photosynthetic o u tpu t occurred in the summer months. The photosynthetic rate per 

unit chlorophyll a varied in situ from 0.94 to 33.1 mg C (mg chi. a)'l d^; the highest 

value was measured in the beginning of July and the lowest in mid - January. The 

photosynthetic rate increased in situ exponentially with increasing water temperature. 

Similarly in the incubator the highest photosynthetic rate values were found in July and 

August (at 2Q0 C). Eloranta and Salminen (1984) stated that light was a limiting factor 

for photosynthesis from September to mid - January, low water temperature was a 

limiting factor from late January through May. Hitchcock and Smayda (1977) stated 

that the initiation of growth in spring is light limited.
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Although the spring and autumn phytoplankton blooms are characteristic of temperate 

waters where thermal stratification occurs during the summer months (e.g. Raymont, 

1976), in well - mixed coastal waters the phytoplankton cycle may consist of a single 

peak of growth during the summer period (Boalch, Harbour and Butler, 1978; Wafar, Le 

Carre and Birrien, 1983). Brander and Dickson (1984) considered evidence from the 

Irish Sea continuous plankton recorder which reflected the phytoplankton growth cycle 

in the well - mixed areas of the sea. These data suggested a single late peak of 

production, in contrast to the bimodal blooms which are known to develop in the 

stratified areas of the Irish Sea (Slinn, 1974). Parker et al, (1988), in their study of the 

phytoplankton production cycle in Belfast Lough, which represented a well - mixed 

area, found that throughout the lough there was a single late peak of phytoplankton 

production similar to that reported in certain well - mixed areas of the Irish Sea and the 

bloom was later and shorter in duration in the deeper waters of the lough, compared 

with the less turbulent nutrient - enriched waters of the inner lough.

The high dark fixation found in 17 February, 1987, which exceeded the light fixation 

was associated with bacterial heterotrophic production. High dark fixation levels in 

marine environment wl previously reported by Morris and Yentsch (1971), Taguchi 

and Platt (1977) and Hannah (1979). Hannah and Boney (1983) stated that dark 

fixation was normally low except for a period in January, 1977 when dark fixation 

levels were high, comparable to or exceeding light fixation levels. A possible 

explanation given by Hannah and Boney (1983) lies in the uptake of C on detritus 

material which formed a large part of the particulate matter, or that the high dark 

production levels were due to bacterial uptake, possibly attached to the detrital material.

In the Bedford Basin (Nova Scotia coast), a small, enriched coastal inlet, Taguchi and 

Platt (1977) found that the assimilation o / ^  in the dark varied from 20% (summer) to 

200% (winter) of the assimilation in the light. They estimated the annual fixation of

369



C02 in the dartk to be 50 g C ni* .̂ year! or about 25% of the estimated annual 

photosynthetic production of 200 g C m-^. y e a r  k

In their study of the bacterioplankton biomasses and productivities, as well as 

chlorophyll a concentrations and phytoplankton productivities in Howe Sound, a 

temperate fjord - sound on the southern coast of British Columbia (Canada), Albright 

and McCrae (1987) found that bacterial production occurred throughout the year, 

although at reduced rates in late fall and early winter; primary production almost ceased 

during late fall and early winter. Because of this heterotrophic bacterioplankton 

production was a very large portion of the microbial (bacterial and plankton) production 

at this time. In mid - summer bacterial production was a small proportion of the 

microbial production. In relation to the phytoplankton activities Albright and McCrae 

(1987) found that from approximately mid - winter to early - summer they had 

generally moderate and variable fixation levels, whilst when the euphotic zone of the 

water column stabilized in June through September, photosynthetic activity greatly 

increased and remained high. By October fixation levels greatly decreased and 

remained low through December.

The interpretation of C - uptake rates in the plankton is considerably complicated by 

ecological interaction between components of the microbial community (Peterson, 

1980; Jackson, 1983; Smith et al, 1984). It has been suggested that C - uptake will 

severely under estimate net primary productivity when phytoplankton are growing 

rapidly (as during the spring diatom increase), but net - population increase is kept in 

check by high loss rates to grazers (Sheldon and Sutcliffe, 1978).

In temperate sea areas, where there was a considerable variation in temperature, light 

and nutrient concentration throughout the year, there is a frequently a marked change in 

species composition of the phytoplankton cc^unity (seasonal - succession), 

accompanying fluctuations in the total number of the phytoplankton population.
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The pattern of seasonal succession of phytoplankton observed during the course of the 

present investigation showed a clear similarity to that observed by Hinton (1974) and 

Hannah (1979)for the Fairlie Channel and by Marshall and Orr (1927) for Loch Striven 

in 1926. During the spring diatom increase of 1984, 1985, 1986 and 1987 the dominant 

species was Skeletonema costatum which is a typical vernal diatom of the Clyde sea 

area. The complete dominance of Skeletonema reported on several occasions in Loch 

Striven (Marshall and Orr, 1930) was observed during the late spring of 1986 (on 2nd 

and 9th of April). During the spring diatom increase the accompanying diatoms to 

Skeletonema were generally Thalassiosira nordenskioldii, Coscinodiscm  spp and 

Nitzschia seriata. During the spring diatom increase of 1985, on 6th and 13th of March 

the diatom Leptocylindrus danicus was found in considerable numbers (23 - 51.99% of 

the total biomass). Green flagellates were found in considerable numbers during the 

spring and summer periods of this study, in accordance with the findings of Marshall et 

al, 1934, during the spring diatom increase in 1932 and 1933 for Loch Striven and with 

the observations reported by Marshall and Orr (1962) for the spring and summer 

periods.

During the summer period the algal population had a larger diversity of species 

composition than that found during the spring and a larger number of flagellates. The 

same features were reported by Hinton (1974) and Hannah (1979). The summer 

population included dinoflagellates (Protoperidinium and Ceratium spp) and diatoms 

(Chaetoceros spp; Grammatophora marina ; Leptocylindrus danicus ; N^^tzschia spp 

and Rhizosolenia spp). Also observed during this period was the silicoflagellate 

Dictyocha speculum.

During the autumn period flagellated forms become relatively abundant; also during 

this period the diatoms Coscinodiscus spp, Navicula spp, S. costatum and T. 

nordenskioldii were observed frequ^tly . The same findings were reported by Hinton

(1974) and Hannah (1979) for the Fairlie Channel. During the winter period the
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number of algal species increased, while the abundance of most species was reduced. 

One of the important features of this period was the absence of a clearly dominant 

species e.g, during the winter of 1984 the diatoms Coscinodiscus - spp, Diatoma spp, 

Navicula spp, S. costatum and T. nordenskioldii were all common. The only recorded 

exception was recorded on the 5th of December when S. costatum was dominant (79.14 

- 88.45% of the total biomass). The absence of a clear dominant species during the 

winter period in temperate seas was also observed in some of the previous 

investigations including that of Hinton (1974) and Hannah (1979).

It has been assumed, in the past that diatoms were the major contributors to the total 

primary productivity in the Clyde Sea area. Marshall and Orr (1927) found that the 

changes in chemical factors coincided with changes in diatom numbers and these were 

therefore assumed to be the most important producers in the Firth of Clyde. Hannah 

(1979) stated that the probable role of the nanoplankton fraction of the phytoplankton 

population needs to be considered, especially in terms of its contribution to both 

biomass and productivity. During the course of the present investigation the 

contribution of the netplankton, nanoplankton and picoplankton fractions to the total 

primary production was considered.

The ecological importance of the net and nanoplankton fractions was related with the 

role of the cell size in the algal community. Odum (1956) and Williams (1964) stated 

that the shorter generation times and higher growth rates were associated with small 

cells, due to the high surface area to volume ratios of those small cells. In their 

discussion of the changes in nanoplankton organisms and their contribution to the 

chlorophyll a and productivity in the Fairlie Channel Hannah (1979) and Hannah and 

Boney (1983) stated that the nanoplankton population was made up mostly of small 

flagellates (<10 pm), of which most ranging between 2 - 5 pm; and this fraction formed 

a stable part of the total phytoplankton population. The seasonal variation of the 

netplankton population production was much wider than that of the nanoplankton
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fraction; the same was reported by Hannah (1979) and Hannah and Boney (1983). The 

relative stability and constancy of the nanoplankton in comparison with the net plankton 

was reported on many occasions. Marshall (1974) found in Loch Craiglin that the 

numbers of small flagellates varied greatly, whilst there was no great increase of small 

flagellates at any time as there was with diatoms nor there any time of the year when 

they were very scarce.

During the present study although the netplankton contribution to the total 

photosynthetic activity was high the nanoplankton size fraction was the major 

contributor to the total phytoplankton productivity during the spring bloom (50 - 

57.6%). During the spring of 1987 green flagellates were found in considerable 

numbers. Also during the late autumn bloom (on 27 October) the nanoplankton 

fraction accounted for most of the total productivity (56.73 - 63.67%); again on this 

date green flagellates were found in considerable numbers (21 - 38.88% of the total 

biomass). Hannah (1979) reported that while the contribution of the netplankton is high 

during bloom conditions, over the annual cycle the nanophytoplankton composed 

mainly of small flagellates, contributed at least 50% to the chlorophyll and productivity. 

Hannah and Boney (1983) stated that the results obtained for the Fairlie Channel station 

showed that the nanophytoplankton fraction (<20 pm) made the major contribution to 

carbon fixation in late autumn and winter, and at times in the summer months. In the 

Celtic Sea, at station E l in the English Channel, Pingree et al, (1976) found that the 

relative contribution of the nanoplankton size fraction (<5 pm) was 70% before and 

after the spring bloom and fell below 10% during, although the actual production by the 

nanoplankton also increased during the bloom.

In a Norwegian fjord Lannergren and Skjoldal (1975) found that the increase in the 

number of small flagellates was regular and slow and did not seem to be effected by the 

changes in nutrient quantities, in contrast to the large fluctuation of diatoms. In the 

open waters of the English Channel, at station E l Boalch et al, (1978) found that small
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flagellates occurred throughout the year and did not show a marked seasonal 

fluctuations as did the diatoms and larger species, thus small flagellates did not alter the 

seasonal contribution but just increased the whole scale of cell numbers by about one - 

fifth. Malone (1971a) stated that in the Californian current there is a little seasonal 

variation in the nanoplankton productivity in comparison with that of the netplankton 

population which was associated with the upwelling. Others including Yentsch and 

Ryther (1959), and Teixeira et al, (1967), indicated that the nanoplankton fraction 

represented the more stable component of the phytoplankton population; also they 

stated that the nanoplanktons were less influenced by the changes of seasons. Hannah 

(1979) stated that in the Firth of Clyde, the relative importance of the net and 

nanophytoplankton fractions showed a marked seasonality. During late autumn, winter 

and early spring, the major part of the phytoplankton biomass is composed of 

nanoplankton whilst during the spring and summer the diatoms were dominant. Malone 

(1981) reported that the observed seasonality or net to nanoplankton transitions could 

be as a response to changes in temperature, water column stability and nutrient 

availability.

Mullin (1963) stated that the relative levels of netjand nanophytoplankton productivity 

and standing crop was reflected in the distribution and abundances of herbivores which 

selectively graze one group or the other. Cole (1936), Bruce et al. (1940), Beers and 

Stewart (1969) and Parsons and Le Brasseur (1970) stated that the nanoplankton 

fraction appear to be grazed mainly by planktonic invertebrate larvae and 

microzooplanktons, whilst the copepods selectively graze on the netplankton fraction 

(Marshall and Orr, 1955; Richman and Rogers, 1969; Richaman et al, 1977). Marshall 

(1949), in a study of the gut content of Microcalanus and Oithona spp, found that the 

nanoplankton may provide a food source for the nauplii and adults of the smaller 

species of copepods found in the Firth of Clyde. The nanoplankton fraction found to be 

the essential food source for the microzooplankton in the Strait of Georgia, British 

Columbia (Parsons and Le Brasseur, 1970). Gold (1973) and Heinbokel (1978), stated
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that if the microzooplankton were the principal consumers of the nanoplankton fraction, 

then the relatively short generation times of the microzooplankton, doubling times of 12 

- 24 hours have been recorded for tintinijds, which could mean that the coupling 

between the phytoplankton production and primary consumers might be much closer 

with food chains based on the nanoplankton fraction than for those which are diatom 

based with larger crustaceans. Hannah and Boney (1983) reported that this close 

coupling between primary and secondary consumers would tend to prevent the rapid 

fluctuations in the numbers of nanoplankton; this might explain the relative stability of 

the nanoplankton size fraction during the different seasons in the Firth of Clyde.

During the course of the present investigation a substantial fraction of the primary 

production occurred in the size fraction >0.45<5 pm, which included the picoplankton 

fraction (0.2 - 2 pm). During this study the contribution of the picoplankton fraction to 

the total photosynthetic activity was discussed within the size limits of the nanoplankton 

population (0,45 - 10 pm). The picoplankton fraction accounted for levels ranging 

from 5.86 to 32.2%of the total photosynthetic output during the course of the present 

investigation (from 15 August 1986 to 8 April 1987). The contribution of picoplankton 

to the total productivity varies and has been reported to be as high as 80% of the daily 

carbon fixation for the tropical Pacific Ocean (Li et al, 1983); Gieskes et al, (1979) 

working in the tropical Atlantic, found between 20 and 30% of the production in the <1 

pm size fraction; and up to 60% for the subtropical Atlantic (Platt et al, 1983). The 

importance of picoplankton production appears to be less in temperate waters; Joint 

and Pomroy (1983) found that picoplankton accounted for 20 to 30% of the primary 

production in the Celtic Sea in summer and Douglas (1984) reported values of 12.7 to 

29.7% for the continental shelf off Nova Scotia. Larsson and Hagstrom (1982) reported 

that in temperate waters the picoplankton contributed up to 25% of the phytoplankton 

biomass comprised of organisms which passed through a 3pm filter. During this 

investigation the picoplankton fraction was responsible for significant part of the total 

phytoplankton productivity (5.86 - 11.6% of the summer production, for 8.8 - 29.6% of
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autumn production, 11.2 - 32.2% of the winter photosynthetic activity and for 17.87 - 

20.9% of the spring photosynthetic out put). It is evident that the highest levels of 

contribution to the total primary productivity was recorded during the times of low 

nutrient levels; this in agreement with the findings of Dugdale, 1967; Eppley et 

1969; Malone, 1971, 1977; McCarthy et al, 1974. Larsson^ and Hagstrom2 (1982) 

reported that the occurrence of picoplankton coincides with the depletion of nutrients 

from the water column.

The findings from the present study showed a close similarity with those reported by 

Joint, Owens and Pomroy (1986), in their measurement of the primary production by 

picoplankton and other phytoplankton in all seasons in the Celtic Sea. They reported 

that picoplankton production was greastest during the summer but was always less than 

that of small nanoplankton. Larger phytoplankton (>5 pm) was quantitatively the most 

important only for a short period of the spring diatom bloom. In winter small 

nanoplankton (<5 to >1 pm) accounted for almost 70% and picoplankton for 13% of 

the daily primary production. These findings were consistent with the data of Hannah 

and Boney (1983) who found that nanoplankton was responsible for all of the carbon 

fixation in the Firth of Clyde, in winter. Although the measurement of primary 

production made in 15 August, 1986 for the different size fractions are the only data for 

the late summer, in the Fairlie Channel but I believe that the rates measured are 

indicative of summer conditions.

The fate of picoplankton and small nanoplankton is unknown; the recent hypotheses of 

Azam et al, (1983) on the functioning of the microbial food web suggest that protozoan 

microflagellates are important in grazing bacteria and presumably also picoplankton. 

However, Joint and Williams (1985) calculated that there were insufficient 

heterotrophic microflagellates present in 1982 to make a significant grazing impact on 

picoplankton but the production of the heterotrophic microflagellates probably balanced 

the production of the heterotrophic bacteria. Joint et M, (1986) stated that the fate of
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(f
picopmkton production is still not known and the rate of which picoplankton and small 

nanoplankton production is incorporated into the food web requires quantification.

The observed changes during this study in the standing crop levels in terms of 

chlorophyll a quantities, total number of phytoplankton cells and amount of fixed 

was typical of temperate region and similar to those reported by Hinton (1974), Hannah 

(1979) and Hannah and Boney (1983) for the same area.

The seasonal changes in nutrient levels were also typical of the area with the maximum 

levels being recorded during the winter period at the time of low algal biomass, whilst 

the minimum nutrient quantities were found during the spring diatom increase and 

during the summer period.

The maximum standing crop levels were found during the spring diatom increase with 

variable but lower summer levels, small autumnal peaks and minimum winter 

quantities. Also found that the spring increase occured during late March and early 

April, with a duration of two to three weeks. The seasonal variations in the 

phytoplankton standing crop in terms of chlorophyll a levels, total number of algal cells 

and the rate of photosynthetic out put showed a very close relationship to each other 

mainly during the spring bloom and the winter decrease. The levels of standing crop 

during the spring and summer at the time of favorable weather conditions was limited 

by the availability of nutrients, whilst during autumn and winter at the time of high 

nutrient levels the standing crop quantities were climatic dependent.

During the spring increase in standing crop levels the maximum chlorophyll a quantities 

were recorded at the first spring peak, whilst the subsequent peaks were of decreasing 

magnitude, with the final early summer peak having chlorophyll a levels equal to 

those recorded in the initial spring peak. This feature was most evident during the 

spring and early summer of 1986.
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In terms of photosynthetic ou/put although the presence of spring and autumnal peaks 

was evident with higher rates of production in the latter season, the maximum 

photosynthetic activity was recorded during the summer (4 June, 1986) possibly

influenced by a rapidoly regenerated nutrients with higher temperature and longer
C r \

sunshine hours. A progr/ssive increase in the photosynthetic out put was recorded

during the spring of 1987, in contrast to that of 1986 in which only a single peak was

recorded.

During the course of the present study the contribution of the net -, nano - and 

picophytoplankton fractions to the total photosynthetic out put was considered. 

Although the nanophytoplakton size fraction was the major contributer to the total 

phytoplankton productivity, the contribution of the netphytoplankton population to the 

total photosynthetic activity was relatively high. This might be in part as a result o f the 

relative stability and constancy of the nanophytoplankton in comparison with the 

netphytoplankton and to the shorter generation times and higher growth rates associated 

with the smaller nanophytoplankton cells. The picophytoplankton fraction accounted 

for a significant part of the total phytoplankton production.

During the spring diatom increase the dominant species were Skeletonema costatum 

and Thalassiosira nordenskioldii, accompanied by Coscinodiscus spp and Nitzschia 

seriata. Leptocylindrus danicus also found in considerable numbers during the spring 

of 1985. During the spring diatom increase a competitive succession between 

Skeletonema costatum and Thalassiosira nordenskioldii was observed the outcome 

of which might be controlled by the following factors: 1) The initial concentration of 

nutrients. 2) Their differences in sinking rates. 3) The size of initial inoculum of the 

two species at the beginning of the bloom and 4) The relative rates of multiplication of 

the two species.
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A larger diversity of species composition was found during the summer than during 

spring together with a larger number of flagellates. The summer population was made 

up of dinoflagellates {Protoperidinium and Ceratium spp) and diatoms {Chaetoceros 

spp; Grammatophora marina; Leptocylindrus danicus; Nitzschia spp and 

Rhizosolenia spp). The silicoflagellate Dictyocha speculum was also observed. 

During the autumn period flagellated forms, mainly dinoflagellates composed 

predominantly of the genus Ceratium, become relatively abundant together with the 

frequent observations of Coscinodiscus spp; Navicula spp; S. costatum and 

Thalassiosira nordenskioldii. During the winter period an increase in the number of 

algal species, accompanied by a reduction in the abundance of most species was 

recorded. Also a feature of the winter period was the absence of clearly dominant 

species.

The benthic organisms were found to be most numerous during autumn and winter 

months, at the time of strong winds and turbulent seas.

379



REFERENCES

Allen, J . H. (1966). On the hydrography of the Clyde. Proc. lOth Internat. Conf. 

Coastal Eng., 1360-1374.

Al-Hassan, R. H., Coughlan, S. J., Pant, A. and  Fogg, G. E. (1975). 

Seasonal variations in phytoplankton and glycollate concentration in the Menai Straits, 

Anglesey. J. Mar. Biol. Ass. UK., 55, 557-566.

A lbright, L. J . and M cCrae, S. K. (1987). Annual bacterioplankton biomasses 

and productivities in a temperate west coast Canadian fjord. Appl. Environ. 

Microbiol, 53, 1277-1285.

Anderson, G. C. (1965). Fractionation of phytoplankton communities off the 

Washington and Oregon coasts. Limnol. Oceanogr., 10, 477-480.

A rm strong, F. A. J . (1951). The determination of silicate in sea water. J. Mar. 

Biol. Ass. UK., 30, 149-160.

Arm strong, F. A. J . (1958). Phosphorus and silicon in sea water off Plymouth 

during 1956. J. Mar. Biol. Ass. Uk., 37, 371-377.

A rm strong, F. A. J . (1963). The determination of nitrate in water by ultra-violet 

spectrophotometry. Anal. Chem., 35, 1292-1294.

A rm strong, F. A. J ., Butler, E. I. and Boalch, G. T. (1970). Hydrographic 

and nutrient surveys in the western English Channel during 1961-1962. J. Mar. Biol. 

Ass. Uk., 50, 883-905.

Atkins, W. R. G. (1928). Seasonal variations in the phosphate and silicate content 

of sea water during 1926 and 1927 in relation to the phytoplankton crop. J. Mar. Biol. 

Ass., 15, 191-205.

Atkins, W. R. G. (1945). Autotrophic flagellates as the major constituent of oceanic 

phytoplankton. Nature. 156, 446-447.

Azam, F., Fenchel, T., Field, J . G., Gray, J . S., M eyer-Reil, L. A., 

Thingstad, F. (1983). The ecological role of water column microbes in the sea. Mar. 

Ecol. Prog. Ser., 10, 257-263.

380



Ballantine, D. (1953). Comparison of the different methods of estimating 

nanoplankton. J. Mar. Biol. UK., 32, 129-147.

Bannister, T. T. (1974). A general theory of steady state phytoplankton growth in a 

nutrient saturated mixed layer. Limnol. Oceanogr., 19, 13-30.

Bense, K. (1976). Rates of growth, respiration and photosynthesis of unicellular algae 

as related to cell size - a review. J. Phycol., 12, 135-140.

Barnes, H. (1955). Climatological and salinity data for Millport, Scotland. Glasgow 

Naturalist. 17, 193-204.

B arnes, H. (1957). Nutrient elements in Treatise in Marine ecology and paleo 

ecology, vol. 1, Geol. Soc. Amer., memoir., 67, 297-344,

B arnes, H. and Goodley, E. F. W. (1961). The general hydrography of the Clyde 

Sea Area. Bull. Mar. Ecol., 5, 112-150.

B arre tt, J. and Jeffrey, S. W. (1964). Chlorophyllase and formation of an 

atypical chlorophyllide in marine algae. PI. Physiol., Lancaster. 39, 44-47.

B arre tt, J. and Jeffrey, S. W, (1971). A note on the occurrence of chlorophyllase 

in marine algae. J. Exp. Mar. Ecol., 7, 255-262.

B eardall, J. and M orris, I. (1976). The concept of light intensity adaption in 

marine phytoplankton: Some experiments with Phaedactylum trieornutum. Mar. 

Biol., 37, 377-387.

Beers, J. R. and Stewart. G. L. (1969). The vertical distribution of 

microplankton and some ecological observations. J. Cons. Int. Eplor. Mer., 33, 30- 

44.

Beers, J. R. and Stewart, G. L. (1969). Microzooplankton and its abundance 

relative to the larger zooplankton and other ses ton components. Mar. Biol., 4, 182- 

189.

Beers, J . R., Reid, F. H. H. and  Stew art, G. L. (1975). Microplankton of the 

North Pacific Central Gyre. Population structure and abundance June 1973. Int. Rev. 

Gesamten Hydrobiol., 60, 607-638.

381



Bendschneider, K. and Robinson, R. J. (1952). A new spectrophotometric 

determination of nitrite in sea water. / .  Mar. Res. 11, 87-96.

Berman, T. (1975). Size fractionation of natural aquatic populations associated with 

autotrophic and heterotrophic carbon uptake. Mar. Biol., 33, 215-220.

Bienfang, P. K. and Szyper, J. P. (1981). Phytoplankton dynamics in the 

subtropical Pacific Ocean off Hawaii. Deep. Sea. Res., 28A, 981-1000.

Bienfang, P. K. and Takahashi, M. (1983). Ultraplankton growth rates in a 

subtropical ecosystem. Mar. Biol., 76, 213-218.

Bienfang, P. K., Szyper, J. P., Okamoto, M. Y. and Noda, E. K. (1984). 

Temporal and spatial variability of phytoplankton in a subtropical ecosystem. Limnol. 

Oceanogr., 29, 527-539.

Boalch, G. T., Harbour, D. S., and Butler, E. (1978). Seasonal phytoplankton 

production in the western English Channel 1964-1974. J. Mar. Biol. A55. UK., 58, 

943-953.

Boney, A. D. (1986). Seasonal studies on the phytoplankton and primary production 

in the inner Firth of Clyde. Proc. Roy. Soc. Edinb. 90B, 203-222.

Braarud, T. (1973). Natural history of the Hardanger fjord 11. The fjord effect on 

the phytoplankton in late autumn to early spring 1955-1956. SARSIA, 55; 99-114. 

Brander, K. M. and Dickson, R. R. (1984). An investigation of the low level of 

fish production in the Irish Sea. Rapport et Procès - Verbaux des reunions. Conseil 

Permanent international pour L'exploration de la mer., 183, 234-242.

Broecker, W. S. and Peng, T. H. (1982). Tracers in the sea. Eldigio.

Bruce, J. R., Knight, M. and Parke, M. (1940). The rearing of oyster larvae on 

an algal diet. J. Mar. Biol. As5. UK., 24, 337-374.

Burton, J. D., Leatherland, T. M. and Liss, P. S. (1970). The reactivity of 

dissolved silicon in some natural waters. Limnol. Oceanogr., 15, 473-476.

382



Butler, E. L, Corner, E. D. S. and Marshall, S, M. (1970). On the nutrition 

and metabolism of zooplankton. V I I. Seasonal survey of nitrogen and phosphorus 

excretion by Calanus in the Clyde Sea Area. J. Mar. Biol. A55. Uk., 50, 525-560.
V

Clele - Euler. A. (1968). Die Diatomeen vou Schweden und Finnland. 1951-

1955. (Kungl. Sv. Vetensk. Hand. 4, 2 and 5). Reprinted in Bibl. Phyc. 5.

Cole, H. A. (1936). Experiments in the breeding of oysters {Ostrea edulis ) in tanks 

with special reference to the food of the larva and spat. Fish. Invest. Ministr. Agric. 

Fish. Food (G. B.) ser. II., 15, (4), 28pp.

Colebrook, J. M. and Robinson, G. A. (1965). Continuous plankton records: 

Seasonal cycles of phytoplankton and copepods in the north - eastern Atlantic and the 

North sea. Bull. Mar. Ecol., 6, 123-140.

Collar, H. R. F. (1974). The Clyde Estuary current knowledge of water and 

sediment movement. Clyde Estuary and Firth, NERC PubL, Series C, No. 11, 10- 

13.

Conover, R. J. (1966). Feeding on large particles by Calanus hyperboreus 

(Kroyer). In, Some Contemporary Studies in Marine Science, edited by H. Barnes, 

George Allen and Unwin, London. 187-194.

Cooper, L. H. N. (1933). Chemical constituents of biological importance in the 

English Channel Pt 1, phosphate, silicate, nitrate, nitrite and ammonia. / .  Mar. Biol. 

Ass. UK., 18, 677-727.

Cooper, L. H. N. (1937). On the ratio of nitrogen to phosphorus the sea. J. mar. 

Biol. Ass. UK., 22, 177-182.

Curl, H. and Small, 1. F. (1965). Variations in photosynthetic assimilation ratios 

in natural, marine phytoplankton communities. Limnol. Oceanogr., 10 (suppl.), 67- 

73.

Cushing, D. H. and Nicholson, H. F. (1963). Studies on a Calanus patch IV 

Nutiient salts off the north - east coast of England in the spring of 1954. J. Mar. Biol. 

Ass. Uk., 43, 373-389.

383



Digby, P. S. B. (1953). Plankton production in Scoresby Sound, East Greenland. J. 

Anim. Ecol,, 22, 289-322.

Dooley, H. D. and Steele, J. H. (1969). Wind driven current near a coast. 

Deutsche Hydrograph Zat., 22, 213-223.

Douglas, D. J. (1984). Microautoradiography - based enumeration of photosynthetic 

picoplankton with estimates of carbon specific growth rates. Mar. Ecol. Proq. Ser. 

14, 223-228.

Dunstan, W. M. (1973). A comparison of the photosynthesis - light intensity 

relation ship in phylogenetically different marine micro algae. J. Exp. Mar. Biol. 

Ecol, 13, 181-187.

Durbin, E. G., Krawiek, R. W. and Smayda. T. J. (1975). Seasonal studies on 

the relative importance of different size fractions of phytoplankton in Narragansett Bay 

(U. S. A). Mar. B io l, 32, 271-287.

Durbin, E. G. (1977). Studies on the autecology of the marine diatom Thalassiosira 

nordenskioldii. 2. The influence of cell size on growth rate and carbon, nitrogen, 

chlorophyll a and silica content. J. Phycol, 13, 150-155.

Dussart, B, M. (1965). Les différentes categories de plankton. Hydrobiologia. 26, 

72-74.

Edmondson, W. T. (1970). Phosphorus, nitrogen, and algae in lake Washington 

after diversion of sewage. Science. 169, 690-691.

Edmondson, W. T. and Lehman, J. T. (1981). The effect of changes in the 

nutrient income on the condition of lake Washington. Limnol. Oceanogr., 26, 1-29. 

Eloranta, P. V. and Salminen, R. (1984). Phytoplankton primary production in a 

eutrophic cooling water pond. Hydrobiologia. 118 (3), 267-274.

Eppley, R. W. and Sloan. P. R. (1966). Growth rates of marine phytoplankton; 

correlation with light absorbtion by chlorophyll a. Physiol. Plant., 19, 47-59.

384



Eppley, R. W., Holmes, R. W. and Strickland. J. D. H. (1967). Sinking rates 

of marine phytoplankton measured with a fluorimeter. / .  Exp. Mar. EcoL, 1, 191- 

208.

Eppley, R. W. and Thomas, W. H. (1969). Comparison of half - saturation 

constants for growth and nitrate uptake of marine phytoplankton. J. PhycoL, 5, 375- 

379.

Eppley, R. W., Rogers, J. N. and McCarthy, J. J. (1969). Half - saturated 

constants for uptake of nitrate and ammonium by marine phytoplankton. Limnol. 

Oceanogr., 14, 912-920.

Eppley, R. W. (1972). Temperature and phytoplankton growth in the sea. Fish. 

Bull. U. S., 70, 1063-1085.

Eppley, R. W,, Renger, E. H., Harrison, W. G. and Cullen, J. J. (1979). 

Ammonium distribution in southern California coastal waters and its role in the growth

of phytoplankton. Limnol. Oceanogra., 24, 495-509.

Ewins, P. A. and Spencer, C. P. (1967). The annual cycle of nutrients in the

Menai Straits. J. Mar. Biol. A55. UK., 47, 533-542.

Fasham, M. J. R., Holligan, P. M. and Pugh, P. R. (1983). The spatial and 

temporal development of the spring phytoplankton bloom in the Celtic Sea, April 1979. 

Prog. Oceanogr., 12, 87-145.

Fay, R. R. (1975). Significance of nanoplankton in primary production of the Ross 

Sea, Antarctica, during the 1972 austral summer. Ph. D. thesis, Texas A & M 

University, College Station, Texas.

Findenegg, I. (1965). Relationship between standing crop and primary productivity. 

Mem. 1st. Ital. IdrobioL, 18, 271-289.

Friebele, E. S., Correl, D. L. and Faust, M. A. (1978). Relationship between 

phytoplankton cell size and the rate of orthophosphate uptake: In situ observations of 

an estuarine population. Mar. Biol., 45, 39-52.

385



Furet, J. E, and Benson - Evans. (1982). An evaluation of the time required to 

obtain complete sedimentation of fixed algal particles prior to enumeration. J. Bri. 

PhycoL, 17 (3), 253-258.

Furnas, M. J. (1983). Community structure, biomass and productivity of size - 

fractionated summer phytoplankton populations in lower Narragansett Bay, Rhode 

Island. J. Plankton. Res., 5, 637-655.

Furnas, M. J. (1987). Effects of prescreening on productivity of size - fractionated 

phytoplankton. Limnol. Oceanogr., 32 (2), 483-491.

G arrison, D. L. (1976). Contribution of the netplankton and nanoplankton to the 

standing stocks and primary productivity in Monterey Bay, California during the 

upwelling season. Fish. Bull. NOAA., 74, 183-194.

Gauld, D. T. (1950). A fish cultivation experiment in an arm of a sea loch. III. The 

plankton of Kyle Scotnish. Proc. R. Soc. Edinb. (B)., 64, 36-64.

Geider, R. J., Platt, T. and Raven, J. A. (1986). Size dependence of growth and 

photosynthesis in diatoms: a synthesis. J. Mar. Ecol. Prog, Ser., 30, 93-104.

Gelin, C. (1975). Nutrie’̂ ts, biomass and primary productivity of nanoplankton in 

eutrophic lake Vombsjon, Sweden. Oikos., 26, 121-139.

Gieskes, W. W., Kraay, G. W. and Baars, M. A. (1979). Current C^^ methods 

for measuring primary production: gross under estimates in oceanic waters. Neth. J. 

Sea. Res., 13, 58-78.

Gilmartin, M. (1964). The primary production of a British Columbia Fjord. J. Fish. 

Res. Bd. Canada., 21, 505-538.

Glover, H, E., Keller, M. D. and Guillard, R. R. L. (1986). Light quality and 

oceanic ultraphytoplankters. Nature. 319, 142-143.

Gold, K. (1973). Methods for growing in continuous culture. Am. ZooL,

13, 203-208.

386



Goldman, J, C., McCarthy, J. J. and Peavy. D. G. (1979). Growth rate 

influence on the chemical composition of phytoplankton in oceanic waters. Nature. 

279, 210-215.

Gross, F. (1937). Notes on the culture of some marine plankton organisms. J. Mar. 

Biol. Ass. UK., 21, 753-768.

Halldal, P. (1970). The photosynthetic apparatus of micro algae and its adaptation to 

environmental factors. In: Photobiology o f Microorganisms. Halldal. P. (ed.), 

London: Wiley Inter - Science, pp 17-55.

Hannah, F. J. (1979). Studies on the nanophytoplankton o f the Firth o f Clyde. 

Ph. D. thesis, University of Glasgow.

Hannah, F. J. and Boney. A. D. (1983). Nanophytoplankton in the Firth of Clyde, 

Scotland: Seasonal abundance, carbon fixation and species composition. J. Exp. Mar. 

Biol. Ass. Uk., 67, 105-147.

Harvey, H.W. (1950). production of living matter in the sea off Plymouth. J. Mar. 

Biol. Ass. UK., 29, 97-137.

Harrison, P. J. and Davis, C. O. (1977). Use of the perturbation technique to 

measure nutrient uptake rates for natural phytoplankton population. Deep. Sea. Res., 

24, 247-255.

Hasle, G. R. and Smayda, T. J. (1960). The annual phytoplankton e y e le t Drlak, 

Oslo fjord. Nytt. Mag. Fur Bot., 8, 53-75.

Hecky, R. E. and Kilham, P. (1988). Nutrient limitation of phytoplankton in fresh 

water and marine environments: A review of recent evidence on the effects of

enrichment- Limnol. Oceanogr., 33, (4, part 2), 796-822.

Heinbokel, J. F. (1978). Studies in the functional role of tintinnids in the southern 

California Bight. 1. Grazing and growth rates in laboratory cultures. Mar. Biol., 47, 

177-189.

387



Hendey, N. I. (1964). An introductory account o f the the smaller algae o f  

British Coastal Waters. Part V. Bacillariophyceae (Diatoms). Min. Agric. Fish. 

Food, Fisheries Invest. Series IV, H, M. S. O., London, 317 pp.

Herbland, A. and Le Bouteiller, A. (1981). The size distribution of phytoplankton 

and particulate organic matter in the equatorial Atlantic Ocean: Importance of 

ultraseston and consequences. J. Plankton Res., 3, 659-673.

Hinton, G. C. F. (1974). Studies on the phytoplankton o f the Firth o f Clyde. 

Ph. D. thesis. University of Glasgow.

Hitchcock, G. L. and Smayda, T. J. (1977). The importance of light in the 

initiation of the 1972-1973 winter - spring diatom bloom in Narragansett Bay. Limnol. 

Oceanogr., 22, 126-131.

Holmes, R. W. (1958). Size fractionation of photosynthetic phytoplankton. Spec. 

Sci, Rep, Fish. 279, 69-71.

Holmes, R. W. and Anderson, G. C. (1961). Size fractionation of Cl^ labelled 

natural phytoplankton communities. In, Symposium on marine microbiology, edited 

by C. H, Oppenheimer, & Charles. C. Thomas, Springfield, Illinois, U. S. A., 241- 

250.

Holligan, P. M. and Harbour, D. S. (1977). The vertical distribution and 

succession of phytoplankton in the western English Channel in 1975 and 1976. J. Mar. 

Biol. Ass. UK., 57, 1075-1093.

Holligan, P. M., Pingree, R. D. and Mardell, G. T. (1985). Oceanic solutions, 

nutrient pulses and phytoplankton growth. Nature. 314, 348-350.

Iturriaga, R. and Mitchell, B. G. (1986). Chroococcoid cyanobacteria: A 

significant component in the food web dynamics of the open ocean. Mar. Ecol. Prog. 

Ser., 28, 291-297.

Jackson, G. A. (1983). Zooplankton grazing effects on C^^ based phytoplankton 

production measurements: a theoretical study. J. Plankton Res., 5, 83-94.

388



Jeffrey, S. W. (1974). Profiles of photosynthetic pigments in the ocean using thin - 

layer chromatography. Mar. B io l, 26, 101-110.

Jensen, A. and  Sakshaug, E. (1973). Studies on the phytoplankton ecology of the 

Trondheims fjord. II. Chloroplast pigments in relation to abundance and physiological 

state of the phytoplankton. / .  Exp. Mar. B iol, 11, 137-155.

Jenkins, W. J . and Goldm an, J. C. (1985). Seasonal oxygen cycling and primary 

production in the Sargasso Sea. J. Mar. Res., 43, 465-491.

Johnston, R., Adams, J . A. and Dooley, H. D. (1971). Some observations on 

the hydrography, chemistry and plankton of the Firth of Clyde in relation to nitrate - 

rich effluents. DAFS Int. Rep., No. IR, 29-71.

Johnston, R., Adams, J , A, and Dooley, H. D. (1974). Some observations on 

the hydrography, chemistry and plankton of the Firth of Clyde in relation to nitrate - 

rich effluents. The Clyde Estuary and Firth. N ER C publ, No. 11. 16-21.

Johnson, P. W. and  Sieburth, J . McN. (1979). Chroococcoid cyanobacteria in 

the sea: a ubiquitous and diverse biomass. L m n o l Oceanogr., 24, 928-935.

Jo in t, I. R. and  W illiams, R. (1985). Demands of the herbivore community on 

phytoplankton production in the Celtic Sea. Mar. B io l, 87, 297-306.

Jones, M. and Spencer, C. P. (1970). The phytoplankton of the Menai Straits., J.

Cons. Int. Explor. Mer., 33, 169-180.

Jones, K. J . (1979). Studies on nutrient levels and phytoplankton growth in a 

Scottish Sea Loch. Ph. D. thesis, University of Strathclyde.

Jo in t, I. R. and Pom roy, A. J . (1983). Production of picoplankton and small

nanoplankton in the Celtic Sea, Mar. B io l, 77, 19-27.

Jo in t, I. R., Owens, N. J . P. and Pomroy, A. J . (1986). Seasonal production 

of photosynthetic picoplankton and nanoplankton in the Celtic Sea. Mar. E co l Prog. 

Ser., 28, 251-258.

Jorgensen, E. G. (1969). The adaptation of plankton algae. IV. Light adaptation in 

different algal species. Physiol Plant., 22, 1307-1315.

389



Kalff, J. (1972). Netplankton and nanoplankton production and biomass in a north 

temperate zone lake. Limnol. Oceanogr., 17, 712-720.

K aw am ura, T. (1960). Data on phytoplankton photosynthetic activity. Data Rec. 

Oceanogr. Obs. Explor. Fish. (Hokkaido). 5, 142-165.

K night - Jones, E. W. and W alne, P. R. (1951). Chromulina pusilla Butcher, a 

dominant member of the ultraplankton. Nature. 167, 445-446.

K rem pin, D. W. and  Sullivan, C. W. (1981). The seasonal abundance, vertical 

distribution, and relative biomass of chroococcoid cyanobacteria at a station in southern 

California coastal waters. Can. J. Microbiol., 27, 1341-1344.

L annergren , C. and  Skjoldal, H. R. (1975). The spring phytoplankton bloom in 

lindaspollene, a land - locked Norwegian fjord. Autotrophic and heterotrophic 

activities in relation to nutrients. 10th European Symp. Mar. Biol. Ostend, Belgium, 

Sept 17-23, 1975 . 2, 363-391.

Larsson, U. and  Hagstrom . A. (1982). Fractionated phytoplankton primary 

production, exudate release and bacterial production in a Baltic eutrophication gradient. 

Mar. Biol., 67, 57-70.

Lehmen, J . T. and Sandgren, C. D. (1982). Phosphorus dynamics of the 

procaryotic nanoplankton in a Michigan lake. Limnol. Oceanogr., 21, 828-838. 

Lerm an, A., Mackenzie, F. T. and G arrels, R. M. (1975). Modelling 

geochemical cycles: Phophorus as an example. Geol. Soc. Am. Mem., 142, 205-218. 

Li, W. K. W., Subba Rao, D. V., H arrison, W. G., Smith, J. C., Cullen, J. 

J ., Irw in, B. and  P latt, T. (1983). Autotrophic picoplankton in the tropical ocean. 

Science, N. Y., 219, 292-295.

Li, W. K. W. (1984). Microbial uptake of radiolabelled substrates: Estimates of 

growth rates from time course measurements. Appl. Environ. Microb., 47, 184-192. 

L ehm ann, H. (1903). Weve untersuchungen uber den reichtum des meares an 

plankton und uber die branch barkeit der verschiedenan fangmethoden. Helgolander 

wiss meeresunters., 7, 1-86.

390



Lorenzen, C. J . (1967a). Determination of chlorophyll and phaeopigments: 

spectrophotometric equations. Limnol. Oceanogr., 12, 343-346.

Lund, J . W. G. (1961). The periodicity of p - algae in three English lakes. Veh. 

int. Verein. theor. angew. Limnol., 14, 147-154.

M cCarthy, J . J ., Taylor, W. R. and loftus, M. E. (1974). Significance of 

nanoplankton in the Chesapeake Bay estuary and problems associated with the 

measurement of nanoplankton productivity. Mar. Biol., 22, 7-16.

M cNabb, C. D. (1960). Enumeration of fresh water phytoplankton concentrated on 

the membrane filter. Limnol. Oceanogr., 5, 57-61.

M acCaull, W. A. and  P latt. T. (1977). Diel variations in the photosynthetic 

parameters of coastal marine phytoplankton. Limnol. Oceanogr., 22, 723-731. 

Malone, T. C. (1971a). The relative importance of nanoplankton and netplankton as 

primary producers in the California Current system. Fish. Bull. US., 69, 799-820. 

M alone, T. C. (1971b). The relative importance of nanoplankton and netplankton as 

primary producers in tropical, oceanic and neritic phytoplankton communities. Limnol. 

Oceanogr., 16, 633-639.

M alone, T. C. (1976). Phytoplankton productivity in the apex of the New York 

Bight: Environmental regulation of productivity /  chlorophyll a. In: (M. Grant Gross, 

ed.), Limnol. Oceanogr. Special Symposium "The Middle Atlantic Shelf and New 

York Bight " . 2, 260-272.

M alone, T. C. (1977a). Light - saturated photosynthesis by phytoplankton size 

fractions in the New York Bight, U. S. A. Mar. Biol., 42, 281-292.

M alone, T. C. and Chervin. (1979). The production and fate of phytoplankton size 

fractions in the plume of the Hudson River, New York Bight. Limnol. Oceanogr., 24, 

683-696.

M alone, T. C. and  Neale, P. J . (1981). Parameters of light - dependent 

photosyntliesis for phytoplankton size fractions in temperate estuarine and coastal 

environments. Mar. Biol., 61, 289-297.

391



M alone, T. C. (1981). Size - fractionated primary productivity of marine 

phytoplankton. In: Primary Productivity in the Sea. pp 301-320. Ed. by P. 

Falkowski. New York: Plenum Press.

M arshall, S. M. (1924). The food of Calanus finmarchicus during 1923. J. Mar. 

Biol. Ass. UK., 13, 473-479.

M arshall, S. M. and O rr, A. P. (1927). The relation of plankton to some 

chemical and physical factors in the Clyde Sea Area. J. Mar. Biol. Ass. UK., 14, 

837-868.

M arshall, S. M. and  O rr, A. P. (1928). The photosynthesis of diatom cultures in 

the sea. J. Mar. Biol. Ass. UK., 15, 321-360.

M arshall, S. M. and  O rr, A. P. (1930). A study of the spring diatom increase in 

Loch Striven. J. Mar. Biol. A55. UK., 16, 853-878.

M arshall, S. M., Nicholls, A. G. and O rr, A. P. (1934). On the biology of

Calanus finmarchicus. V. Seasonal distribution, size, weight and chemical 

composition in Loch Striven 1933 and their relation to phytoplankton. J. Mar. Biol. 

Ass. UK., 19, 793-827.

M arshall, S. M. (1949). On the biology of small copepods in Loch Striven. J. Mar. 

Biol. Ass. UK., 28, 45-112.

M arshall, S. M. and O rr, A. P. (1955). On the biology of Calanus finmarchicus.

VIII. Food uptake, assimilation and excretion in adult and stage V Calanus. J. Mar. 

Biol. Ass. UK., 34, 495-529.

M arshall, S. M. and O rr, A. P. (1956). On the biology of Calanus finmarchicus.

IX. Feeding and digestion in young stages. J. Mar. Biol. Ass. UK., 35, 587-603.

M arshall, S. M. and O rr, A. P. (1962). Carbohydrate as a measure of

phytoplankton. J. Mar. Biol. Ass. UK., 42, 511-519.

M arshall, S. M. and Boney. A. D. (1974). Plankton in the Firth of Clyde. The 

Clyde Estuary and Firth, NERCpubl., Series C, No, 11, 30-32.

392



M arker, A. F. H., Nusch, E. A., Rai, H. and R iem ann, B. (1980). The 

measurement of photosynthetic pigments in fresh water and the standardisation of 

methods: conclusions and recommendations. Arch. HydrobioL, 14, 91-106.

Meybeck, M. (1982). Carbon, nitrogen, and phosphorus transport by world rivers. 

Am. J. Sci., 282, 401-450.

Mill, H. R. (1889-91). The Clyde Sea Area. Edin. Phil. Trans., 36, 641-729.

Mill, H. R. (1901). Physical conditions in the Clyde Sea Area. In Fauna, Flora 

and Geology o f the Clyde Area. British Assoc. 385-398.

Moore, H. B. (1930). Muds of the Clyde Sea Area. J. Mar. Biol. A55. UK., 16, 

595-607.

M orris, A. W. and Riley, J . P. (1963). The determination of nitrate in sea water. 

Anal. Chem. Acta., 29, 272-279.

M orris, A. W., Yentsch, C. M. and yentsch, C. S. (1971). Relationship 

between light, carbon dioxide fixation and dai’k carbon dioxide fixation by marine 

algae. Limnol. Oceanogr., 16, 854-858.

M orris, L. and Glover, H. (1981). Physiology of photosynthesis by marine 

coccoid cyanobacteria - some ecological implications. Limnol. Oceanogr., 26, 957- 

961.

Moss, B, (1967). A spectrophotometric method for the estimation of percentage 

degradation of chlorophylls to phaeo - pigments in extracts of algae. Limnol. 

Oceanogr., 12, 335-340.

Mullin, J. P. and Riley, J . P. (1955). The colorimetric determination of silicate 

with special refrence to sea and natural waters. Anal. Chim. Acta., 12, 162-176. 

M ullin, M. M. (1963). Some factors effecting the feeding of marine copepods of the 

genus Calanus. Limnol. Oceanogr., 8 , 239-250.

M unk, W. H. and Riley, J . P. (1952). Absorption of nutrients by aquatic plants. 

J. Mar. Res., 11, 215-240.

393



M urphy, L. S. and  Haugen, E. M. (1985). The distribution and abundance of 

phototrophic ultraplankton in the North Atlantic. Limnol. Oceanogr., 30, 47-58. 

M urphy, J . and Riley, J, P. (1962). A modified single solution method for the 

determination of soluble phosphate in natural waters. Anal. Chmi. Acta., 27, 31-36. 

Nicholls, A. G. (1933). On the biology of Calanus finmarchicus. I. Reproduction 

and seasonal distribution in the Clyde Sea Area during 1932. J. mar. Biol. Ass. UK., 

19, 83-138.

Odum , H. T. (1956). Efficiencies, size organisms and community structure. 

Ecology. 37, 592-597.

Odum , E. P. (1971). Fundamentals of ecology (3rd ed). Philadelphia London. 

Saunders.

Paasche, E. (1960). On the relationship between primary production and standing 

crop of phytoplankton. J. Cons. Perm. Int. Explor. Mer., 26, 33-48.

Paasch, E. (1980). Silicon. Pp. 259-284 in I. Morris (ed.). The Physical Ecology o f  

Phytoplankton. Univ. California Press, Berkeley..

Paerl, H. W. (1977). Ultraphytoplankton biomass and production in some New 

Zealand Lakes. N. Z. J. Mar. Fresh water. Res., 11, 297-305.

Pant, A., B hargara, R. S. M. and Goswami, S. C. (1976). Nanoplankton, total 

phytoplankton and zooplankton standing stock measurements in Goa waters. Indian. 

J. Mar. Sci., 5, 103-156.

Parsons, T. R., Stephens, K. and Strickland, J . D. H. (1961). On the chemical 

composition of eleven species of marine phytoplankters. J. Fish. Res. Bd. Can., 18, 

1001-1016.

Parsons, T. R. and  Strickland, J . D. H. (1963). Discussion of 

spectrophotometric determination of marine plankton pigments, with revised equation 

for ascertaining chlorophylls and carotenoids. J. Mar. Res., 21, 155-163.

394



Parsons, T. R. and  Le B rasseur, R. J. (1970). The availability of food to 

different trophic levels in the marine food chin. In: Steele, J. H. (ed.). Marine Food 

Chains, pp. 325-343. University of California Press, Berkeley.

P arker, J . G., Rosell, R. S, and Mac Oscar, K. G. (1988). The phytoplankton 

production cycle in Belfast Lough. J. Mar. Biol. A55. UK., 68, 555-564.

Platt, T. and Jossby, A. D. (1970). The relationship between photosynthesis and 

light for natural assemblages of coastal marine phytoplankton. J. PhycoL, 12, 421- 

430.

P latt, T., Denman, K. K. and Jassby, A. D. (1977). Modeling the productivity 

of phytoplankton. In: Goldberg, E. D., Me Cave, I. N., Obrien, J. J., and Steele, 

J. H. (eds.), "The Sea". Wiley - Inter Science Publ. Vol. 6 . 1977.

Peterson, P. J . (1980). Aquatic primary productivity and the C^^ - CO2 method: A

history of the productivity problems ., Annu. Rev. Ecol. Syst. 11, 359-385.

Pingree, R. D., Holligan, P. M., M ardell, G. T. and  H ead, R. N. (1976). 

The influence of physical stability on spring, summer and autumn phytoplankton 

blooms in the Celtic Sea. J, Mar. Biol, Ass. UK., 56, 845-873.

Platt, T., Subba, D. V., and Irw in, B. (1983). Photosynthesis of picoplankton in 

the oligotrophic ocean. Nature. 301, 702-704.

Prezelin, B. B., Bidigare, R. R., M atlick, H. A., P u tt, M. and Ver Hoven, B.

(1987). Diurnal patterns of size - fractionated primary productivity across a coastal 

front. Mar. Biol., 96, 563-574.

Raym ont, J . E. G. (1963). Plankton and productivity in the ocean, Pergammon 

Press, Oxford. Vol. 1. pp. 489.

Raym ont, J . E. G. (1976). Plankton and productivity in the ocean. Oxford: 

Pergamon Press. Vol. 2. pp. 824.

Redfield, A. C. (1958). The biological control of chemical factors in the 

environment. Am. Sci., 46, 205-222.

395



Relevante, N. and  G ilm artin , M. (1976). Temporal succession of phytoplankton 

in the Northern Adriatic. Neth. J. Sea Res., 10, 377-396.

Reynolds, N. (1973). The estimation of abundance of ultraplankton. J. Br. PhycoL, 

8 , 135-146.

Richards, F. A. and Thom pson, T. G. (1952). The estimation and 

characterization of plankton populations by pigment analysis. II. A spectrophotometric 

method for the estimation of plankton pigments. J. Mar. Res., 11, 156-172.

Richman, S. and Rogers. J . N. (1969). The feeding of helgolandicus on

synchronously growing populations of the marine diatom Ditylum brightwellii. 

Limnol. Oceanogr., 14, 701-709.

Richmann, S., Heinle, D. R. and Hoff, R. (1977). Grazing by adult estuarine

calanoid copepods of the Chesapeake Bay. Mar. BioL, 42, 69-84.

Riley, G. A. and Conover, S. A. M. (1956). Oceanography of Long Island 

Sound. III. Chemical oceanography. Bull. Bingham. Oceanogr. Coll., 15, 47-61. 

Rodhe, W. (1958), The primary production in lakes; some results and restrictions of 

the C^4 method. Symp. Int. Council. Explor. Sea, Bergen, 1957, Reprint C, No. 

19.

R yther, J. H. (1956). The measurement of primary production. Limnol. Oceanogr., 

1 (2), 72-84.

Ryther, J . H. and Yentsch, C. S. (1958). Primary production of continental shelf 

waters off New York. Limnol. Oceanogr., 3 (3), 327-335.

R yther, J. H, and  D unstan, W. M. (1971). Nitrogen, phosphorus and 

eutrophication in the coastal marine environment. Science. 171, 1008-1013.

Saijo, Y. (1964). Size distribution of photosynthesizing phytoplankton in the Indian

Ocean. J. Oceanogr. Soc. Japan., 19, 19-21.

Saijo, Y. and  Takasue, K. (1965). Further studies on the size distribution of 

photosynthesizing phytoplankton in the Indian Ocean. J. Oceanogr. Soc. Japan., 20, 

264-271.

396



Saks Haug, E. and Myklestad, S. (1973). Studies on the phytoplankton ecology of 

the Trondheims fjord. III. Dynamics of phytoplankton blooms in relation to 

environmental factors, bioassay experiments and parameters for the physiological state 

of the populations. J. Exp. Mar. Ecol., 11, 157-188.

Sheldon, R. W. and Sutcliffe, W. H, Jr. (1978). Generation times of three hours

for the Sargasso Sea microplankton determined by ATP analysis. Limnol. Oceanogr., 

23, 1051-1055.

Shinn, M. B. (1941). A colorimetric method for the determination of nitrite.

Industr. Engng. Chem. Anal. Ed., 13, 33-35.

Sieburth, J , Me N., Smetacek, V. and Lenz, J. (1978). Pelagic ecosystem

structure: Heterotrophic compartments of the plankton and their relation to

phytoplankton size fractions. Limnol. Oceanogr., 23, 1256-1263.

Slinn, D. J. and Offlow, G. (1967). Chemical constituents in sea water off Port

Erin during 1966. Rep. Mar. Biol. Stn. Port Erin., 79, 31-36.

Slinn, D. J . and Offlow, G. (1968). Chemical constituents in sea water off Port

Erin during 1967, Rep. Mar. Biol. Stn. Port Erin., 80, 37-42.

Slinn, D. J. and Offlow, G, (1969). Chemical constituents in sea water off Port

Erin during 1968. Rep. Mar. Biol. Stn. Port Erin., 81, 31-36.

Slinn, D. J. and Eastham, J . F. (1970). Chemical constituents in sea water off

Port Erin during 1969. Rep. Mar. Biol. Stn. Port Erin., 82, 31-34.

Slinn, D. J . and Eastham, J. F. (1971). Chemical constituents in sea water off 

Port Erin during 1970. Rep. Mar. Biol. Stn. Port Erin., 83, 33-36.

Slinn, D. J . and Eastham, J. F. (1972). Chemical constituents in sea water off 

Port Erin during 1971. Rep. Mar. Biol. Stn. Port Erin., 84, 49-52.

Slinn, D. J. (1974). Water circulation and nutrients in the north - west Irish sea. 

Estuarine, Coastal and shelf Science., 2, 1-25.

397



Smayda, T. J . (1965). A quantitative analysis of the phytoplankton of the Gulf of 

Panama. II. On the relationship between assimilation and the diatom standing 

crop. Inter - Am. Trop. Tuna Comm. Bull., 9, 467-531.

Smayda, T. J . and  Boleyn, B. J . (1966). Experimental observations on the 

flotation of marine diatoms. II. Skeletonema costatum and Rhizoslenia setigera., 

Limnol, Oceanogr., 11, 18-34.

Smayda, T. J . (1970). The suspension and sinking of phytoplankton in the sea. 

Oceanogr. Mar. Biol. Ann. Rev., 8, 353-414,

Smith, V, H. (1982). The nitrogen and phosphorus dependence of algal biomass in 

lakes: An empirical and theoretical analysis. Limnol. Oceanogr., 27, 1101-1112. 

Smith, R. E, H., G eider, R. J . and Piatt, T. (1984). Microplankton 

productivity in the oligotrophic ocean. Nature. 311, 252-254.

Smith, J. C., P latt, T., Li, W. K. W., Horne, E. P, W., H arrison, W. G.,

Subba Rao, D. V. and  Irw in, B. D. (1985). Arctic marine photoautotrophic

picoplankton. Mar. Ecol. Prog. Ser., 20, 207-220.

Solorzano, L. and Erlich, B. (1977a). Chemical investigations of Loch Etive, 

Scotland. I. Inorganic nutrients and pigments. J. Exp. Mar. Biol. Ecol., 29, 45-64. 

Solorzano, L. and G rantham , B. (1975). Surface nutrients, chlorophyll a and

phaeopigment in some Scottish sea lochs. J. Exp. Mar. Biol. Ecol., 20, 63-76.

Steeman Nielsen, E. (1938). Uber die anwendung von netzfangen bei quantitativen 

phytoplanktoun tersuch enugen. J. Cons. Perm. Int. Explor. Mer., 13, 197-205. 

Steeman Nielsen, E. (1952). The use of radioactive carbon (C^^) for measuring 

organic production in the sea. J. Cons. Int. Explor. Mer., 18, 117-140.

Steeman Nielsen. E. and Jensen, E. A. (1957). Primary oceanic production. The 

autotrophic production of organic matter in the oceans. Galathea Rep., 1, 50-125. 

Steeman Nielsen. E, (1964a). Recent advances in measuring and understanding 

marine primary production. J. Ecol. SuppL, 52, 119-130.

398



Steele, J . H., Me In tyre, A. D., Johnston, R., Baxter, I. G., Topping, G. and 

Dooley, H. D. (1973). Pollution studies in the Clyde Sea Area. Mar. Poll. Bull., 4, 

153-157.

Steele, J. H. and B aird, I. E. (1962b). Further relations between primary 

production, chlorophyll and particulate carbon. Limnol. Oceanogr., 1, 42-47.

Steele, J. H. and  Baird, I. E. (1968). Production ecology of a sandy beach. 

Limnol. Oceanogr., 13, 14-25.

Strickland, J. D. H. (1960). Measuring the production of marine phytoplankton. 

Fish. Res. Bd. Can. Bull., 122, 1-172.

S trickland, J . D. H. and  Parsons, T. R. (1972). A Practical Handbook o f Sea 

Water Analysis. Fish. Res. Bd. Canada. Bull. 167. (second edition). 

Subraham anyan, R. and Sarm a, A. V. H. (1965). Studies on the phytoplankton 

of the West Coast of India. Part IV. Magnitude of the standing crop for 1955-1962 

with observations on the nanoplankton and its significance to fisheries. J. Mar. Biol. 

A.Î5. India., 1, 406-419.

Sum itra V ijayaraghavan, S., Joseph, K. J. and B alachandran, V. K. (1974). 

Preliminary studies on nanoplankton productivity. Mahasagar. 1, 125-127.

Suttle, C. A. and  H arrison, P. J . (1986). Phosphate uptake rates of 

phytoplankton assemblages grown at different dilution rates in semi - continuous 

culture. Can. J. Fish. Aquat. Sci., 43, 1474-1481.

Taguchi, S. (1976). Relationship between photosynthesis and cell size of marine 

diatoms. J. Phycol., 12, 185-189.

Taguchi, S. and Platt, T. (1977). Assimilation of C^4 in the dark compared to 

phytoplankton production in a small coastal inlet. Estuarine Coastal. Mar. Sci., 5, 

679-684.

Takahashi, M, Fujii, K. and Parsons, T. R. (1973). Simulation study of 

phytoplankton photosynthesis and growth in the Fraser River Estuary. Mar. Biol., 19, 

102-116.

399



Takahashi, M. and Biengfang, P. K. (1983). Size structure of phytoplankton 

biomass and photosynthesis in subtropical Hawaiian waters. Mar. Biol., 76, 203-211. 

Takahashi, M. and  Hori, T. (1984). Abundance of picoplankton in the subsurface 

chlorophyll maximum layer in subtropical and tropical waters. Mar. Biol., 79, 177- 

186.

Teixeira. C., Tundisi. J . and  Santera. J . (1967). Plankton studies in a mangrove 

environment. IV. Size fractionation of the phytoplankton. Bolm. Inst. Oceanogr. S. 

Paulo., 16 (1), 39-42.

Thoroson, G. (1950). Reproductive and larval ecology of marine invertebrates. Biol. 

Rev., 25, 1-45.

Thom as, W. H. (1970a). On nitrogen deficiency in tropical Pacific oceanic 

phytoplankton: Photosynthetic pai’ameters in poor and rich water. Limnol. Oceanogr., 

15, 380-385.

Thom as, W. H. (1970b). Effect of ammonium and nitrate concentration on 

chlorophyll increases in natural tropical Pacific phytoplankton populations. Limnol. 

Oceanogr., 15, 386-394.

Thom as, W. H. and Dodson, A. N. (1972). On nitrogen deficiency in tropical 

Pacific oceanic phytoplankton. II. Photosynthetic and cellular characteristics of a 

chemostat grown diatom. Limnol. Oceanogr., 17, 515-523.

Throndsen, J . and Heindal, B. R. (1976). Primary production, phytoplankton and 

light in Straumsbukta near Tromso. Astarte. 9, 51-60.

W afar, M. V. M., Le C arre , D. and B irrien, J. L. (1983). Nutrients and 

primary production in permanently well - mixed temperate coastal waters. Estuarine, 

Coastal and Shelf Science. 17, 431-446.

W ard, B. B. (1984). Photosynthesis and bacterial utilization of phytoplankton 

exudates: Results from pre - and post - incubation size fractionation. Oceanol. Acta., 

1, 337-343.

400



W aterbury, J . B., W atson, S. W ., G uillard, R. R. L. and  Brand, L. E.

(1979), Wide spread occurrence of a unicellular, marine, planktonic, cyanobacterium. 

Nature. 277, 293-294.

W etzel, R, G. (1965). Necessity for decontamination of filters in measured rates 

of photosynthesis in fresh waters. Ecology. 46, 540-542.

W illiams, R. B. (1964). Division rates of salt marsh diatoms in relation to salinity 

and cell size. Ecology. 45, 877-880.

Wood, E. D., A rm strong, F, A. J . and  R ichards, F. A. (1967). Determination 

of nitrate in sea water by Cadmium - Copper reduction to nitrite. J. Mar. Biol. Ass. 

UK., 47, 23-31.

W ood, B. J . B., T ett, P. and Edw ards, A. (1973). An introduction to the 

phytoplankton, primary production and relevant hydrography of Loch Etive. J. Ecol., 

61, 569-585.

Yentsch, C, S. and  Ryther, J . H. (1959). Relative significance of the netplankton 

and nanoplankton in the waters of Vineyard Sound. J. du Conseil., 24, 231-238. 

Yoder, J . A. (1979). Effect of temperature on light - limited growth and chemical 

composition of Skeletonema costatum (Bacillariophyceae). J. Phycol., 15, 362-370.

401



Appendix I

Daily sunshine hours during March to December 1984 (h.d“ )̂

Months

Day Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 0.0 7.0 12.4 0.0 2.4 7.5 0.0 3.1 0.0 0.0

2 7.8 10.2 11.4 14.2 14.7 0.1 0.8 0.0 4.4 0.9

3 0.5 9.3 11.3 2.5 15.3 3.4 1.7 0.2 0.0 0.0

4 0.1 1.5 9.5 6.1 14.4 5.2 9.1 7.5 6.2 0.0

5 1.2 0 .0 12.0 3.6 12.7 14.0 4.1 7.4 5.6 0.0

6 0.3 7.7 1.1 0.9 4.5 0.0 0.1 7.1 6.2 4.6
7 0.0 0.2 13.6 14.0 10.6 12.2 3.1 5.2 0.0 0.0

8 0.0 6.3 13.5 15.8 9.3 0.6 0.7 0.1 0.0 0.0

9 0.0 0.4 5.1 9.8 0.3 7.2 7.1 7.1 0.1 0.0

10 0.0 0 .0 12.9 3.5 4.4 14.1 0.2 0.0 0.6 0.3
11 0.3 6,8 9.0 0.0 0.0 9.6 6.8 7.2 0.0 0.7
12 4.6 0.0 14.5 2.8 3.9 9.8 0.0 0.0 0.7 0.0

13 1.1 3.0 13.5 1.6 4.6 6.8 0.0 0.0 3.4 0.0

14 0.0 2.2 10.0 5.1 4.5 4.6 0.9 2 .6 0.0 0.0

15 1.2 7.7 0.1 0.9 7.0 10.3 10.2 0 .0 3.2 3.9
16 9.8 10.3 4.9 8.8 3.2 10.9 2.3 0.1 1.9 5.0
17 6.3 5.9 0.0 0.8 0.0 8,2 0.6 1.2 0.0 0.0

18 3.4 0 .0 13.9 0.1 14.9 0.0 1.2 0.0 0.0 2.8

19 0.2 0.0 1.9 0.9 9.8 11.2 2.8 2.1 4.9 0.3
20 0.2 1.2 3.9 0.8 14.0 11.3 3.3 0.4 4.2 0.0

21 0.0 6.5 5.3 5.8 12.6 6.8 2.2 1.2 0.5 0.0

22 0.3 3.5 0.5 9.5 6.7 10.2 1.9 1.4 0.9 0.0

23 0.0 12.9 8.7 1.9 11.9 6.0 2.5 6.8 2.0 0.5
24 0.0 3.4 11.6 2.2 14.7 4.0 2.7 0.0 0.9 4.2
25 2.7 13.3 0.4 6.5 14.5 11.7 7.1 0.0 0.1 1.1

26 0.0 13.1 7.4 2.6 13.0 6.3 8.4 4.9 4.2 1.4
27 5.1 11.7 13.0 8.8 0.0 7.1 0.1 5.0 0.0 2.1

28 2.3 12.0 11.9 13.3 0.0 0.0 2.3 0.0 3.2 0.0

29 6.2 9.8 4.4 11.2 3.0 0.3 6.2 0.5 0 .0 0.0

30 7.8 10.9 0.8 15.1 0.1 0.0 5.3 0.5 0.0 0.0

31 9.2 6.2 5.7 0.1 5.6 4.9

total 70.6 196.8 244.7 169.1 232.7 199.5 93.7 76.6 53.2 32.7:
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Daily sunshine hours during January to December 1985 (h.d“b

Months

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 5.9 0.0 0.0 0.3 12.9 14.9 3.5 0.5 5.6 0.5 1.4 0.0

2 4.7 2.8 0.0 1.9 13.1 14.8 3.7 4.3 0.0 2.5 8.0 0.0

3 5.4 0.2 0.0 4.9 5.4 15.8 0.0 6.3 0.7 3.6 1.5 0.0

4 6,3 0.0 1.1 1.4 0.3 8.9 7.8 1.3 0 .0 1.7 0.0 0.0

5 1.0 4.2 6.8 2.3 0.0 0.5 0.0 11.4 9.2 2.7 2.4 0.4
6 4.6 4.8 6.2 1.3 0.6 3.5 3.6 9.2 5.7 9.7 5.7 0.0

7 2.3 0.0 7.6 4.9 10.3 7.9 2.4 2.9 0.0 6.9 4.5 0.0

8 3.2 0.0 1.4 0.6 9.8 2.4 0.0 0.9 0.0 0.5 0.0 0.0

9 3.5 0.0 0.0 0 .0 1.8 7.2 2.7 7.1 0.0 3.8 0.1 3.3
10 0.0 2.2 8.4 0.1 0.4 8.1 0.0 8.1 7.2 0.0 5.8 0.0

11 5.5 7.2 8.7 5.1 13.1 0.3 0.0 0.0 0.0 6.7 5.3 1.7
12 0.0 6.3 0.5 0.5 13.9 6.4 0.9 4.7 3.6 0.7 6.3 0.0

13 0.0 2.5 6.8 3.2 4.2 10.9 4.6 1.9 3.9 0.0 0.9 0.9
14 0.0 6.8 7.1 9.3 0.4 13.8 13.2 0.0 4.5 1.8 0.0 0.0

15 3.2 8.4 5.9 0.0 0.0 12.6 4.9 0.4 5.4 0.0 2.8 0.0

16 0.0 8.2 10.2 0.0 5.8 12.8 2.7 0.3 0.0 1.8 1.1 0.0

17 0.0 3.9 9.9 10.1 0.0 0.5 0.9 10.9 8.7 0-0 0 .0 0.0

18 0.0 1.0 8.9 10.6 4.8 9.5 2.3 0.0 0.0 8.3 0.0 3.2
19 0.0 1.5 7.8 5.6 0.8 12.3 8.5 3.1 7.9 0.0 0.8 0.0

20 1.3 0.2 4.2 11.1 10.4 13.6 5.5 0.2 0.1 0.0 0.1 0.0

21 0.0 4.1 3.4 10.9 10.8 0.0 8.7 0.2 0.0 3.1 1.3 0.0

22 0.2 1.9 0.1 9.9 0.3 0.8 6.3 4.6 0.0 0.0 0.1 1.6

23 4.6 0.0 0.6 11.9 1.3 0.5 0.6 0.0 0.0 5.9 5.0 2.8

24 0.0 4.4 0.0 4.6 4.3 1.7 0.5 6.1 0.3 2.8 3.4 0.5
25 0.2 2.3 0.0 11.1 2.1 5.2 5.1 1.1 0 .0 4.6 2.9 0.0

26 7.1 2.1 8.1 2.1 0.5 1.1 0.0 2.5 5.6 4.7 4.0 3.9
27 0.0 3.8 8.9 12.4 0 .6 2.7 3.2 0.0 0.2 0.5 3.8 3.7
28 0.8 7.3 4.1 0.0 11.2 3.9 0.6 3.6 6.6 2.8 0.0 6.0

29 0.2 0.0 0.1 14.4 5.8 1.3 0.1 4.7 6.2 5.3 6.0

30
31

0.0

2.1

0.0

0.4
2.7 13.9

13.8
2.2 11.4

2.4
0.3
0.4

0.1 2.1

8.4
0.0 0.0

0.0

Tot 62.3 87.5 122.2 138.2 184.1 200.7 
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Daily sunshine hours during January to December 1986 (h.d'^)

Months

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 10.0 0.0 8.9 7.8 10.3 0.0 12.7 4.3 8.2 0.0 8.4 1.7
2 1.4 0.1 7.8 8.3 8.1 1.6 2.0 0.0 1.8 5.3 0.3 0.0

3 6.5 0.0 1.8 10.9 0.3 8.7 3.5 4.1 12.2 4.1 2.8 0.0

4 0.0 0.0 0.0 10.8 6.8 4.1 2.4 4.3 0.0 6.9 0.0 0.0

5 0.1 4.6 6.8 5.7 0.4 12.3 6.8 3.6 0.0 0.5 2.7 1.0

6 1.3 1.8 5.3 6.9 8.7 14.9 1.3 0.3 6.9 1.9 2.3 4.3
7 0.0 7.2 5.6 6.8 0 .0 4.7 5.6 2.3 2.8 0.6 0.0 0.0

8 0.0 0.0 0.1 3.5 1.6 1.1 13.8 13.3 11.6 0.4 2.2 0.0

9 0.0 0.0 4.0 7.9 0.9 5.2 0.1 11.2 8.5 2.6 0.6 1.7
10 3.3 0.3 4.0 7.1 0.7 0.0 1.4 4.5 10.7 8.8 0.5 0.0

11 0.3 0.0 0.0 2.3 6.5 14.7 9.7 13.3 10.4 7.2 1.2 0.3
12 1.2 1.6 2.8 0.0 0.8 0.0 5.4 8.5 8.6 5.3 0.0 0.0

13 0.0 7.5 0.0 3.2 0.1 1.1 0.0 0-2 8.5 4.7 0.0 1.5
14 0.0 0.0 0.0 0.0 0.2 5.2 0.0 10.6 11.3 2.3 0.0 3.1
15 4.4 0.0 0.0 0.0 10.4 14.1 0.9 7.1 9.5 5.5 5.2 1.0

16 0.0 0.0 1.6 0.0 11.6 8.9 0.6 7.9 7.8 2.5 3.0 0.2

17 0.0 2.8 9.7 3.2 0.7 0.6 5.2 6.3 4.0 5.0 2.2 0.0

18 0.0 6.2 5.6 1.3 0.6 5.8 1.6 9.9 7.9 0.2 2.0 0.0

19 1.2 0.3 8.8 0.0 2.3 10.4 0.0 4.6 0.3 3.1 3.6 0.8

20 0.0 2.8 0.9 8.1 4.1 12.4 4.1 6.8 2.2 3.2 3.3 2.4
21 1.5 1.8 1.2 4.4 6.1 14.9 4.4 0.0 0.0 0.8 2.5 3.4
22 0.8 9.3 0.0 0.7 12.4 10.8 4.9 1.9 0.1 0.0 0.0 5-7
23 5-5 7.8 4.6 2.7 5.6 0.7 11.6 12.9 4.1 8.1 1.4 0.1

24 6.7 6.8 5.6 10-8 2.3 0.2 1.7 9.4 4.5 0.0 0.0 0.0

25 5.3 2.5 7.8 5.3 6.9 5.7 1.2 0.4 1.3 0.2 0.0 0.8

26 0.0 7.2 3.7 0.9 6.6 6.1 4.1 3.7 0.0 2.3 0.0 2.0

27 3.5 7.7 4.8 8.7 5.4 8.2 2.3 5.9 0.0 0.0 0.0 0.3
28 0-0 7.5 0.8 5.3 11.5 10.1 0.8 9.8 0.0 1.6 1.7 0-0

29 2.7 4.1 5.4 4.3 11.8 7.9 5.0 3.3 4.1 0.0 0.0

30

31
0.8

0.0

7.6
10.3

0.0 0.0

0.0

13.3 0.0

2.3
10.9

1.2

5.2 1.4

2.7
0.0 0.0

0.0

Tot 46.2 85.8 124.2 138.4 136.4 207.6 
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Daily sunshine hours during January to April 1987 (h.d"^)

Months

Day Jan Feb Mar Apr

1 0.0 0.0 0.0 0-0

2 5.1 0.0 8.3 1.2

3 0.0 0.1 3.0 0.0

4 1.6 0.2 5.6 0.0

5 0.6 0.0 0.0 0.0

6 6.1 4.4 0.0 0.0

7 5.8 0.0 0.0 2.5
8 0.0 1,7 0.0 0.1

9 0.0 0.0 0.0 0.2

10 0.0 4.3 9.4 3.0
11 5.7 3.9 10.0 8.8

12 3.5 6.2 6.5 8.4
13 2.9 6.3 2.4 4.0
14 0.0 6.5 3.4 0.0

15 0.0 7.2 6.3 0.1

16 0.0 8.9 0.0 9.5
17 0.0 4.3 2.8 11.1

18 0.0 7.9 8.0 0.8

19 0.0 2.4 7.9 1.9
20 0-0 2.6 3.3 7.8
21 0.0 0.0 1.8 0.2

22 0.0 8.4 3.6 1.4
23 0.9 0.0 0.8 0.8

24 0.0 0.0 0.8 7.9
25 0.5 0,0 6.7 11.4
26 3.6 0.0 3.2 8.6

27 0.0 0.9 0.0 8.3
28 5.4 1.6 8.4 10.8

29 0.0 4.7 8.1

30 0.0 1.6 0.7
31 5.6 0.2

Tot 47.3 77.8 108.7 117.6
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Appindix II

Daily mean wind speeds (KN)during March to December 1984

Months

Day Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 15 9.4 11.7 4.0 14.5 4.0 9.7 6.1 17.0 7.8
2 33 4.8 5.2 8.3 9.6 15.3 13.7 8.6 6.4 5.5
3 13.2 10.3 5.4 11.2 10.7 16.1 14.0 6.5 13.5 12.5
4 15.7 9.5 8.1 7.1 4.1 5.8 15.5 6.1 10.6 13.6
5 5.8 5.1 6.5 12.3 4.6 9.1 10.5 10.0 4.1 6.4
6 11.6 7.1 10.7 12.2 5.0 10.9 2.7 16.3 12.7 19.3
7 6.1 3.1 7.5 5.2 5.5 10.1 7.3 17.4 14.0 27.8
8 4.1 12,4 6.4 5.4 5.5 3.1 12.8 18.3 13.1 18.7
9 4.6 8.9 11.6 11.6 5.7 6.7 26.0 16.2 11.4 15.8
10 9.7 10.0 12.9 12.4 12.6 4.9 19.8 20.3 11.5 13.5
11 16.3 16.7 7.0 5.3 12.7 4.0 17.3 14.3 20.6 11.7
12 10.8 14.4 5.5 16.8 10.4 5.6 4.7 10.0 12.1 8.5
13 11.2 15.8 6.7 7.7 11.9 3.9 11.0 18.0 12.6 12.7
14 14.0 17.2 8.3 10.7 11.1 4.6 13.3 5.8 12.3 8.2

15 9.1 12.8 7.7 5.0 17.5 8.7 5.9 8.7 5.7 10.6

16 4.9 15.0 7.4 3.6 12.2 5.7 9.0 11.4 7.7 8.9
17 5.3 7.7 6.9 5.7 11.0 4.6 4.9 10.1 5.7 19.0
18 3.3 13.8 10.9 4.8 14.1 6.9 12.7 30.4 7.4 14.7
19 4.3 10.0 8.7 5.0 5.0 2.9 24.9 16.6 6.5 18.4
20 6.9 9.6 5.5 12.0 11.4 6.3 16.0 29.2 5.5 17.8
21 8.5 12.0 4.3 16.5 14.8 13.4 9.0 18.1 9.7 20.5
22 7.7 4.5 11.0 21.2 11.0 12.5 13.1 15.0 18.4 13.6
23 18.0 6.5 6.7 11.3 4.1 15.6 18.3 17.6 20.8 18.8
24 9.7 3.8 13.1 14.0 6.9 15.8 15.4 13.0 27.6 17.5
25 11.3 3.2 10.3 22.5 8.7 11.3 10.7 17.2 21.0 17.3
26 13.3 10.7 6.8 17.0 11.4 7.5 4.3 18.7 18.5 10.3
27 7.0 5.5 6.2 20.5 14.8 6.1 9.3 18.1 29.5 8.1

28 7.6 7.1 7.3 18.0 9.5 15.2 6.0 14.5 24.5 8.1

29 4.9 9.7 8.3 17.6 7.0 14.1 5.0 16.1 21.1 8.3
30 8.9 9.3 5.2 10.9 6.9 18.9 18.5 15.3 20.8 10.2

31 12.4 10.8 13.8 11.4 19.7 24.7
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Daily mean wind speeds (KN) during January to December 1985

Months

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dt

1 10.8 26.9 14.5 12.5 19.0 3.3 7.6 13.0 21.2 9.9 12.8 18
2 3.5 20.0 10.3 15.7 11.2 4.2 4.8 18.7 8.6 13.3 12.5 12

3 5.0 9.7 12.5 15.5 4.6 7.0 4.0 15.0 7.9 18.1 12.0 24

4 7.3 8.6 16.5 10.7 4.1 12.8 4.7 9.4 4.8 25.5 21.1 11

5 6.0 12.9 11.7 10.3 7.3 9.9 10.3 16.6 18.5 19.4 20.9 11

6 11.0 14.0 17.0 7.0 7.6 7.6 13.9 17.3 13.2 17.2 23.3 6

7 3.0 13.9 7.4 10.7 6.9 9.2 9.8 10.4 7.8 17.2 15.6 11

8 8.0 19.6 15-2 10,9 9.3 9.5 12.9 12.3 8.8 13.6 13.2 12

9 2.3 19.6 14.1 8.3 13.3 11.3 14.1 16.1 8.6 14.6 17.0 5
10 5.0 15.3 15.7 10.1 7.6 11.8 9.7 14.5 6.7 16.0 16.8 8

11 4.0 12.7 8.0 17.4 6.9 11.0 16.8 8.6 5.8 18.7 13.2 13
12 8.5 11.8 16.5 16.6 11.5 16.9 11-9 13.4 11.2 4.7 6.5 17
13 6.5 11.5 16.0 18.7 16.1 12.3 3.9 10.5 16.3 5.3 7.0 11

14 5.8 13.0 19.0 26.5 12.7 11.1 14.2 18.8 23.5 4.1 13.1 14
15 9.8 6.1 17.7 7.8 16.0 9.7 15.9 16.9 22.6 3.9 7.5 15
16 8.8 7.4 15.7 13.7 6.2 7.0 13.4 16.4 16.1 5.5 13.1 19
17 7.3 12.6 8.9 3.8 2.8 8.9 14.6 7.3 18.9 5.3 5.7 11

18 9.2 19.6 12.1 4.7 10-4 6.5 19.7 9.6 9.0 6.4 8.8 16
19 5.5 20.2 14.1 25.4 14.9 3.2 13.0 6.6 16.4 6.6 6.9 21

20 8.5 5.0 13.1 16.1 17.0 6.0 15.7 14.8 14.3 9.5 6.2 22

21 16.3 7.3 13.8 10.4 13.3 12.9 10.8 15.3 15.9 3.1 6.2 20

22  30.5 15.7 14.7 7.6 7.3 10.7 11.5 15.6 15.8 6.9 6.9 16
23 24.5 19.0 8.3 10.7 6.6 4.7 12.6 17.3 9.4 7.5 6.8 19
24 9.7 12.3 2.9 15.8 11.4 10.0 8.5 18.8 6.1 6.4 5.2 10

25 11.6 7.7 5.5 12.1 8.3 10.5 5.9 23.0 4.4 12.8 3.4 13
26 5.3 4.9 5.7 14.7 13.5 15.5 13.8 13.3 5.8 7.2 7.2 11

27 11.5 4.3 15.4 18.5 13.8 18.0 13.0 20.7 2.5 5.9 16.0 7
28 7.1 14.6 13.4 8.5 14.0 15.9 9.7 11.9 7.2 10.5 5.2 5
29 11.6 13.7 2.7 7.5 8.8 10.0 7.3 6.2 2.5 9.5 4
30 21.7 13.2 14.3 3.3 3.7 6.3 12.3 12.6 7.1 13.6 12

31 24.1 10.4 3.4 11.4 19.7 24.7 8
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Daily mean wind speeds (KN) during January to December 1986

Months

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De

1 7.8 12.1 7.6 5.9 14.9 8.0 6.3 9.2 14.4 16.0 9.3 20

2 13.7 12.0 2.7 6.1 10.4 7.9 5.5 21.2 16.4 12.5 13.6 18
3 6.4 11.7 16.3 6.5 12.4 16.8 8.7 6.0 14.6 5.5 15.2 23
4 8.0 9.0 20.1 4.7 12.2 16.4 9.8 4,0 14.7 6.7 15.7 15
5 8.4 9.7 19.3 5.3 10.5 13.3 10.4 7.2 16.6 12.0 23.8 24
6 6.5 9.6 17.9 10.6 10.7 3.3 14.2 12.6 14.1 11.8 19.3 18
7 13.1 7.5 12.2 16.7 11.6 14.7 14.2 19.6 17.7 11.6 18.5 19
8 9.3 4.3 20.9 12.0 9.7 13.1 14.4 15.7 7.4 8.7 22.1 14
9 15.9 5.1 10.6 10.3 7.3 16.7 10.1 3.8 10.5 12.5 27.6 16
10 29.7 15.8 4.6 8.3 18.3 13.7 11.0 8.7 6.9 13.4 23.7 19
11 28.7 10.5 10.4 13.2 15.1 8.7 5.3 9.5 5.1 13.3 11.9 17
12 28.6 9.0 15.2 7.7 6.7 11.6 7.6 4.6 4.8 15.3 17.0 22

13 26.0 15.7 10.9 6,9 19.1 5.7 2.5 9.5 4.5 9.4 16.7 15
14 34.5 13.0 15.3 14.7 11.7 5.1 8.5 9.8 11.9 11.0 13.5 12

15 16.7 12.0 19.8 22.3 15.6 6.2 4.0 13.5 7.6 11.5 16.6 18
16 8.2 11.5 13.3 13.8 5.8 9.7 16.1 21.0 8.9 9.4 22.6 19
17 10.3 13.7 11.1 8.3 14.5 18.3 19.3 15.5 6.5 16.5 18.2 20

18 14.0 6.0 10.4 6.0 15.5 11.1 8.2 12.0 6.7 19.0 16.7 19
19 14.3 3.0 8.3 10.3 5.3 11,8 10.3 8.8 11.5 17.7 9.3 21

20  22.6 6.1 29.1 11.7 9.1 14.4 11.1 5.5 13.0 19.0 11.6 23
21 15.7 7.9 16.6 11.2 17.9 15.1 11.1 7.1 13.5 16.8 10.0 19
22  22.0 4.5 21.3 8.3 17.0 14.6 15.0 11.7 11.6 18.3 32.3 9
23 27.9 7.5 19.9 6.3 16.3 4.2 15.7 4.7 8.7 19.0 24.3 10

24 19.6 2.7 15.0 8.7 12.9 5.9 7.6 3.7 6.0 29.8 18.5 18
25 11.3 6.7 15.7 7.1 13.5 10.0 10.0 15.1 4.7 29.1 20.2 12

26 10.0 9.1 12.3 10.0 14.5 7.3 10.2 17.5 5.7 16.5 19.1 20

27 16.5 10.7 16.0 10.7 19,9 12.0 12.4 13.8 10.0 16.7 20.1 27
28 13.0 10.1 11.1 13.3 11.0 8.2 5.0 15.9 16.8 11.4 19.7 24

29 4.8 13.6 15.6 11.9 10.7 16.0 13.7 10.9 23.3 10.0 14

30 15.7 9.3 18.9 13.3 14.1 9.7 10.0 9.3 30.7 18.3 14
31 13.1 4.7 11.9 14.4 10.2 13.6 12
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Daily mean wind speeds (KN) during January to April 1987

Months

Day Jan Feb Mar Apr

1 14.3 9.7 11.3 8.5
2 11.5 8.6 19.6 4.0
3 9.9 11.0 11.8 14.7
4 23.6 16.3 10.6 23.5
5 28.7 20.7 13.6 16.7
6 19.1 26.5 12.9 15.6
7 4.2 10.6 15.3 15.1
8 8.1 10.0 9.8 8.6

9 11.5 11.5 12.7 12.8

10 10.2 18.6 11.2 15.4
11 8.0 7.2 10.8 18.4
12 12.5 3.4 6.0 7.5
13 13.6 8.8 6.1 13.7
14 13.5 3.8 16.2 8.0

15 8.0 2.9 18.5 9.0
16 10.7 7.9 13.3 6.5
17 13.6 6.9 22.5 5.0
18 10.3 5.3 18.7 10.1

19 12.5 6.4 18.3 15.2
20 10.8 5.3 10.3 16.6
21 10,6 3.2 8.6 8.6

22 6.1 7.3 11.7 5.8
23 1.3 6.7 7.1 4.7
24 2.3 6.7 13.1 6.7
25 12.5 9.7 15.7 9.8
26 4.9 11.6 16.2 4.4
27 3.0 9.2 22.3 5.6
28 2.8 8.9 27.4 3.5
29 3.3 17.3 8.0

30 5.3 12.5 11.6

31 5.7 17.5

409


