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!_.___INTRODUCTION.

In 1942 a group of marine biologists (F. Gross, 

J.E.G. Raymont, S.M. Marshall and A.P. Orr) started an 

experiment in Loch Craiglin, a small arm of Loch Sween 

Argyll, (Fig. 1.) to investigate the possibility of 

increasing the fertility of a small sea loch, the 

opening of which was closed by a dam. It was ba,sed 

on the assumption that the fertility of the sea is 

largely dependent on the same i'adtors as that of the 

land or of fresh-water fish ponds, na-mely light and 

plant nutrients, andthat an improvement could be 

obtained by supplementing with artificial fertilizers 

the amount of nutrients available for plant growth. 

Of these, nitrate and phosphate are known to limit the 

growth of phytoplankton in the sea, and it was assumed 

that the addition of sodium nitrate and superphosphate 

would lead to (l) a higher level of plankton product 

ivity; (2) a greater density of bottom fauna; and 

(3) an increased ^rowtli rate of fish (Gross IS 41; 

Gross, Larshall, Orr and Raymont, 1943). 

During April and Lay, 3.9 43, 1 studied the utilization 

of the fertilizers and the plankton productivity in 

the loch. Jr'rom trie day to day investigations, 

supplemented by the experiments then undertaken, it 

was possible to draw three conclusions:-

(l) The fertilizers were utilized within e veei-c
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of their distribution in the loch.

(2) The grazing of the zooplankton cut down the 
yield of the phytoplankton, although the 
productivity remained high.

(3) The shore algae (Entermorpha and Gladophora) 
which grew very actively in the spring and 
early summer, had a marked effect in 
depressin0 the plankton activity.

In Loch Craiglin, the zooplankton population rose 

tfc a fairly high level in 1943, but in the subsequent 

years the hydrographic conditions in the loch 

prevented its development and the phytoplankton was 

not grazed to any extent.

In 1944 the work was extended to Kyle Scotnish, 

(Fig. l.j a much larger arm of Loch Sween, roughly 

150 acres in extent and two and a half miles long. 

The Kyle was left open and a parallel arrr. of Loch 

Sween, called Sailean Iv'ore, was used as a. control area. 

Preliminary investigations of the plan..:';on in 1943, 

prior to the application of fertilizers, showed, that 

the natural productivity in these two areas was the 

s ame.

One of the mean tasks of the experiment was to 

find whether the bulk of trie fertilizers would be 

utilized within Xyle Scotnish or whether they, or the 

plankton into which they were converted, would be 

carried out of the loch and lost. Fertilizers were 

distributed usually at monthly intervals and the 

phosphate concentration and plankton in the loch and 

DUtside were followed up. A list of the dates of the 

iistributions of fertilizers and the quantities



3.

distributed is given in Table 1. The monthly 

quantities were calculated to increase the nitrogen 

and phosphorus content to the winter maximum of the 

Clyde Sea Area.

The distribution oi' the phosphate and studies of 

the water movements at the mouth of Kyle Scotnish will 

be described in a paper by Nutman. For the present 

purpose it will suffice to quote the figures for Larch 

1944 which give a typical example of how the ferti 

lizers were dispersed by tidal movements in Kyle 

Scotnish. These figures showed that from its place 

of distribution in the North Easin of Kyle Scotnish 

(Fig. 1.), the phosphate was gradually cs.rrie'J' down, 

and thus became dispersed over the whole length of the 

loch, although its concentration remained for several 

days highest in the North Easin. During the first 24 

hours the phosplmte did not become dispersed further 

t nan the north end of the South Lasin and only after 

two days was phosphate present in appreciable 

quantities in the lower half of the south Easin. On 

the third day it could be traced in the Narrows. 

There was some phosphate in water samples from the 

mouth of the loch on the fourth and sixth days after 

fertilizing, but only in trie same low concentration as 

in Sailean More.

The amount of superphosphate adt'.ed was calculated 

to raise the phosphate concentration of the water to 

50 rng. per cubic metre over the whole of Kyle Scotnish
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including the upper half of the Narrows: but as1 the 

highest concentration obtained in sampling was 33 mg. 

per cubic metre in North Basin, it is clear that only 

a fraction of the superphosphate went into solution 

immediately, while the rest must have sunk to the 

bottom. However, the phosphate concentration found 

in the samples taken in both iiorth and South Basins 

two days later could not be accounted for by the 

dispersal of the fraction of the superphosphate which 

was dissolved immediately after fertilization and it 

must be concluded that some of the phosphate which 

had sunk to the bottom had subsequently Oone into 

solution, particularly as every day a fraction of 

the dissolved phosphate must have been taken uj by 

the phytoplankton.

As the bulk of the dissolved phosphate was used 

up in about a week, tuese figures showed that though 

there may have been some loss of fertilizers due to 

their being carried out of Kyle Scotnish v>y tidal 

movements, the bulk of the fertilizers must have 

been utilized within kyle Scotnish.

II.

( 1 j . ?hy j^A ank t,p_n .

The methods for the study of the minute nanno 

plankton flagellates or ji-flagellates will be 

described b> Kutman in a separate paper.
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To obtain quantitative estimates of the larger 

phytoplankton organisms, water samples were taken at 

three stations in isyle Scotnish (KI and KG6 in the 

South Basin and KII in the North Easin). 100 ml. df 

the sample wereconcentratec on a fine filter. As soon 

as all the water had passed through it, the filter 

was transferred to a small crystalliEing dish, con 

taining 2 ml. of the water sample. In this all the 

organisms wereswept off the. filter with a fine brush 

and the clean filter removed. The 2 ml. sample was 

violently agitated to ensure even distribution of the 

organisms and 0.2 ml. were transferred to a ruled 

slide with the aid of a haernacytorneter pipette and 

counted. jay this method the sample was concentrated 

so that the equivalent of 10 ml. of the original 

sample was counted. At the beginning of the work 

Whatman i;o . 50 filter papers were used. These 

retained diatoms and: thecate dinoflagellates but 

allowed riakeo. forms to pass through. Hence, in 

August 1944, they were replaced by -Gra-docol' 1 

Membrane Filters with an average pore diameter of 2 

microns, which gave a very Oood result with all types 

of organisms.

At first, a phytoplankton count was ms.de on 

samples taken from several depths at each station, 

but the volume of work involved was too Ore-t for all 

the samples to fee analysed on the day they were t?.ken, 

so a combined sample was made up by mixing an aliquot
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portion from each sample. Thus one sample of 100 ml. 

was analysed from each station. Samples from three 

depths (1m., 3m., and 5m.) were combined for IIII, foui 

dapths (1m., '3m., 5m. and 8m.; at KG6 and from five 

depths (lm., 3m., 5m., 10m. and 15m.; for j\I and 

Sailean More. Although no data on vertical dist 

ribution were obtained with this method, it Oave s. 

much better estimate of the phytoplani:ton populations 

than could be obtained by selecting one or tv;o depths 

from each station. During the spring flowering of 

diatoms and throu,_.,hout most of the summer, the 

population was so dense that only ran lorn portions of 

tie sample on the slide were counted. (jn a few 

occasions the concentration of phytoplanl-cton was so 

O ree,t that a count of a concentrated sample became 

unnecessary and. counts were rja.dc- of uncoiicenti-'-.ted 

drops of the sample.

All the figures Oiven in the following account 

refer to numbers of cells per rnillilitre.

( 2). Zo_o£lanicjton.

Previous experience in Loch :jr?.i;-;lin nlmv/ed that 

the use of ordiri3,ry tov-/nets leads to very unreliable 

quantitative estimates of both ^hytoplanl-iton and zoo- 

plankton, nence another method vas adopted, viz. 

t he pumpin0 up and filtering of known cjje.ntities of 

v?ater by meaJis of a hand pump arid a Ion0 rubber hose, 

1 inch in dia,rneter, to the end of which was fixed a
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funnel about 6 inches across. Water was pumped from 

a series of 6 depths, at each of the three stations, 

KI, KII and Sailean More, into a can which held 

exactly 5 litres and was poured through a piece of 

fine bolting silk (200 meshes to the inch) stretched 

over the perforated bottom of a metal can. The 

plankton was then washed into a small volume of water 

and preserved in neutral formalin. ihis sample was 

allowed to settle and was then concentrated still 

further to a known volume by siphoning off the super 

natant fluid through bolting silk; a portion of this 

was then removed and counted in a counting tray. The 

sample was kept agitated while the subsample was being 

removed to ensure uniform distribution. The size 

of the subsample varied from one third to one fifteen 

th, depending on the dc-nsity of the population. If 

the population was small several subsamples were 

counted until a reliable count wac obtained.

All the zooplankton figures quoted, in later 

parts of the paper are given as organisms per litre, 

unless otherwise stated.

( 3 ). Experiments^.

Some experiments were made to assess the effect 

of grazing by the zooplankton on the phytoplankton  

Usually two jars were suspended in the water from a
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buoy, one containing an untreated sample of sea water 

aken form the loch, the other a corresponding sample 

f sea water from which most, if not all, the zoo- 

lankton had been removed by filtering through fine 

olting silk (200 meshes to the inch). The phyto- 

lankton was counted in a water sample before it was 

ut into the bottle, and again after the bottle was 

alcen up several days later. Before the bottles were

t out the nutrient concentration of the water was 

increased by adding appropriate quantities of a 

solution of MaN03 and KKgPO^ 7i/hen such an 

experiment was done soon after fertilizers had been

istributed and before nutrient concentrations had 

fallen, no nutrients were added. As the volumes 

of water involved were small (not more than 3 litres) 

the zooplankton present could not be accurately 

estimated so that trie figures O iven are only rou0h

stimates.

III. Tl-jS._ PLYTQPLAjjKTOi;_OF_LOG^_SITE^N 

The nannoplankton or jj,-flagellates are not 

discussed in detail in this paper. In general they 

were very much less abundant than they were in Loch 

Crai0lin (Gross etc. 1943). Except in January and 

February 1944, before the spring flowerinu of the 

liatoms, and again in the autumn in the same year, tise 

lumbers were seldom above 200 per cubic rriillinetr-: , 

ind no definite correlation could be established
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between these numbers and those of the larger phyto- 

plankton organisms or the density of the zoopl&nkton 

population (Nutman). It must be emphasised, however, 

that even a population of only 200 flagellates per 

cubic millimetre is equivalent in bulk of organic 

matter to a population of Skeletorieraa of the order of 

100 cells per millilitre, representing a substantial 

contribution to the food of the zooplsjikton.

The larger phytoplankton consisted mainly of 

diatoms and dinof lagellates. Distephanus (oilico- 

flagellate) occurred from time to time in small 

numbers and Ha.losphaera was fairly abundant during 

the sprin^ of 1946. T he diatoms were the dominant 

forms in spring and autumn and the dinoflagellates 

during the summer: in winter the phytoplankton was 

generally very sparse. A list of all the species 

identified is given in Table '1 and details of their

population densities in IsiaRbs ac-apteassto said 3aile?.n
and Kjyle Scottish
More, are presented in Tables "j , 4 said 5.

Durin0 the spring inc: ease of 1944 the most 

abundant forms were Chae to cero s deb il is and 

Thaj1a^giosira_npr_d.enskiol.dii > while other species of 

Chaetoceros and some Skel e t o nerua, cos t at urn were less 

abundant. In li'a/y, Chaetoceros was tiie most abundent 

form but Lepto cyl iridrus _danj.cu_s had replaced 

Thalassiosira and was the dominant diatom in ,.yle 

Scotnish in June, while Chaetoceros was still the 

most abundant form in Sailean Liore. In Sailean Ko re



10.

Thalassiothrix nitzschioides was fairly common in 

June and present in July. Nitzschia closterium was 

present at all times and occasionally abundant. In 

July and August diatoms were very sparse and dino- 

flagellates were ^he most abuundant phytoplankton   

organisms in Kyle Scotnish, the more important forms 

being species of Peridinium and Gymnodinium. 

Prorocentrum micans, Geratium furca and C. fusus were 

also common. In October an autumnal flowering of 

diatoms occurred, Skeletonema costaturn being the most 

important species, with some Thalassiot hrix 

nitzschioides and Gymnodinians. Geratium furca was

quite common in Sailean More. Skeletonema was still 

the most abundant form in November when Thalassiosira 

lad reappeared. The Phytoplankton was very sparse in 

December with diatoms and dinoflagellates present in 

roughly equal number.

In 1945 preoccupation with fish hatching prevented. 

the taking of samples before J.lay. By this time the 

3prin0 flowering was over and the phytoplankton 

resembled that found in summer 1944; diatoms were 

scarce and Pe_r_io^^^um_t£i] CjUe_tra was the dominant 

pecies. A small flowering of Skeletonema and 

Jhaetoceros took place in June. The next series of 

;amples taken in August showed a similar lack of 

liatorns and preponderance of dinoflagellates. At this 

; ime , Proro cent rum mi cans was the most abundant specJes 

Lgain in October an autumnal increase of diatoms took
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place, the most abundant species being Skeletonema 

£££j:ajtuni' There were also present some Chaetoceros 

^£^iii£» Thalassiothrix nitzschioides, Mtzschia 

s__erjLajba and Prorocentrum micans. By November this 

flowering had passed but the Sfjne species were still 

present. In December the phytoplankton was considers! 

richer than in the previous winter and the most 

abundant species was Gyunodinium sp.

The sprin0 increase in 19<+6 began in February as 

jhad been notad in 1944, but it reached a much greater 

density; concentrations of up to nearly 10,000 cells 

per ml. were recorded in ILyle Scotnish. Skeletonema

cp_sta^um formed the bulk of the phytoplankton 

population and Ch ae_ t££e_r o_s__s_£p_ . , Th al as s i o s i r a

i a.nd llitzschia serir.ta were all

bunde,nt. jy the end of Larci, the phytoplankton 

became ratner sparse and consisted mainly of

eridinians arid Gymnodinie.ns . A small secondary 

Increase of Slceletonerna and Ghaetoceros took place at

he end of April and be0imdng of Lay. This in turn 

.led down, leaving the dinoflagellates dominating the

lankton. Leptocylindrus and Thai a s s i o t h r i x 

iitzschio_ide_s increased in numbers at the end of Lay,

reechin0 the highest density in the mid. Me of June.

- -v July ^ ne plankton showed the typical composition

O i a summer plankton, dominated oy dinoflagellates . 

A genereM idea of the numerical fluctuations of

the phytoplankton population, apart from the efiects

iy
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of fertilizers, can be gained, i'rorn the data concern 

ing Sailean More, the details of which aregiven 

in Table 3. The total population was Just over 50 

cells per niillilitre at the beginning of March 1944 

when the spring flowering began and it rose to 269 

cells per ml. on the 13th. It fell to 27 cells on 

April 15th but rose again on April 18th to 334 cells. 

On the 14th of May the total population had fallen 

again to 28 cells but a short-lived flowering was 

recorded on the 14th with 135 cells, falling again to 

17 cells on the 22nd. The phytoplankton in June 

and early July was richer, 124 cells being recorded, 

on June 21st and 100 cells on July 10th, but by the 

end of July it was rather sparse, with a concentration 

of 18 cells on the 31st., and remained so until the 

autumnal flowering when there were 843 cells on the 

18th October. There were still nearly 200 cells in 

November but on the 18th Decaber there were only 15 

c ells per ml.

No further samples were taken until Lay 1945 when 

between 50 and 60 cells, mainly dinoflagellates, were 

counted but, with a small flowering of diatoms, this 

number rose to 310 cells on the 5 th of June. On 

August 6th when samples were next taken, there were 

75 cells present, mainly dinoflagellates, rising to 

110 cells per ml. on the 13th. An autumnal flower 

ing of diatoms took place late in September and on 

October 8th the water smaples contained 362 cells
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but on the 12th only 78 cells. At the end of Novembe

there was a slight increase of the population from 84
it

cells on the l'3th to 150 on the 19th and remained at
\

about the same density until the 30th. By the middle 

of December the figures fell to between '30 and 40, 

mainly Gymnodinians.

When samples were next talcen on the 8th of 

February, 1946 there were 32 cells per rnl. Shortly 

afterwards the spring flowering started; on the 2.8th. " 

there were 1621 cells per ml., and. the maximum was 

reached on Inarch 8th when the population reached a 

density of 4085 cells. There followed a rapid decline 

jaottaton the 25th of Larch there were only 11 cells per 

ml. Later the density rose again and reached 650 

cells on Lay 7th. Dinoflagellates formed a larger 

proportion of the population than in the earlier part 

of the yiear. Subsequently the diatoms died down 

quickly and the phytoplankton population declined 

gradually to '32 cells on the 9th of July. On the 

17th there was an increase in the number of 

Gymnodinians and Ceratiurn which raised the total 

population to 103 cells but this fell a0ain on the 20tJ- 

to 58 cells per ml.

The seasonal changes of phytoplankt' on may be 

summarised as follows (see Figs. 2 & 3). There was 

a, more or less intense vernal flowering of diatoms 

at the end of February or the beginning 

)f March. This was followed by several minor flower-
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ings In April, May and June when dinoflagellates were 

ormin0 a larger proportion of the phytoplankton than

in the spring until, in July and August, they 1'orined

lalf or more of the total population. An autumnal 

lowering occurred in late September or the beginning 

f October and again dinoi'lagellates were sometimes of

greater importance in this than.; in the vernal 

lowering. The diatoms of the autumn increase may 

er..sist until late November, as they did in 1944, or

there might be a small flowering in November after a 

rapid decline in the population in October. The 

phytoplankton in December was rather sparse.

IV. THE EFFECT OF FERTILIZERS Oil TII3

PHYTOPLANKTON.

After fertilizers were distributee the response 

of the phytoplankton was usually immediate but short 

lived. It is, therefore, convenient to d,scrbe 

separately the changes which followed each distributio 

of the fertilizers. 

1944.

January. The phytoplankton was very spar.se and no 

response to the distribution of fertilizers was 

observed.

Maroh_i.^§;bl_e_7_j_. The spring increase had passed its 

peak when fertilizers were distributed on March 14th. 

Ghaetoceros was the dominant form. On Harch 13th 

the phytoplankton population was 190 cells per ml. at



15.

KII and at KI varied from 123 cells at 5m. to 57<3 

cells at 10m. At KII it rose to 447 cells at 3m. 

on the 18th and. at KI to 638 cells at 15m. on March 

21st. Subsequently the figures fell but KI remained 

richer in phytoplankton than Sailean iVore until April 

18th, when there were 330 cells per ml. at both these 

s tations.

Ma,y._|Table 8) . On llth May the phytoplankton was 

rather sparse at all stations with Leptocylindrus and 

Ghaetoceros as the dominant forms and a total 

population of 32 cells at Kl and in Sailean Lore, 

and 60 cells at KII. I n. Sailean More the density 

of the phytoplankton showed little change on the 14th 

but increased to 137 cells on the 16th, following 

a slight increase in phosjohate concentration in the 

water. On the 18th it fell to 53 cells and 

decreased further to 17 cells on the 22nd. Thus the 

period following fertilization in Kyle Scotnish 

coincided with a small and very short-lived flowering 

of diatoms in Sailean More. Two days after the 

application of fertilizers, diatoms numbered 150 per 

ml. at KI and 189 at KII. The maximum density was 

reached at KI on May 16th when it was 458 cells and 

at KII on the 18th when it was 350 cells per ml. The 

subsequent decline was fairly rapid at KI and slower 

at KII but at both stations the phytoplankton 

populations remained above 100 cells per ml. (see Fi£- 4-J, 

August_LZ§:£l£_..9j_« On the next occasion when the
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effect of fertilizers was followed up the population 

was rather sparse and consisted mainly of dinoflagellals 

Ho response was observed until the 14th day after the 

distribution of fertilizers when the number of cells 

at KII was 80 as compared with 11 on 7th August. But 

this increase in numbers was probably unreal, because 

the samples on the 14th of August were concentrated on 

membranes, with the result that many more Gymnodinians 

were counted than in the previous samples which had 

been concentrat ed on filter papers.

Oc_to_b£r_( Table 10^ . An autumnal increase took place 

in October 1944 and on the 16th the p-ytoplankton 

density was 705 cells at KI and 1114 cells at KII, 

most of them 3kelet£nema_co^tatum_. Fertilizers 

were distributed on October 16th but bad weather 

prevented adequate further sampling and the figures 

are difficult to interpret; but the increase at KII 

from 323 cells on the 19th to 936 cells on the 25th 

vi as probably 3. response to the added fertilizers. 

No_vembe_r__L2§:kl.2_lili. ^'le phytoplanlcton in Movev/oer 

was still fairly dense, nearly 200 cells at all 

stations on the 13th; the dominant form was 

Skeletonema. Fertilizers were distributed on 

November 13th but no subsequent increa.se wass observed 

in Kyle Scotnish and, while the population in Sailean 

More did not decrease during this time, there was a 

marked drop at KI from 148 cells on the 14th to 96 

cells on the 115th and to 68 cells on the 17th and
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at KII from 212 cells on the 15th to 117 cells on the 

17th.

1945.

LTajD!L_e__l_2_l_._ The response to fertilizing was no 

followed up in 1945 until May. At this time the 

phytoplankton ; was rather sparse, made up chiefly of 

Feridinians. In Sailean More the population density 

waa unchanged until the 5th of June v/hen it rose to 

310 cells in a flowering, of okeletonerna. Fertilizers 

were distributee: on hay 17th. At KI the phyto 

plankton increased from 22 cells on the 14th to 68 

on the 21st and remained at t hat level until the 5th 

of June. A similar response was recorded from KII 

where the figures rose from 64 cells on the 14th to 

137 on the 21st but decreased to 54 cells on the 28th 

and 45 cells on the 5th of June.

Auj,us_t. On August 6th the phytoplankton' was fairly 

rich in both kyle Scotnish and Sailean l.iore, estimated 

at 111 cells per ml. in Sailean Iiore, 126 at KI and 31 

at ivll. Fertilizers were dist ributed on the 7th and 

a week later the numbers had risen to 429 at ivl while 

no increase was noted either at illl or in Sailean Tore 

Oc_1;pJ^e_r__\ Table_ 13j. The autumn increase was some 

what earlier in 1945 than it had been in 1944 and was 

3 n the decline when fertilizers were distributed on 

Dctober 10th. In Sailean I.:ore the phytoplankton 

lensity was 362 cells on the 8th, 73 on the 12th and 

remained about 70 cells per ml. until the 18th. In
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Kyle Scotnish the population on the 8th was 660 cells, 

Ske_l e t o nema c q s tat urn and. Prp_rocentrum__rM_i£an£ bein^ 

t he most important species present. it i'ell to 213 

cells on the 12th but rose rapidly to 1648 on the 15tl- 

and to 3772 on the 18th of October. The drop in 

concentration oi' the phytoplankton on the 12th may have 

been caused by dispersion;:, and admixture o±' outside 

water due to high wind between the 8th and the 12th. 

November_i_Table_l.4 ) • In November the phytoplankton 

in Sailean tiore was much the same e.s it had been at the 

end of October; on the 13th there were 84 cells and 

Skeletonema, and prorocentrum were the most important 

forms. On the 19th the population had increased to 

150 cells and this level isas maintained on the 30th. 

Before fertilizers were distributed on November 14th 

the phytoplankton in j\ yle Scotnish was rather richer 

than in Sailean More, varying from 10 1 cells at KG6 

to 181 at ill I. On the 16th, two days after the 

fertilizers had been distributed, there was a distinct 

increase in the plankton of Lyle Scotnish to 277 cells 

pit KG6 and 293 cells at i-.II. The phytoplankton was 

still rich on the 19th but by the 30th November its 

lensity decreased to 38 cells at i-lGb and 55 at KIT. 

;)e_cj3mbj5r_L3^^l£_i2i' The phytoplankton was rather 

parse in December. There were 71 cells at KG6 and 

3 in Sailean more on the 10 th and Gymnodinians were 

he most numerous forms. fertilizers were distributed 

on the llth but no response was observed.
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1946.

. The spring flowering in 1946 was rather 

denser in riyle Scotnish than in Sailean f.'ore (see 

Tables 3, 4, 5 and 6;. This may be t^ken as a result 

of increased productivity due to previous f ertilizatior 

On the other hand, fertilizers were distributed four 

times from February to April but there was no apparent 

r esponse of the phytoplankton during that period. 

Fertilizers were distributed on March 5th when the 

phytoplankton appeared to have reached its maximum 

density and on the 8th the population began to decline 

A second distribution was made on the 15th but the 

phytoplankton continued to decline still further to 

11 cells at KII and 35. cells at KI on the 21st. 

Thereafter the numbers rose slowly until, on April 9th
^

there were 56 cells at KI and 168 cells at KII. 

Fertilizers ?;ere distributed on the 10th (Table 16) 

and the phytoplankton did increase on the 15th and 

afterwards. However, on the 18th the populrtion 

density in Sailean More showed an increase of the srme 

order of magnitude as that at KI and it rgay_ therefore 

not be justified to attribute the increase in Scotnish 

to the distribution of fertilizers. On the other 

hand, the fact that the increase at KII v;as consider 

ably greater, reaching 971 cells per ml. compared 

[with 550 cells in Sailean More on May 1st, mc.y be 

regarded as evidence of an effect of the added 

F ertilizers .
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By the 20th of May, the diatoms

which had formed the great er part of the phytoplank- 

ton on the 5th had disappeared, and dinoflagellat.es, 

chiefly Proro centrum, Peridinians and Gymnodinians , 

made up most of the population of 168 cells per ml. 

at l-III. Fertilizers were distributed on the 21st. 

There was a small increase on the 22nd which may or 

may not have been an effect of the fertilizers, but 

on the 25th a marked increase in the number of 

Le_jtocylindrus raised the total population to 243 

cells per ml. and a second increase, this time of 

Gymnodinians, brought it up to 522 cells on the 27th. 

This increase was undoubtedly in response to the 

fertilizers, because the phytoplankton in Sailean Lore 

decreased from 135 cells on the 29th to 70 cells on 

the 24th of May (see Table 3) and no increase in 

Leptocylindrus or Gymnodinians was recorded.

Ju_ne_ _ (Table 18) . When samples were next taken on th

/ 
13th of June the phytoplankton was still'f airly rich,

134 cells per nil. at KG6 , 10 2 cells at KI and 65 cell 

in Sailean More. There was little change in Sailean 

More on the following days until the density fell 

to 39 cells per ml. on the 24th. In Kyle Scotnish 

fertilizers were distributed on the 14th and on the 

17th there was a distinct rise in the number of 

Leptocylindrus which reached its maximum on the 20th 

when the total population was 230 cells per ml. a.t KG6 

On the 24th, although the Leptocylindrus had declined
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a big increase in Thalassiothrix brough the figures 

to 406 cells per ml.

J.EIZ_Lj^kl£_12l' Dinoflagellates were the dominant 

forms in the phytoplankton in July, and on the 9th the 

total population was estimated at 80 cells per ml. at 

KI, 112 cells at KII and 32 cells in Sailean More. 

After fertilizers had been distributed on the 10th therjre 

was a small rise in the number of dinoflagellates at 

all stations, which cannot therefore be attributed to 

the fertilizers. But on the 17th a minute species of 

Chaetoceros (G. fragilis) was very abundant in Kyle 

Scotnish and on the 20th the total population was 

394 cells per ml. at KI and 457 cells at KII as 

compared with 58 cells in Sailean More.

A fuller appreciation of the effect of 

fertilizers on the phytoplankton is only possible 

if the zooplankton population and the amount of 

phytoplankton removed by it are taken into considerati 

This relationshop v/ill be discussed in a later section 

(see p.5 7) .

Y. THE_ZOOPL ANKTO^_OF_LOCH_SWEEK.

Most of the plank tonic animals in Loch Sv/een 

were relatively small forms. Among the copepods 

0 ithona_s_2:milJ1 s_ wa,s the most frequent form, A£art_ia 

claujsi and harpacticids were frequently taken, and 

A. discaudal,a, G_e_ntrp_p_a£,e_^_t^r£i_cu£, C_._hamatus an-'l 

Temora lorigicornis were occasionally recorded. Next
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to the copepods the most numerous groups were 

Tintinnoidea and Rotifers. The Cladocera, Evadne 

n o r din ann i'an d in]te_rnie_o_ius_, were sometimes common
i

and Cirripede nauplii occurred seasonally. A count 

made on a townetting taken on 10th },:ay, 1944, is 

given in Table 20. It shows the relative frequency 

of the crustaceans present in the plankton at that 

time. Rotifers and Tintinnoidea were present in 

very varyin0 numbers at almost all seasons and were 

occasionally fairly abundant.

Among the larval forms, Polychaeta were present at 

all seasons but were never very abundant. The most 

abundant larvae were the Gastropoda but they were more 

or less restricted to the early part of the summer. 

Lammelibrancii larvae occurred at approximately the 

same time but were usually less plentiful!. Echinodern 

and Tunicate larvae occurred only sporadically. 

As was done with the phytoplankton, the conditions in 

Ss,ilean More will be described first and then those in 

Kyle Scotnish. The relevant details are given in 

Tables 20, 21 and 22, and in Fig. 7. 

1944,

On the 15th March there were 2.7 organisms per 

litre in Sailean tore, most of which were Polychaete 

larvae. There was little change in the numbers until 

the 20th of May when there was a distinct increase in 

the number of Acartia and copepod nauplii which
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continued to be present until the 24th when the total 

population was 18.7 organism sper litre. The 

number of Acartia fell on June 14th and on July 19th 

a big increase in Oithona was recorded which brought 

the population up to 53.1 organisms per litre. The 

increase continued on August 2nd when there-were 77.6 

copepods and 119 rotifers per litre, but on tne llth 

the total population fell to 104.8 organisms per 

litre because of the disappearance of these rotifers. 

At the same time the population of adult Oithona rose 

from 14^ of the total copepods to 62^ and that of 

nauplii fell from 40^ to less than 3^. On 6th 

September there was another bi0 increase in the 

number of nauplii and early copepoaite stages, 

bringing the total population up to 195.7 organisms 

per litre. A month later there was a general decline 

and the total population was only 44 organisms per 

litre, but rose sli0htly to 59 organisms on the 23rd 

October. A further increase of nauplii and young
«

copepods raised the population to 77.5 organisms per 

litre on November 20th but it fell to 32 organisms 

on December 27th and to 5.5 organisms on January 9th. 

The winter zooplsnlcton consisted almost entirely of 

c opepoditcs.

In Kyle Scotnish the zooplankton was rather 

richer than that in Sailean ko re on the 15th of L'arch, 

9 organisms per litre bein0 present at KI and 7 at KII
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It increased steadily and rapidly to 373 organisms 

per litre at KH and 203 organisms at XI on July 19th, 

compared with 53 organisms per litrvin Sailean More. 

There was no check: to the increase in June as there 

aad been in Sailean More, although there was a slight 

drop in the number of nauplii, and there was. no marked 

change in the proportion of the various copepod stages

KI the population remained at about 200 organisms 

per litre until 6th October, except for a fall to 160 

organisms on September 6th, but the relative frequency 

of the different copepod stages change-:' more than once. 

On the 19th of July there were 83.6 na.uplii per litre, 

including harpacticids, 47 copepodites and 42.3 adult 

copepods. The number of nauplii fell on the 2nd of 

August to 49.6 per litre while the number of copepod 

ites rose to 77.6, with little change in the number of 

adults; on the llth there '~as no change in the number

nauplii but the number of copepodites had. fallen 

somewhat and. that of adult copepods increase'-" from 44

bo 69 per litre. The number of both adults and
I3.5T and

copepodites had fallen to^4^.5 per litre respectively

)n 6th September, but nauplii had increased to 85 per 

.itre. These in turn showed a slight decrease on the 

3th of October while copepodites increased considerably 

ind adults slightly. On the 2'3rd October there was a 

-eneral dear-ease, least marked in the copepodites which
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decreased only to 67.5 per litre, while the number of 

adults fell to 9.5 per litre and that of the nauplii 

to 38 per litre. This general decline continued until 

the 8th of February when the total population 

numbered only 28.8 organisms per litre, of which 20.7 

per litre ?;ere copepodites.

At KII (Table 22) conditions were rather differen 

After the peak of 373 organisms per litre on July 19th 

the total population fell to 197.4 on the 3rd of 

August but while this decrease affected all the 

component stc.aes of the plankton, adult copepods 

decreased rather less than nauplii or copepodites and 

the percentage of adults rose from 18^ on July 19th to

5$k on 3rd August, while the percentage of both 

copepodites and nauplii fell slightly. Between the 

3rd and tfte llth of August, the number of nauplii and 

adults fell further but there was an increase in the 

number and proportion of copepodites, and the tot^l 

population showed very little change. The densest 

zooplankton population reached 492.5 or0anisms per 

litre, with nauplii and copepodites nearly trebled 

and adult copepods doubled in number as compared with 

the figures on the lit;* of August. The zooplankton 

declined to half its density by 6th October, the 

reduction being most marked in the number of nauplii, 

which fell from 216.5 to 85 per litre, while copepod 

ites only dropped from 161 to 130.5, so that the
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proportion of copepodites to other stages of develop 

ment increased markedly. The proportion of copepodites 

increased still further to 60$ of the total copepods 

by the 23rd of October, when the total population rose 

to '312.5 organisms per litre. This rise was caused 

by a small increase in t he number of adults and a 

larger one of copepodites. From November the total 

population of zooplankton fell steadily to 5.4 organ 

isms per litre on February 9th. Of these 80% were

opepodites. 

1945.

In the spring of 1945 the total population of 

Sailean More rose fairly rapidly from 5.5 animals on 

February 9th to 75 animals per litre on I.'ay 15th, due 

almost entirely to the increa.se in the number of 

copepods. But on 23rd Lay the total population fell 

to 11.3 animals per litre and rose ac;e,in on 30th Lay 

to 83 organisms per litre owing to an increase in the 

number of copepods. It is significant that this short 

period of depression in the number of copepods 

coincided with the period of maximum density of 

Aurelia aurita which was found to be grazing heavily 

on copepods at this time. On 8th June the total 

numbers were much the same as they had been on \ ay 30th 

viz. 86.5 animals per litre, but the total number of 

copepods had fallen from 62 per litre on Lay 30th to 

41.5 per litre while Tintinnoids had increased from 

L2.5 on the 30th to 35 per litre on the eth of June.
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There was a big increase of copepods and of the to 

number of the zooplankton on loth June when the totp.l 

population was 281.5 animals per litre, but this was 

not long-lived for on 3rd August it fell to 14.8 

organisms and it remained low until the 5th November. 

This fall affected the whole of the zooplankton with 

the possible exception of larvae. Between August 

and November there was no great change in t^- com-   

position of .the population except for a decrease in 

the number of copepodites and a rise in the number of 

nauplii. The big increase to 98.5 animals per litre 

on the 5th of November was due a,linost entirely to 

the rise in the number of copepodites fis.c, 5.2 on 26th 

September to 85 .per litre on November 5th, which may 

be correlated with the autumns,! 'flowering of the diatoms 

which took place at the beginning of October. After 

November the zooplanicton decreased, fairly rapidly to 

18.4 animals per litre on December 3rd and finally, 

on January 25th, there were onl$ 2.2 animals per litre 

a,ll of which were copepods and of these, two-thirds 

were copepodites.

In Ilyle Scotnish, while tne zooplanicton populatic 

at KII was just as low in j^'ebruary as that in cjailean 

Lore, that at LI was distinctly richer, numbering 

28.8 anirimls per litre on February 9th. On 2'3rd 

March, the two populations were roug.ily equal, 37.3 

at KI and 36 at EII, compared with 16.2 animals prr 

litre in Sailean faore. At KII part of this increas

al
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was due to an increase of the copepods, most marked 

ly in the numbers of adults and nauplii, but the re 

mainder, and the whole of -the inci-ee.se at r.I, was due 

to the appearance of rotifers, which reached a density 

of 9.4 per litre at El and 20 at i<_II. The number of 

copepods increased very rapidly after I'.arch and by 

April 24th, althou0h there was little change in any 

other group, the botal population was 185 animals per 

litre at XI and 415 at KII, compared with 40 animals 

per litre in .Sailean Uore. These big increases were 

most marked in the number of nauplii which iricreasei 

at KI from 4 per litre to 122 per litre, and at ivll 

from 2.6 to 289.5 per litre.

On the 15th of L'ay KI showed little change in the 

total numbers although there were big changes in the' 

proportions of the different stages of copepods. The 

numbers of copepodites and adults had roughly doubled, 

while the number of nauplii was reduced to half. ±jut 

at KII the total population dropped from 415 animals 

per litre on April 14th to 131.5 on l.'ay 15th owin^ to 

a, big fall in the number of copepodites arid iiFuplii. 

further (decline was recorded on 2'3rd. Lay, when the

otal population was only 109 organisms per litre. 

The fall in the number of copepodites was accompanied

y a distinct rise in the number of small Tiatinnoida 

"'he zooplanlcton at KI also showed a marked decline o"i 

Lay 23rd, again due to a big decres.se in the number of

opepods, accompanied by a distinct rise in the number
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of small Tintinnoids. As has already been mentioned, 

in discussina the conditions in Sailean More, this dro] 

in the zooplanicton on May 2'3rd coincided with the 

maximum of Aurelia which was feeding on the copepods. 

The small Tintinnoids which showed an increase in 

number at this time were probably not taken in &.s food 

by Aurelia. On IViay 30th the zooplanicton at j;I was 

already recovering from this setback and the number 

of copepod nauplii had increased from 28 per litre to 

115.5 per litre. At iCII there was a similar but 

smaller increase in the number of nauplii on I/ay '30th 

but, as the number of older copepod sta0es and of 

Tintinnoids declined at the same time, the total 

population showed little change in number until June 

3th when there was a further incree.se in the number of 

nauplii from 58.5 to 113.5 per litre and a distinct 

increa.se of Tintinnoids. At KI there was s, similar 

further increase of nauplii to 216 which brought the 

total population up to 313 animals ^er litre. 

Between the 8th and the 19th of june thee was little 

change in the population at KI, except for the re 

placement of some nauplii by roughly the same number 

of copepodites; but at ivll there was a big incres.se 

raising the total population to 417.5 organisms per 

litre. The total populat ion a.t KII rose further 

on July 13th to 496.5 animals per litre. This 

increase was most marked in the number of copepodites 

which increased from 54.5 on June 19th to 127.5 v.hile
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nauplii decreased from 2'37.5 to 165.5. At KI the 

total population i'ell from '332.5 animals per litre on 

june 19th to 239.5 animals per litre on July l'3th, a.nc 

the only fi0ure showing an increase on that date was 

that of copepodites.

On the 3rd of nugust there was a general decrease 

at all three stations, the total populations falling 

to 19.8 animals per litre in Sailean r.iore, 30 animals 

at ivl and 99.5 at Ell. Uhis big decrease in the 

zooplankton coincided with the presence of large 

shoals of young herring. These were caught in iv.yle 

Scotnish on several occasions in August, September 

and in november, and. examination of their gut contents 

showed that they had been feeding on the copepods 

Olthona and Acartia which were most abundant in iiyle 

Scotnish. Similar shoals of youn0 herring are known 

t o have been in Sailean tore during most of September 

it is probable that the feedin0 of these yo.ung herrin 

had red.uced the zooplankton population to the lov; 

figures i'ound during this period. In Sailean r'ore 

the population rose slightly from 19.5 animals per 

litre on August 3rd to 26 animals on the 15th, v;here : 

remained until September 2&th, with little change in 

its composition. in I-lyle Scotnish the .number of 

copepods continued to fall a little longer but by the 

15th of August there were about 2u per litre at all 

stations and their concentration remained at tbrt 

igure until N ovember. The total population
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c. considerably higher in Kyle Scotnish than in 

bailean More in August and the first half of September 

because of the presence of numbers of Tintinnoids a.i:u, 

on one occasion, of PojLyjcjr_icps*.

There was an increase in the number of copepdds 

in November at all stations, but t r: greatest in 

Sailean More. The biggest increase took place in the 

number of copepodites and it is likely that this was 

the result of the autumnal flowering which had taken 

place in October. In December the population fell 

away fairly rapidly to low figures of less than 10 

animals per litre and there was litrle change from 

December 3rd to March 2nd.

In Sailean M ore the total population on the 2nd 

of Iviarch was 3*1 animals per litre of which 2.1 were 

copepods. As more than half of these copepods were 

nauplii, it is probable that the copepod population ha I 

already begun to increase. But although the total 

rose to 28.5 on the 19th, the number of copepods was 

no larger and the increase was due entirely to the 

number of Rotifers present. Conditions w-rr still th 

same on April 15th when, out of a total population 

of 13 animals per litre, 14.6 were rotifers.

*Polycricos, a heterotropic dinoflagellate, has been 
included in the counts of zooplankton.
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On 20th May, with a reduction in the number of rotifer 

to 1.1 per litre, the total population fell to 6.4 

animals ^er litre. But when it rose to 1410 animals or 

June 3rd it wa: largely due to a distinct, though 

small, increa.se in the number of copepods. This 

continued on the 25th when the total population rose tc 

24.8 animals per litre. On July 18th the population 

fell again, due to a decrease in the number of copepods 

but on the 8th of August a large increa'e in all 

copepod stages raised the total population to 103.'3 

animals per litre.

In K yle Scotnish too the copepods failed to 

increase just as they did in 3ailee.n I'.ore. The total 

number of. copepods at KI was less than 10 per litre 

until the 3rd of June when it was 16.2 per litre. 

There followed only small increases between then and 

9th August when the last series of samples were talcen. 

At KII the increases were rather larger and on the 

25th of June there v/ere 42 copepods per litre, "out the 

population declined again to 13 per litre on August 9t 

The total zooplankton reached considerably greater 

densities but never was as rich as in the tv:o previous

ears. Thus, at its highest, on June 26th the total 

population was 132.6 animals per litre at i:i, of which 

0 were Tintinnoids and 19-9.6 animals per litre at hll 

made up of copepods, 68.4 gastropod larvae and 51.3 

noids per litre.
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VI  

ZOOPLANKTON.

The immediate response of the phytoplankton to

he distributiofa of fertilizers was otrvious on several 

occasions but, owing the the great variations in its 

growth and to the efi'ects of grazing, the effect of 

fertilizers may have been of teru obscured. Therefore 

it may be more profitable to attempt an assessment of 

the effect of the fertilizers on the zooplankton as th 

more stable component of the plejnkton.

During 1944, the benificial effects of the 

fertilizers on the zooplankton were apparent in severa! 

ways. Firstly, during the early part of the year, 

when the zooplankton began to increase after the sprin 

Flowering of the diatoms in March, until the 19th of 

July, the zooplankton populations at both KI and KII 

Increased steadily in density from less than 10 to 

?03.2 animals per litre at KI and to 373.2 ani.ma.ls 

it KII. During the same period the populations in 

Sailean More had shown only minor fluctuations until or 

ihe 19th of July it was 50 animals per litre. This

teady increase in the population in Kyle Scotnish 

suggests that the added fertilizers had led to the

roduction of phytoplankton food suf f icte nt for the 

taintenance of a steadily increasing zooplankton 

lOpulation. There were no setbacks such as appeared

o have occurred in Sailean M ore, where the population 

 ose to 18.7 animals per litre on 24th J/: ay but declines
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again to 7.1 animals per litre on the 14th of June.

Again, during the whole of the summer, from July 

until the middle of October, the zooplankton density 

in Kyle Scotnish only once fell significantly belo.w 

200 organisms per litre - when it was 160 at KI on t,he 

6th of September - while at KII it was on several 

occasions very much higher - '373.2 animals per litre 

on July 19th and 492.5 animals per litre on the 6th 

of September. At that time the population in 

Sailean More was fluctuating widel., between about 50 

and 200 animals per litre. The average populations 

g^iven by the five samples taken between 19th July and 

6th Octobe-r was 123.1 in Sailean More, 198.8 at KI 

and 307.0 at KII so that during this period the 

average density of the zooplankton in Kyle "Scotnish 

was,: at-.KI, more than one and ahalf times, and at 

KII more than two and _a half times, greater, than it 

was in Sailean More.

There was another big increa.se of the zooplenkton 

at KII after the autumn flowerin^ of the diatoms but 

the density of the populations d^created at all the 

stations after October, although KII remained notably 

higher than KI or Sailean L'ore until 'the 27th of 

December. - This v^as probably an effect of the 

distribution of the fertilizers in the northern part 

of Kyle Scotnish. By the 8th of February KII and 

Sailean More had decreased to figures similar to that 

ecorded in the beginning of the experiment but KI was



still considerably richer, with 29 animals per litre. 

In explanation oi' this it may be suggested, that the 

rich phytoplankton produced in Kyle Scotnish by the 

fertilizers resulted in a great er survival of the 

zooplankton in I'yle Scotnish, either because the 

copepodites were able to store more food during the 

autumn, or because there was a greater amount of

plankton food in Kyle Scotnish during the winter.
of 

Although the phytoplankton appeared to be ̂ approximate!;

the same d-nsity in Kyle Scotnish and in Sailean More 

the actual production was presumably greater in Kyle 

Scotnish wnere a larger zooplankton population was 

maintained. On February 8th richer zooplankton 

was recorded at KI but at KII adverse conditions due 

to the fact that the North B asin was frozen "over for 

nearly a fortnight in the second half, of January, 1945 

had reduced the copepod population to a density 

compa,rable to that of the population in Sailean Lore.

jish (1936) has suggested that O'ithona tends to 

withdraw into deeper water in winter, and the con 

centration of the bulk of the population at KII into t): 

narrow zone at the bottom'- of the loch might have led 

to their bein0 missed in the samples taken in January. 

Alternatively, their crowding into a narrow zone in the 

deeper water mi 0ht have rapidly exhausted the fo d 

available for them there v/ith the result that tueir 

numbers were reduced by starvation.

Again, in 1945, the effect of fertilizers was
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apparent in March when the zooplankton in Kyle Scotnis
as nu merous as 

v^as more than twice ̂ that in Sailean More. On 24th A;J

April the population was very dense, being 185 animal 

per litre at KI and 415 at KII, respectively four and 

a half aind more than 10 times greater than that in 

Sailean More.

In May the number of zooplankton animals declined 

and on the 23rd there were only 95 animals per litre 

at ill, 109 at KII anu. 11 animals per..litre in Sailean 

More. (There is some uncertainty about this figure 

because there was a delay in preserving the sample 

so that it may be too low). As has already been 

remarked, this drop in the density of the zooplankton 

population coincided with a great development of 

Aurelia in Kyle Scotnish and, as investigation of the 

stomach of a few specimens of Aurelia revealed large 

numbers of adult copepods a.nd copepodites, the® can 

be little doubt that the decline in the number of 

copepods was brought about by the depredations of 

Aurelia.. As is to be expected, the recovery of the 

zooplankton b^egan v/ith a great increase in the number. 

of nauplii which formed about 85^ of the copepod 

population at both KI and KII on the 30th of Ka,y and 

over 90%, of the populations on the 8th of June. This 

suggests that the response of the zooplankton to the 

distribution of fertilizers was bgeia very rapid. 

As has already been noted, the zooplankton did at 

times increase very rapidly, e. 0 . in Lay 1944 when it
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doubled its numbers in four days. At this point, 

it might be suggested that Olthona and other small 

copepods, and perhaps small Rotifers and Tintinnoids, 

may have a greater importance than is generally 

supposed. In the first placd they are not adequately 

sampled by ordinary net hauls, owing to their small 

size. This was brought out in the count of the tow- 

netting taken on the 10th of kay 1944 (Table 20), and 

it was noted by ?ish (1936) in his study of Oithoria. 

Secondly, the data from Loch Sween show that O'ithona 

breeds almost continuously throughout the summer, as 

Fish (1636) found in American waters. T^his means 

that any increase of the phytoplankton can be 

immediately utilized by nauplii and copepods of 

Olthona with the result that the population can 

increase in numbers at any time, unlike larger forms 

such as Galanus, in which there are only few 

successive broods each year. Olthona and similar 

forms may therefore be of considerable importance 

in the utilization and fixation of short-lived 

phytoplankton increases.

In August 1945, the zooplankton declined con 

siderably both in Kyle Scotnish and in Sailean Kore. 

On 13th July the population density was 250 animals 

per litre at KI and 497 at KII; no sample v/as 

available from Sailean More. On 3rd August there 

were only SO animals per litre at KI, 100 at KII and 

20 at Sailean More and the population remained
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for the rest of the year. The decrease in the densit 

of the zooplankton was due to a drop in the number 

of copepods, particularly of the later stages. Adult 

OSthona vie re only recorded on two occasions at KII 

after July and copepod eggs which had been abundant 

during the late summer of 1944 and the earlier part 

of 1945, were very scarce. That this low density 

of the zooplankton was not a result of lack of food 

is clear from the existence over this period of a 

relatively abun, - dant phytoplankton in both Kyle Scotnish 

and Sailean I/I ore. Thus in the first half of August 

there was a phytoplankton of 300 cells per ml. at KII 

and at KI an increa.se to over 400 cells followed the 

distribution of fertilizers on the 7th. But large 

numbers of small fish were seen "playing" at the 

surface of the loch on calm days at this time and on 

31st August about 100 young herring, apparently a par 

of a lar^e shoal, w.c-:re caught. Similar shoals could 

be seen playing at the surface and samples were caughl 

from time to time until 22nd November. Examination 

of the guts of a few of these herring showed that thej

were/full o£> copepods, mainly adults and large copepod-
/

ites of Oithona, and it is reasonable to suppose that 

the feediri^ of these herring, and possibly of other 

small i'ish such as sticklebacks, was rsponsible for 

the reduction in the numbers of the zooplankton. 

Thus during August 1945 the plankton at KII 

appear to illustrate the control by grazing of
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two populations. I n the first place, the physical 

and chemical conditions were suitable for rich growth 

of the phytoplankton, but this was limited '.jy the 

grazing of the zooplankton., and was unable to 

increase after fertilizers were distributed on August 

7th. Secondly, although the phytoplankton was much 

richer than that which had, in 1944, supported a 

zooplankton population twice as dense as that of 

August 1945, the zooplankton population could not 

increase because the small fish were feedin0 on the 

adult copepods and so restricting reproduction.

During March and April 1946 grazin0 did not 

appear to be an important factor in the control of the 

phytoplankton (see p. 6Sj. After Lay the succession 

of diatom flowerings which occurred recall the con 

ditions in. 1944 when there was evidence of a similar 

succession of flowerings, but the zooplankton 

populations did not follow the same course as it had 

done in 19-: 4. It began to increase slowly in I,'arch, 

and on the 19th there were about 9 animals per litre 

at both KI and KIT, and 28.8 in Sailean Ho re. This 

lack of further increase can perhaps be explained 

as a consequence of the complete dying out of the 

diatoms at the end of March.

The zooplankton in ICyle Scotnish had increased a 

little by the 20th of Lay to over 20 animals per litre 

but nearly half of this population was made up of 

Rotifers and when a small further increase took place
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between the 20th and the 27th most of this was due to 

an increase in the number of Rotifers. This sparsit 

of copepods continued throughout the summer. On 

June 25th, although they Y\ad increased a little, they 

formed only 2Q% of the zooplankton in Kyle Scotnish 

compared with 50 to 8Q% at a comparable date in 1944 

or 1945. The bulk of the zooplankton at. this time 

was made up of larval forms, especially Gastropod 

larvae, and of Rotifers. In Sailean More the 

diffeerices between the plankton in 1944 and 1946 v^ere 

not so great but here too the zooplankton was 

relatively very sparse in 1946.

It is difficult to account for the scarcity of 

copepods duriri0 the summer of 1946 but a tentative 

explanation may be suoej ested. Harvey (1942JJ has 

pointed out that copepod nauplii are small in size 

compared with most planktonic diatoms and suggested 

that they may be dependent on small flagellates and 

other minute organisms for food. Raymont and Gross 

(1942) showed that the nauplius of ualanus, a very 

much larger copepod than O'ithona, appears to feed to 

a great extent on nannoplankton flagellates. There 

fore it is probable that the diatoms and dinoflagellat.es 

which were abundant in spring and early summer in 1946 

were of no value as food: for the nauplii of Olthona 

which in normal circumstances probably feed on nanno 

plankton. The data for u.-flagellates show that there 

was much less nannoplankton in Kyle Scotnish in 1946
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than in either 1944 or 1945, and the lack of suitable 

food i'or the small nauplii may have prevented the 

development oi' a rich copepod population. On the 

other hand, Rotifers are able to ingest relatively 

large Gymnodinians and Peridinians and were often 

observed with such forms in their stomachs.

The planktonic larvae of benthic forms were a 

fairly constant seasonal component of the zooplankton 

in Loch Sween and they shared in the general increase 

in the zooplankton which took place after the 

experiment began. Their increase in 1944 and 1945 

was more probably due to an increased rate of 

survival in the plank tan than to increased spawning, 

because the changes which took place in the density 

of the bottom fauna (Gross etc. 1946) could not have 

a large effect on the spawning stock in so short a 

time. On the other hand, the very Iar0 e increase 

in 1946 in the number of Gastrdpod larvae, which 

reached 68.4 per litre on 25th June at i-.II, and the 

similarly greater numbers of Lamellibranch and Foly- 

chaet larvae at the same time were probably the 

result of a greater production by a spawning stock 

which had considerably increased in the two years of 

the experiment.

The quantitative changes in the zoopl'.nkton in 

Kyle Scotnish and Sailean I/ijDre are summarised, in 

.fig. 8. In this graph the population in Sailean 

More has been taken as unity and the populations at
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KI and KII expressed as multiples of it. The data 

show that only on one occasion in 1944 was the zoo- 

plankton in i'^yle Scotnish distinctly poorer than in 

Sailean More, i.e. when it was 82;": of Sailean More 

at KI on 6th September; on the other hand, it was 

frequently 3 or 4 times as rich a,nd on l'3th June 194 

t^here was more than 16 times as much zooplankton at 

is. 11 as there was in sailean More. In 1945 the zoo- 

plankton in biyle Scotnish was again alv;ays richer and 

on many occasions several times richer than that in 

Sailean More until September and at this time, as 

has already been pointed out, large numbers of young 

herrin0 in the loch had Oreatly reduced the density 

of the zooplanlcton. Apparently their predatory 

activities had a greater effect in iiyle Scotnish than 

in Sailean More possibly because more herring had 

been attracted to the fertilized loch. rhe 

population in 1946 v/as very sparse and conditions 

were abnormal but even then, although the population 

in Sailean More was richer than that in .uyle Scotnish 

more often than, it had been in 1944 or 1945, the 

zooplankton in i\yle SEotnish was richer on most of th 

dates of sampling.

VII. GRAZING_EXPERIMENTS.

In the course of the work a number of experiment 

were done in an attempt to assess the effect of the 

grazing of the phytoplankton by the zooplankton.
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The method employed is described on pp. 7 & 8 but 

a note should be added here on the efficiency with 

which the zooplankton was removed by the silk. in rno?:t 

of the experiments the water which had been filtered 

through bolting silk (200 meshes to the inch) was 

examined juider a luvv-power microscope or binocular 

to see whether any zooplankton organisms had passed 

through the silk. On many occasions no organisms 

could be detected but sometimes small nauplii or small 

Rotifers were observed in the filtered water. It is 

obvious that the silk did not remove all the grazers ar 

that, where reference is made to the absence of 

grazing in the succeeding pages, small numbers of 

zooplankton animals may have been present. In such 

cases, "marked reduction of grazing" would be more 

accurate than "absence of grazing".

52£££ZiE£2i_Li_fiQt h_-__2 _61h _May ,1944.

In this experiment a, water sample was taken from 

KII at 3m. and divided into two portions. One was 

placed in a glass bottle without any change, the other 

after it had been filtered through fine bolting silk 

(200 meshes to the inch) to remove the zooplankton. 

The two bottles were hung from a buoy in 3m. depth at 

K(?6. No estimate was made of the zooplsnicton present 

in the sample but the routine zooplankton counts showed 

61.8 animals per litre at KII on Lay 20th. The phyto- 

plankton counts are O iven in Table 24-. The total 

population in the initial count was 326 cells per ml.
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In the filtered water. In both there was a decline 

of the same magnitude and no conclusion can be dram 

as to the effect of grazing.

Experiment II; 9th - 22nd_June, 1944.

Again water was taken from KII at 3m. and put 

out in 2 sets of bottles in 2m. depth at KG6. In 

this experiment the bottles were duplicated to provide 

an extra check on the results. The zoo-plankton coun 

of June 13th gave an estimate of 116 animals per litr 

at KII. The results are given in Table 25. The i'l 

initial counts were 558 cells per ml. and 540 cells 

per ml. in the unfiltered and filtered water respect 

ively. In the unfiltered water the two bottles agree 

very closely in the final counts totalling 79 cells 

per nil. and 81 celJs per ml. respectively. ~put the 

two bottles of filtered water showed, widely different 

counts, one containing a total phytoplankton of 233 

cells , the other 312 cells per ml. This may h~ave 

been due to uneven distribution of the zooplankton 

but while Chaetoceros was the dominant diatom in the 

first of these two bottles, as it was in the initial 

sample, in the second bottle it had been replaced 

entirely by a minute form of Nitzschia. Since this 

Nitzschia was very much smaller in size than the 

Chaetoceros, the bulk of organic matter present as 

diatoms in the two bottles was approximately equal. 

Hence, for purposes of comparison with the other count;



45.

the first of these two, i.e. 238 cells per ml. will 

be used.

In both the unfiltered and the filtered bottles 

the amount of phytoplankton present was much reduced 

but there was about- three times as much phytoplankton 

left in the bottles from which the zooplanktnn had 

been removed as there was in those from which it had 

not. This may be taken as an indication of the effect 

of grazing of the zooplankton on the phytoplankton.

Experiment III:_16th August, 1944.

In the 3rd experiment, five pairs of bottles, 

filtered and unfiltered, were made up and put out at 

KG6 in 1m. depth and one pair taken UP each day and 

analysed. The initial samples were taken on the 16th 

and the first pair of bottles taken up on the 18th. 

The results are found in Table 26. An estimate of 

the zooplankton in the initial sample of water gave 

a total of 27-42- animals per litre, made up as follows:-

Adult Gopepods 22 per litre
Copepods 65^ "
Nauplii 155 "
Podon 1 "
Gastropod Larvae 22 "
Larnellibranch Larvae 8 "
Polychaete Larvae 1 "

This population is very similar to that found in 

t&e routine zooplankton samples.

In the unfiltered bottles, the phytoplankton 

showed a rapid increase from 45.5 cells per ml. on 

the 16th to 248 cells per ml. on the 18th and 544
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cells per ml. on the 19th. On 20th August it fell 

254 cells but rose very rapidly on the 21st and 25th 

to 2915 cells and 57,300 cells respectively. These 

large increases were due almost entirely to the 

flowering of a minute species of pennate diatom. 

They were probably caused by abnormal conditions 

Inside the bottle and will not be discussed further. 

In the filtered bottle, where the zooplanlcton was 

not grazing on the phytoplankton, the initial increase 

was much more rapid. The total population was 681 

cells per ml. on the 15th of August; about the same 

on the 19th, and 771 cells per ml. on the 20th. On 

the 21st there was a dense flowering of the same 

minute pennate diatom which occurred in the unfiltered 

bottle. |a,-flagellates, too, increase! from 760 per 

cubic millimetre on the 16th to 1465 on the 18th, whil 

in the unfiltered water they decreased to 340 per 

cubic millimetre. Owing to the abnormal increase 

of the pennate diatom, little reliance can be laid 

on the data obtained. All that may be safely con 

cluded is that in the filtered bottle there had been 

a more rapid and distinct increase of the phytoplanktor

i £Bi_IZ-L _ 22nd - 31st January, 1945

In this experiment (Table 27) three series of 

bottles were made up:- the first series (a) contained 

unfiltered water from K yle Scotnish L'arrows (2m. 

epth) the second (b) the same water, filtered through
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a fine bolting silk to remove the grazers, and the 

third (c) filtered through Whatman No. 50 filter- 

paper to remove all the phytoplankton except the namn 

plankton flagellates. In all these series the 

bottles were duplicated, one series containing added 

nutrients, the other none. On the 22nd of January 

there were present in the water between 200 and 300 

(i-flagellates per cubic millimetre and 14.8 larger pa 

phytoplankton organisms per ml. in the unfiltered 

water and &8 cells per ixhli"e in the filtered water 

(b). The difference between the filtered and 

unfiltered water was thus larger than in previous 

experiments. The bottles were suspended in the 

Narrows at 1m. depth for nine days and their contents 

analysed. The number of u.-flagellates had decreased 

to less than 100 per cubic Millimetre in all the 

bottles except those in which all the other phyto 

plankton and the zooplankton had Ire en removed (c). 

There were 1,000 u.-flagellates per cubic millimetre 

in the fertilized water and 840 per cubic millimetre 

in the unfertilized water - figures which are not 

significantly different.

The number of the larger phytoplankton organisms 

increased in all the bottles. In the unfiltered, 

fertilized water, where the initial population 

density had been 14.8 cells per ml. this increased 

to 145.6 cells per ml. an increase of roughly ten 

times, and in the unfertilized water to 115.7 cells

t>



per ml. , an increase of eight times the initial 

figure. in the filtered water (b) the initial 

population was 8.8 cells per ml. and increased to 

89.5 cells per ml. in the fertilized water,"again an 

increase of roughly ten times, and in the unfertilizec 

water to 35 cells per ml., an increase of four times. 

Grazing seems to have been having little effect on 

the phytoplankton; the number of zooplankton animals 

in Kyle Scotnish at the time was very small.

Experiment V; 10th - 15th ivay. 1946.

In this experiment another attempt was made to 

assess the effects of fertilizers as well as of 

grazing. "water was talc en from Xyle Scotnish, in 

which fertilizers had been distributed on Ye.y 3th 

and from Sailean llore, and divided into two Staples, 

one of whicn was put in bottles as it was, the ot:-er 

filtered tnrou0 .i fine bolting sil^c (-Table 28). The 

initial phytoplankton populations in the Scotnish 

water were 447 cells per ml. in the uni'iltered water 

and 415 cells per ml. in the filtered v/ater. In 

the Sailean Lore sample 337 celts xjer ml. were present 

in the unfiltered water and 354 cells per ml. in the. 

filtered water. Toe number of zooplanktdn animpls on 

May 20th was 20. 4 per litre at .II and 6.4 per litre 

in Sailean MO re. T_he bottles were put out at 2m. 

depth on May 10th and taken in on i. ay 15th. '.'/hen 

they were taken in, the unfiltered wa-te: fro.: ;.yle



Scotnish contained 28,235 phytoplankton cells per ml. 

and the filtered, 70,518 cells. In Sailean More 

the two bottles of unfiltered and filtered water 

contained 45,552 cells per ml. and 57,377 cells per 

ml. respectively.

In the two bottles of filtered water and in the 

unfiltered water from SaiHe an More, the increases 

recorded here represent the production of roughly 

7£ generations in 120 hours, a reproduction rate of 

1 division in every 16 hours which agrees well enough 

with previous estimates. (Harvey et al. 1935). If 

the phytoplankton in the bottle of unfiltered water 

from ilyle Scotnish reproduced at approximately the 

s^me rate, as it is reasonable to suppose that they 

did, then the big difference between t he phytoplanktor 

in the filtered and in the unfiltered water must have 

been the effect of the grazing of the zooplankton. 

The difference can be accounted for by assuming that 10 

of each generation of the phytoplankton was removed 

by grazing. The difference between the v/ater from 

Kyle Scotnish and that from Sailean More in the bottle 

of unfiltered water was probably due to the fact that 

the zooplankton population at KI was 20.4 animals per 

Litre, roughly three times greater t".;an that in Sailean 

ore.
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VIII. DISCUSSION.

a )   The Efl'ect of_JFertilizers_gn the Plankton.

From the date, which have been presented, in the 

preceeding pages, it is clear that the distribution 

ol' fertilizers had a beneficial effect on the phyto- 

plankton, and at least on some occasions caused it 

to increase in density. The clearest examples of 

this effect were recorded in I'.d.y 1944 (Table 8) and 

October 1945 (Table 13). On both these occasions 

there was a Iar0e and rapid, increase in the number of 

phytoplankton organisms, unaccompanied by any corn- 

parable increase in the phytoplanlton of Sailean Lore. 

3im.ilar, but less well defined responses were recorded 

on several occasions, for example Earch ejid October 

in 1944, May and November in 1945 and I.;ay, June and 

July in 1946.

These results differ from those obtained in Loch 

Craiglin (Gross, Marshall, Orr and Raymont, 1943), in 

that no response of the larger phytoplankton organisms 

was recorded, in the winter months (December, January 

or February). This may have been due to the small 

depth of Loch Craigjin end to trie fact that the marked 

stratification of the water in Loch Craiglin, caused

differences in salinity, prevented any extensive 

ievelopment of vertical mixing, so that the phytoplankt 

Ln the upper layer remained in a zone of adequate 

Illumination and were able to continue active

n
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photosynthesis and to multiply. In Kyle Scotnish, on 

the other hand, vertical mixing rapidly carried the 

plant cells out of the lighted zone and prevented the 

development of any dense phytoplankton during the 

winter months. This lack of response of the phyto- 

plankton to the distribution of fertilizers in winter 

was not unexpected and conforms with the generally 

accepted view that it is inadequate illumination, 

[rather than lack of nutrient salts that is responsible 

or the sparseness of the phytoplanicton in winter.

No response to fertilizers, therefore, was 

recorded before the natural spring flowering of the 

iiatoms, which usually occurred at the end of February 

>r in the beginning of March. It is worth noting that 

his was the coldest time of the year when more or less 

extensive ioe sheets were formed in the surface fresh 

water layer. In 1946 at KII, where the layer of ice 

ersisted for several days, the spring flowering began 

under the ice.

(jnce the establishment of vertical stability had 

mads possible the development of a natural spring 

flowering, the phytoplankton was able to respond to the 

distribution of fertilizers by increasing in density,- 

and such responses were recorded at various times 

between the natural spring flowering and the onset of 

 yinter conditions in late October or November. in 

1945 "summer" conditions wrere continued into November, 

ue to the occurrence /4^fin^\calm weather, and arn
3>
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distinct, though small, response was recorded. The 

data obtained in Sailean More show that during spring 

and su^mnier natural flowerings of the phytoplanlcton 

occurred, quite unconnected with the distribution of 

fertilizers. Marshall and Orr (1927) describe 

similar flowerings occurring from time to time during 

the summer in Loch Striven, a rather similar enclosed 

sea, loch. Hiley (1941) describes almost the same 

conditions in the shallov; waters of Long Island Sound. 

Thus it seems that the flowerings which were induced 

by the distribution of fertilizers were closely 

comparable to tiie natural summer flowerings recorded 

elsewhere. These are usually attributed to the 

transport of nutrients from the bottom to the surface 

layers where photosynthesis talces place, due to the 

stirrin0 up of deeper water.

Although responses to the distribution of 

fertilizers were recorded in all seasons except winter, 

there was considerable variation in the extent and 

rate of the responses. T bus in ray 1944, the phyto- 

plankton at iil increased, 4. days after distribution of 

fertilizers, to fifteen times its initial density and 

at i\II to six times the initial density in six days, 

while in August 1944 there was no increase at KI 

and probably no increase at nil. Again, in August 

L945, there was no increase in the phytopl?nkton at IIH 

after the distribution of fertilizers end an increase 

to three times the initial figure at i.I. in October
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1945 there was an increase of 7 times the initial 

population after the distribution of fertilizers. 

It is significant that the bigger increases occurred 

in spring and autumn, when the zooplanlcton was least 

This correlation between the magnitude of the respon; 

and the density of the zooplankton was corroborated 

by the fact that in July 1946, when the zooplankton 

was unusually sparse for the time of the year, a 

fairly marked response occurred, although it was 

summer.

it was also found that the' phytoplankton 

responded more rapidly in spring than it did in 

summer. The increases of fifteen times at j\I and 

five times at KII in E^ay 1944 took place within 4 

days after the distribution of fertilizers while 

the increase to J£ times the initial population 

at h.1 in August 1945 took 7 days and increase of 44 

times in july 1946 took 10 days. The difference 

in the rate of response can hardly be explained as 

an efi'e^ u ^ any known physical or chemical factor. 

The amount of incident light is greater and tem 

peratures are much higher, both factors which should 

increase the rate of response in summer. But one 

factor which was likely to slow down or prevent 

response to fertilizing, and which was more strongly 

developed in late summer than in early summer is the 

grazing on the phytoplankton by the zooplankton. 

That the grazing was a most important factor
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determining the extent and rate of response <bf the 

phytoplankton to the distribution of fertilizers is 

brought out by a comparison of the relative dsnsitie 

of the phytoplankton and zooplankton populations, 

Thus in Iviay 1944, when the phytoplankton responded 

well to the distribution of fertilizers, the density 

of zooplanl-cton population was 34.4 animals per litre 

at KI and 61.8 animals at K II. In Lay 1945, the 

zooplankton was very much richer - '313 animals per 

litre were present at KI and 193 animals at KII on 

the 8th of June - and the response was correspondingly 

smaller and of shorter duration. Again in 

August 1944 whem the zoople,nkton in Kyle Scotnish was 

rich, numbering approximately 200 organisms per litre 

at both stations, there was no apparent response to 

the distribution of fertilizers. But in August 1945 

when the zooplankton density was only 80 animals 

per litre at KI and 99.5 animals at KII, there was a 

much richer phytoplankton and at KI, at least, a clear 

response to the fertilizers.

In March and April 1946, conditions were differe 

from those in spring 1944 or 1945. The spring 

increase began as in the two previous years, at the erd 

of February, when the North Basin was still covered 

with ice. But the density of the phytoplankton v/as 

much greater than in either the two previous years. 

It reached its greatest density on 4th Larch, when 

there were 7,800 cells per ml. at KG 6 and 8,961 cells

J
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at KI. Because of the ice no samples could be taken 

at KII until the 7th when there were 8,075 cells per 

ml. In Sailean More the greatest density of 4,085 -c ,1J 

cells per ml. was also recorded on the 7th of Marcii 

The greatest densities recorded in Kyle Scotnish m$r 

have been a result of the greater fertility of this 

area produced by the distribution of fertilizers in 

1944 and 1945.

Although fertilizers were distributed in the 

South Basin on 5th Karch the density of the phyto- 

plankton population began to decline in Kyle Scotnish 

on the 7th. By the 14th there were only 435 cells 

per ml. present at KII, 191 cells at KG6 and 544 

cells at KI. Fertilizers were again distributed on 

the 15th, this time in the North Basin, but again 

there was no apparent effect and the decline of phyto-- 

plankton continued until on 25th Llarch there were 

between 20 and 30 cells per ml. present at all three 

stations in Kyle Scotnish. The grazing of the 

zooplankton was not responsible for this decrease, no:- 

did it prevent the phytoplankton from responding to the 

distribution of fertilizers because on the 19th of 

March there were only 9 animals per litre in Kyle 

Scotnish and 28.8 per litre in Sailean More. It is 

difficult to suggest any environmental, factor except 

the exhaustion of nutrients as a likely cause of this 

decline. Why, then, had the supply of additional 

nitrate and phosphate no effect in stopping the
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decline? Here we may recall the experience of Riley 

(1943) in his investigations into the growth of cultures 

of Nitzschia. lie suggested in the course of J;he 

spring increase the o^iato.is continue to reproduce 

after the supply of nutrients is exhausted, producing 

cells that are deficient irysome essential elements, 

as they have been shown to do in cultures (.letchurn 

L939 b). As this deficiency reaches a certain limit, 

the rate of photosynthesis and reproduction of the 

diatoms decreaa.es until these activities cease and 

the phytoplanlcton population begins to decrease rapidly. 

}iley calls this physiological state, in which the 

iiatoms have become inactive,"senescence" and has shown 

p hat senescent diatoms are no longer able to benefit 

.mmediately from an increase in the nutrients available, 

'he phytoplankton in Kyle S'cotnish in Larch and April 

'..946 appears to illustrate the conditions described

Riley, and the failure of the'diatoms lo show any 

response to the distribution of fertilizers may be 

ascribed to their physiological condition.

The phytoplanlcton population began to increase 

n April and after fertilizers were distributed on the 

Oth this increase continued. Zut this increase may 

r.ot have represented a response to the distribution 

c f fertilizers because it developed rather slowly and 

because the phytoplanicton increases at the same time 

in Sailean More. However the addjd nutrients did make 

he population denser in Kyle Scotnish than it was in

ft / I, 
/t<«y ,
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Sailean More. This flowering in April was alsof
rather Ion0-lived which suggests that, whatever factor 

usually caused the rapid decline of the phytoplan.Lton 

following an increase due to fertilization, it was 

less effective than it normally was.

( b). T_heImportance of Grazing.

In the foregoing paragraphs it has been suggested 

that the grazing of the zooplankton is a factor of conl 

iderable importance in controlling the response of the 

phytoplam-cton to the distribution of fertilizers. The 

control of phytoplankton populations by the grazing of 

the zooplankton is one of considerable interest and 

further discussion from this point, of view of the data 

collected at Loch Sween may be valuable.

Karvey et al. (1935) concluded from their study 

of the plankton of the English Channel that the 

grazing of the zooplankton was the most important 

factor controlling the. density of the phytoplankton 

population, and Steeman Nielasn (1935) arrived at the 

same conclusion in his studies of conditions in the 

north of Iceland. Fleming (1939) has made a 

mathematical analysis of seasonal changes of plankton 

populat ions, based on the hypothesis that the density 

of the phytoplankton is controlled by the grazing of the

ooplankton. He showed that a bell-shaped growth 

jurve, the generalized form to which the data 1'or nee.rl;
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all flowerings of phytoplankton approximate, can be 

constructed, from two assumptions :-

(1) that the phytoplankton population is 
reproducing at a constant rate.

(2) that the zooplankton population is grazing 
on the phytoplankton at a constantly 
increasing rate.

In his analysis Fleming took as an example the 

data collected by Harvey e_t al. (1935) for the spring- 

increase in the English Channel. Taking as his 

starting point the phytoplankton populations recorded 

by Harvey et al. at the beginnin0 of the increase 

and its maximum point, I? leming calculated the rate 

of reproduction of the phytoplankton and the rate of 

grazing s.nd consttuctec a theoretical curve from these 

data. Trie calculated, rate of reproduction was of 

the same order of magnitude as those calculated form 

other data by Harvey et al., and the resultant curve 

fitted well the Oraph of the observed changes in the 

phytoplankton. An outstandin0 fact emerging from 

this treatment of the data is that a substantial 

invisible portion of the phytoplankton production 

goes into the maintenance of the zooplankton. When c: 

the zooplankton is rich the phytoplankton population 

represents a mere remnant of the real production; 

the rest is bein0 continuously eaten by the zoo- 

plankton.

On the other hand, Riley (1941) has concluded 

from his study of the plankton of Long Island Sound
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and other areas that grazing is of negligible import 

ance in the control of the phytoplankton.in those areas 

and has shown by experimental study of cultures of 

Kitzschia,(Riley 1943) that a curve of almost exactly 

the same form as Fleming's is produced when a culture 

of diatoms grows without grazing. He suggests tha.t 

 fPhe decline of the density of the culture in the
•^s

later part of its existence is due to "senescence" of 

the diatoms, a physiological state which appears to 

be produc ed partly at least by exhaustion of the 

nutrients in the culture medium. Applying these 

results to natural conditions he suggests that the 

dying down of the phytoplankton following the natural 

spring flowering is likewise brought about by 

senescence of the diatom populations.

Marsh8.ll and Orr (1930) have shown that the sprin, 

increase in Loch Striven began to decline some time
^v

before the nutrients were exhaust ed and similar 

conditions applied to the spring increase described 

by Harvey et al., so that, whether senescence is 

regarded as the cause of the decline or not, depletion 

of nutrients does not seem to be its primary cause. 

i&. Further, it must be stressed that even although 

the grazin,^ of the zooplankton may not be the only 

factor controlling the density of the phytoplan.;ton 

population, it is bound to affect its size, because th< 

phytoplankton provides the organic ma/fcerial of vhich 

the zooplankton is formed and from which it derives 

its enei-jjr* In Experiment 5 (p. 48) it was shown-^"
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that the removal of a tenth of the phytoplankton
^ \ 

populat ion in each generation reduced the potential

population of 70,000 cells per ml. to less than 

30,000, and Fleming (1939) draws particular attention 

to this effect of grazing in his distinction betv/een 

population and yield. Since diatoms can reproduce 

at a rate of one division every 16 hours (experiment 

5 p. 48) a phytoplankton population could yield at 

least its own bulk of food every day to a grazing 

population without any reduction of its numbers.

Where it has been possible to follow up the 

increase of the phytoplankton resulting from the 

dist ribution of fertilizers, the growth curve was 

very similar to the natural diatom flowerings occurr 

ing in Loch Sween and elsewhere (Fig.4) It is 

reasonable to suppose that any evidence of the factors 

controllin0 these "artificial" flowerings in Loch 

Sween mi^ht throw Ii0ht on problems of plant ecology.

In the first place, the nutrients were very 

rapidly used up by the phytoplankton. Its increase 

was always accompanied by a marked and fairly rapid 

drop in the concentration of phosphate in the water - 

usually to less than 5mg. ^2^5 P er culj ic metre - 

about a week after fertilization,and Ketchum (1939) 

has shown that the rate of reproduction of TTitzschia 

falls off at a. phosphate concentration of less than 

39-i0 . of P2 0 r per cubic metre. The constant rate 

of reproduction which Fleming assumes does not appear
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probable under conditions in Loch Sween. At the 

same time, the concentration of nutrie nts rarely fell 

to zero, so that lack of nutrients probably never 

brought reproduction of the phytoplankton to a 

complete stop. There is evidence from the results 

obtained in the grazing experiments that enough

nutrients were present in the water to produce, in
/ v

t he absence of grazing, populations of much greater
w

density than normally occurred in the water. It is 

likely, therefore, that although we cannot assume a

constant reproduction in Loch Sween, Fleming's
 o 

hypothesis is not untenable. On the cont rary, it is

likely that the substitution of a slowly decreasing 

reproduction rate in Fleming's analysis would not 

materially affect the she.pe of the curve, except that 

the peak reached might be somewhat less and. the dc-:clin 

might commence ratner sooner. It must be remembered, 

too, that in areas such as Loch Striven,(Larshall and 

Orr, 1930)., and the English Channel (Harvey et al. 

1935) where the sprin0 flowerin0 begins to decline 

while the concentration of nutrients is still 

relatively high, conditions may exist under which 

a. constant rate of reproduction does actually occur.

It is probably easier to discover whether the 

rate of grazin^ is actually increasing, as Fleming 

postulates in his second assumption. vrhile the r?-te 

of grazing is obviously affected b^~ such factors as 

temperature and hydrogen ion concentration, the :r;ost



62.

important factor controlling the rate of grazing is

the density of the zooplankton population and it is

infer that any changes in the density of the

zooplankton are accompanied by corresponding changes

in the rate of Orazing.

Samples of zooplankton were not usually taken 

sufficiently frequently to show whether the density

of the population changed rapidly enough to affect the

course of the flowerings of phytoplankton,but on a
i

few occasions samples were taken at intervals of a

week or less and in some of these cases changes of

considerable magnitude occurred. In May 1944, when

the phytoplankton responded very clearly to the

distribution of fertilizers, zooplankton samples

were taken at KII on-the 2Qth and on thd 24th: the

first sample contained 61.8 organisms per litre and th

second 129.9 organisms per litre. The population
**

doubled its number in four days and it is interesting

note that the doubling of the number applied to each

of the 3 most numerous groups, copepodites, copepod

ii and Rotifers, which together made up nearly 

95$ of the populai ion.
f

On the second occasion when samples were taken at

short intervals in August 1944, there was only a small

increase in the population and, as has already been

oted, there was & similarly little change in the

hytoplankton. In M ay 1945 there occurred several

apid changes in the density of the zooplankton.
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Between the 23rd and the 30th the zooplankton at i\I 

doubled its number, rising from 95 to 1GO animals per 

litre. This change v.'as due almost entirely to an 

increase in the number of copepod nauplii from 27 

to 113.5 ^er litre while all other forms showed no 

change. ay 7th June this population increased to 31 

animals per litre, again almost entirely due to an 

increase in the number of nauplii to 216 per litre, ar 

on 19th June, although the total numbers of copepods 

showed little change, the proportion of copepodites 

and adults increased from about 9jo to 23/y of the 

total copepod population so that there v;as probably 

a considerable increase in the arnCunt of ^razing. 

At KII, the increase was slightly later: betv/een 

the 23rd arid 30th L ay the total numbers remained 

unchanged at just over 100 animals ^er litre, but as 

there v/ere relatively more nauplii and less copepod 

ites present, the amount of grazing probably decrease 

By 7th June a, big increase in the numbers of nauplii 

and of tintinnoids brought the total population to 

193 animals per litre. jjetween the 7th arid the 19th 

the number of nauplii increased from 113.5 to 235 per 

litre and copepodites from 8 to 54-5 per litre. 

Finally, in I>.:ay 1946 the total population at r.II 

increased from 22.8 animals on ray 20th to 62.4 

animals per litre on the 23rd and to 66.0 on the 27th. 

An increa.se in the number of all stages of copepods 

and of rotii'ers accounted for the first increase,
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whereas on the 27th the number of copepods had. de 

creased again and the number of rotifers had increased 

further to maintain the level of the total population. 

'I1 he increases just described appear sufficiently 

large and sufficiently rapid to produce significant 

changes of the phytoplanicton population of the kind 

envisaged by Fleming. on ont occasion, in ray 1944, 

this rise in the density of the zooplankton, and GO 

presumably in the intensity of grazing, coincided with 

a flowering of the phytoplankton and the changes in th 

density of the phytoplanicton population could be accou

for as Fleming sug0 este:., as an effect of the increas 

ing intensity of the grazing.

The conditions in May 1945 offer further evidenc 

The zooplanlcton in Ilyle Scotnish, had been very rich in 

April (Tables 2.1, 22 and 23) but it decreased rapidly 

in the middle of May and on the 23rd there were 95 

animals per litre at i;i and 109 animals at 1III. On 

t he 30th a rapid increase began which continued until 

the 19th of June when theiewere 332.5 animals per litr 

at KI and 417.5 animals at KII. These rapid changes 

in the density of the zooplanicton beg-n just before 

the distribution of fertilizers and continued after- 

w ards.

On May 15th the phytoplaniton at III contained 

23 cells per ml. mainly Perid.inia.ns. Fertilizers 

were distributed on the 17th and on the 21st the 

phytoplanicton had increased to 68 cells per ml. It

ited
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Showed the same density on the 28th and on June 5th 

it increased very sli0htly to 74 cells per ml. Thus, 

after fertilisers were distributed, the phytoplankton 

increased to nearly three times its initial density 

but no further increase took place after the 23rd'when 

a rapid increase of the zooplankton was recorded. 

At the same time, it must be rioted that by the 21st 

the concentration of phosphate had fallen to less thah 

5 nig. per cubic metre so that the rate of reproduction 

of the phytoplankton may have declined.

At KI1 the phytoplankton had a density of 64 cell 

per ml. on Lay 15th. After fertilizers were dist 

ributed on the 17th there v/as an increa.se to 137 cells 

per ml. on the 21st but this decreased again on the 

28th to 55 cells per ml. and to 45 on 5th June. Again 

the phytoplankton had shown a small increase after the 

distribution of fertilizers which, however, was not 

maintained after the 21st but fell awsy on the 28th. 

In this case the increa.se in the zooplankton ras not 

recorded until 7th June. This seems to suggest that 

an increase in grazing was not responsible for the 

decline of the phytoplankton unless the zooplankton 

was more intensively grazed upon by Aurelia so that 

the increase was obscured by its rapid removal.

Tbe evidence provided by these observations is 

not conclusive but in three of the experiments 

describes on pp. 42 - 49 there was clear evidence 

that grazing had a significant effect on quantitative 

changes in the phytoplankton; in two there was no
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evidence that grazing was of importance. The lack of 

g razing in the i'irst of these two experiments, 

Experiment I, May 1944 (Table 24) is difficult to 

explain, but in the second, (Experiment 4, January 

1945, Table 27), the zooplankton in the jar was 

probably so sparse that it did not have a si0nifleant 

effect on the changes of the phytoplankton population. 

In Experiment II, set up in June 1944, about three 

times as many phytoplankton organisms were produced 

in the water from which the grazers had been removed 

as in the initial sample in which grazing had taken 

place. A similar result was recorded in the last 

experiment, iVay 1946 (Experiment V, Table 28), when 

the phytoplankton in the jar containing filtered rater 

reached a total of 70,518 cells per ml., while in 

the bottles containing unfiltered water it reached 

only 28,235 cells per ml. It has already been shown 

t hf .t this difference can be accounted for by as sum- 

in., that the zooplankton removed 10£ of each 

generation of the phytoplankton.

The results of Experiment 111 (Table 26) are less 

easy to interpret. In the bottles of filtered water, 

the phytoplankton increased rapidly to 6S1 cells per 

ml. on August 18th, two days after the experiment 

ste.rted. The density was about the same on the 19th 

and slightly higher, 771 cells per ml., on the 20th. 

On the 21st a very dense population of a minute pennate 

diatom was noted. In the bottles in which grazing
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was taking place the increase was slower reaching 

2 48 cells per ml. on the 18th and 544 on the 19th. 

On the 20th the density of the phytoplankton decreased 

t o 254 cells per ml. and on the 21st there began the 

intense flowering of the minute pennate diatom which 

occurred also in the bottles of filtered water. Thes 

observations may perhaps be interpreted as follows.

At the beginning of the experiment, the phytoplankt 

in both series of jars increased in density. This 

increase was slower in the bottles of unfiltered water 

because the zooplanicton was continually removing part 

of the phytoplankton population. On the third day 

of the experiment, conditions in the bottles of 

filtered water were such that the reproduction of the 

phytoplankton was considerably retarded and little 

further increase took place, but in.the unfiltered 

water the changes were slower and rapid reproduction 

of the phytoplankton continued. On the fourth day th 

rate of reproduction in the unfiltered water declined 

because of the grazing of the zooplankton, the phyto 

plankton populat ion decreased, to less than half its 

previous density. The results of this experiment 

recall one of Riley's experiments (1943) in which he 

removed a portion of a culture every 2 or 3 days as it 

developed. He found that the density of this culture 

increasec. slightly more slowly, that the greatest 

dansity was almost as great as that of the control 

culture and that the ultimate decline began a little

n

nd,
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earlier. in experiments of this kind it is very 

unlikely that the zooplankton would increase in density, 

so that Fleming's theoretical conditions are almost 

impossible to reproduce.

From this discussion it seems clear that the 

g razing of the zooplankton was a significant factor 

in the control of the density of the phytoplankton 

in Kyle Scotnish, contrary to Riley's suggestion that 

phytoplankton populations are controlled by their 

physical and chemical environment and by physiological 

changes of the phytoplankton organisms themselves. 

On the other hand, it is also evident that grazing is 

not the only factor in this control because it can 

only operate on the products of the reproduction of the 

phytoplankton and the rate of reproduction is 

determined by environmental factors, and perhaps by 

the physiological changes in the diatoms themselves. 

This last point is well brought out by the conditions 

in March and April 1946, when grazing does not seem 

to have played more than a very minor part in the 

control of the phytoplankton. (p. 39).

Although an assessment of the productivity of a, 

sea area, to be complete, would have to include all 

he ^roducers and consumers, because of the complex 

iynamic relationships which exist between the phyto-
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plankton and the zooplankton and between the plankton 

and other marine communities, such as the bottom faun 

and the fish population, it may be of interest to 

attempt an estimate of the magnitude of ihe effect 

that fertilizers had on the plankton of Kyle Scotnish.

Little can be gained by a comparison of the 

p hytoplankton populations for several reasons. In 

the first place the density of the phytoplankton 

varies over so great a range and the changes are so 

rapid that it is difficult to come to 3,ny reasonable 

mean value for any period. Secondly, Fleming (1939) 

has drawn very important distinctions between (l) the 

phytoplankton population present at a given time; (2) 

the production; (3) the yield and (4) the increment. 

The P_P_EulJ::;ti_p_n is a measure of the number of individuals 

present per unit volume and it is the momentary 

balance between the factors producing an increase in 

the numbers, the chief of which is the rate of 

reproduction of these individuals, and the factors 

which lead to a diminution of these number^,: one of 

which is grazing of the zooplankton. The ££oduc_tio_n 

is the number of individuals per untt volume produced 

by reproduction in a given time. The yjjsl_d is that 

fraction of the production which is removed in unit 

time by factors reducing the population. The

is tiia "t fraction of the production which

is not removed and so is the observable difference 

between the population recorded on any two succeeding
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occasions. There is not necessarily any direct 

relationship between production and increment; 

therefore, since the study of the changes in a 

natural phytoplankton population is the study of 

increments, it cannot lead to an estimate of 

p roductivity .

The small size of a phytoplankton population 

may be due to one of two causes. (a)« It may 

be the result of a low production, caused by the 

small quantities of nutrients available or by poor
OT by lovj tcuv^af azures

illumination^ (b). It may represent only the 

remnant of a big0 er production from which a large 

yield has been removed by grazing. The small 

phytoplankton populations which are found in winter 

in most areas are the result of low production: 

low temperatures and lack of light prevent the 

development of a larger crop. On the other hand, 

where a. small population is found in summer the 

production may be large but the grazing of the

zooplankton reduced the population to a fraction of 

the true production.

Consideration of the zooplankton population 

offers a better opportunity of assessing the relative 

productivity, because the density of the population 

is much more stable and the range of variation is 

much less than that of a phytoplankton population. 

But the distinction between population, increment and 

production must still be borne in mind. On the
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other hand, it is probable that the rate at which 

the zooplankton is removed by ^redators will change 

more slowly than the rate of removal of the phyto- 

plankton by grazing and other factors and in corn- 

parin0 two closely similar, areas such as Kyle Scotnish 

and Sailean More it is reasonable to suppose that the 

rate of removal would be of a similar order of 

magnitude so that a comparison of the productivity 

of the two areas may be justified. It was noted 

in the introduction (p. 2) tlmt preliminary 

investigations of the plankton of Kyle Scotnish and 

Sailean More did. not show any differences in the 

two areas, so that any large differences observed 

during the experiment may be fa,irly attributed to the 

effects of the fertilizers.

In the first place, a comparison can be made of 

the average density of the zooplankton populations at 

the three sampling stations for each year of the 

experiment. In 1944 the average zooplankton 

population was 66.4 animals per litre in Sailean Lore, 

104.5 per litre at Id and 173.9 per litre at Idl. 

That is the population at id was If times, and that 

at KII was 24, times, as dense as that in Sailean Lore. 

In 1945 the average populations were 54.8 animals per 

litre in Sailean More, 102.3 at id and 1Q3 at Idl, 

those in Kyle Scotnish being twice that in Sailean Tore 

It has already been shown that between July and October 

944 the zooplankton population at KI averaged 1^ times
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and that at KH 2£ times the population in Sailean 

More which agrees with the estimate for the whole year!. 

In a study of the zooplankton in 1945 two periods 

may be distinguished; the part extending up to July, 

in which except for the temporary ravages of Aurelia 

the zooplankton was not heavily grazed, and the rest 

of the year in which the young herring were feeding 

on the zooplankton. During the first period the 

average populations were 74.9 animals per litre in 

Sailean More, 156.5, or just over twice as much, at 

KI, and 211.9 per litre, or nearly three times as much 

as in Sailean More, at KII. These figures sug0est 

that there were rather greater differences between 

Kyle Scotnish and .. , Sailean Lore in 1945 than in 

1944 but agree well with the other estimates. After 

August, when the herring were f-eeding on the zoo- 

pi atokt on, the average populations dropped, considerably 

to 31.7 animals per litre in Sailean H'ore, 40.1 per 

litre at KI and 47.2 per litre at KII. It is 

immediately obvious that the decline in Kyle Scotnish 

was relatively much greater than it was in Sailean 

More sotter the differences between the two areas became 

less. The figures for 1945 show how an estimate of 

the productivity based on a population which is grazed 

upon is liable to be misleading, because,at least for 

a time, the zooplankton production, i.e. the number 

of zooplankton animals actually produced, was probably 

lot much less than it had been in June and July but
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t^he rate of removal was very much gf'eater, with the 

result that the population was reduced to about a 

quarter or a fifth oi' what it had been in July.

In 1946 conditions were somewhat different and 

the zoopls,nkton was much sparser but even so the 

average densities of the zooplanlcton population were 

1£ times at KI and at KII twice as great as those in 

Sailean More. Therefore, in so far as it is i^ 

possible to assess productivity from a study of 

zooplanlvton populations, these figures all suggest 

that, as a result of the application of fertilizers, 

the productivity of Kyle Scotnish in terms of zoo- 

planicton was roughly doubled.
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IX. SUMMARY.

(1). The phytoplankton in Kyle Scotnish and Sailean 

More, two parallel arms of Loch Sween, was 

studied and the seasonal variations 

described.

(2) Artificial fertilizers were distributed in Kyle 

Scotnish and their effects on the phytopalnktc 

were followed up. It was found that on some 

occasions the phytoplankton increased rapidly 

after the distribution of fertilizers but that 

on other occasions there was no apparent 

response.

("5) The zooplankton populations in Kyle Scotnish 

arid Sailean More were studied and the 

seasonal variations described.

(4) It was found that after fertilizers had been

distributee', the zooplankton in Lyle Scotnish 

became considerably richer than that in 

Sailean More and its density remained higher 

until it was reduced in September 1945 by the 

feeding of young herring. aven so the 

average density 'in ,_yle Scotnish was twice 

that in Sailean More.

(5) Experiments were done to determine the effect 

upon the phytoplankton of the grazing of the 

zooplankton. It appears that the zooplank to 

removed a large portion of the phytoplankton
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by grazing and that the apparent lack of 

response of the phytoplankton to the 

distribution of fertilizers was at least 

on some occasions due to the effects of

(6). It was shown that the productivity of Kyle

Scotnish, in terms of plankton, has been 

doubled by the distribution of fertilizer
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XI_.__TABLES.

a. Tables 1-6. 

Note:- " above a date in Tables 3, 4, 5 and 6

indicates that counts made on the succeeding 

days are ^iven in one oi' the subsequent tables.

In all the tables phytoplankton densities 

are expressed in cells per millilitre.



TABLE

DISTRIBUTION OP FERTILIZERS

r,..« ———— ————x.™-.*...,-.-.. ^L ... .... . . . „_.,,,„.» r**.!-——— !«». "" " —"• — -T --- -- - ... -..--..— 4-

Date | Place l Quantity of Quantity of 
i Sodium Nitrate Superphosphate

1 944

January
February
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: AUgUP t
September
October
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December1 ——————— 

j '945

February
April
May 

. June
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6
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1 N.B. 33 | 12

11 i N.B. | 10 3
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T "-.- T
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3£
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10 N.B. ' 10 3
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31 j, S.B. j 20

12 I
12
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" **""* "** j
{

12
12

3
I rt

^

12
12
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TABLE 2.

LIST OF SPECIES OF DIATOMS AND DINOFLAGELLATES

identified 

in Loch Sween.

A. DIATOMS

Thalassiosira Nordenskioldii
T. decipiens
T. bioculata
Skeletonema costatium
Leptocylindrue danicus
Rhizosolena sp.
R. setigera
Chaetoceros danicus
C. teres
G. affinis
G fragilis?
C. didymus
C. debilis

G. simplex 
Ditilium Brightwelli 
Eucampia zodiacus 
Thalassiothrix Nitzachioides 
Grammatophora serpentlna 
Lycmophora Lyngbyei 
Navicula spp. 
G-yrosigma sp. 
Amphiprora hyperborea 
Nitzschia closterium 
N. serlata

B. DINOFLAGELLATES

Prorocentrum micans
Dinophysis sp.
Phalacroma spp
Peridinium triquetra
P. cerasua
P. pallidus
P. roseus
P. depressus
Proroceratium peridinioides
Goniaulax sp.
Minuscula bines
Ceratium tripos
C. fusus
C. furca
C. lineatum
Gymnodlnium sp.
Gyrodinium sp.
Cochlodiniuin sp.



TABLE 3
TABLE 3

Diatoms & Dinoflagellates at S.M. (cells per ml.)

1944

Skeletonema

Thalassiosira

Chaetoceros

Leptocylindrus

Other Centric Forms

Thalassiothrix

Nitzschia

Other Pennate Forms

TOTAL DIATOMS

Prorocentrum

Dinophysis

Peridinians

Minuscula

Gymnodlnians

Geratium

Other Dinoflagellates

TOTAL DINOFLAG3LLATSS

Silicoflagellates

M

2/3 7/3 13/3 3/4 15/4

1m. 5m. 3m. 1m. ,5m. 1m. 1m.

7.6 9.6 11.3 23 16 9

24,8 25.4 80.9 39 73

11.1 25-7 93.4 59 49 15

25

1.9 2.7 3.3 2

1.6 - -

4.9 4.1 11.9 62 124 12

0.2 0.2 0.1

50.5 69.5 200-9 135 267 36 25

1

Diatoms & Dinoflagellates at S.M. (cells per ml .)
' " n u

-J 8/4 :'' 1. 4//5 1 V-Ll21 /6 . to/7 20/7 1 31/7 10/9 18/10 25/10 13/1 1
59, 1m.

7 - 704 436 168
------- 5

• - 21 59 40 4 g 7 . _

321 67 4 - 17 . . - . .

434-52-- 6 31

38 6 7 - - 13 3 -

2 3 7 - 1 12 15 2 1

4 ~ - 1 .

325 70 31 107 79 13 7 20 743 494 175

'--126-118 6-

2 1

0.7 0.8 1.1 2 2 6 1 ' 9 . 7 12 452 8 7 2

------

......

1

—— -

0.7 0.8 1.1 2 2 7 2

0.1

-------- . .

- - 4 - 56 14 14

6 3 2 1 13 28 56

------- _ - .

? - M 17 21 6 H 1? 1QO 32 22

"-.-""*- - -

Halosphaera
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• 1946 

11 3/2 -28/2 4/3 3/3 > 11/3

21 1195 2362 3358 540
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T A B L E 4 

Diatoms & Dinoflagellates at KI (cells per ml.)

1944 -28/2 • ;•/;; 2/3- - - 6/3 -13/3"
it * $ 

1m. 1m. 5m. lom. 15m. 5m. 1m.

Stele tonema 5.8 2.3 5.1 4.4 - 3.0 11 

Thalassiosira 4.5 11.1 15.4 12.2 3.4 71.1 26 

Ckaetoceros 27.0 30.4 38.5 27.3 5.3 97.0 143 

Leptocylindrus ------ 

Other Centric Forms 2.3 4.1 3«5 1.3 0.6 0.8 1 

Thalassiothrix 1.0 0.2 0.4 - 

HltzBOhla 2.t 0.3 1 - 7 l ' 6 °' 4 ^'^ 5 

Other Pennate Forms 0.1 0.7 0.8 - 0.5 0.4

TOTAL DIATOMS 40.5 45. 0 61.9 46.0 to. 7 180.5 186

Prorocentrum _.____- 

Dinophysis - - - - - 0.2 - 

Peridinians - - - - - 843 

Minuscula ______ 

G-ymnodlnians ------
l

Ceratium - - - - - 02-
J

Other Dinoflagellates ------ ,>— * ... ..... _.-__....-.--... —..... ._ . . . . . ..... ...._. — ._..... . . - • • «' i
TOTAL DIHOFLAG-ELLATES 0.8 1.1 2.1 2.4 - 8.<3 3

Sllicoflagellates ------ r,
«

Oik>ON4^, <x dLo*\€- v«x. c^*-*— *a-^S "Mjucxi/ Ccsorv'tTS VC^* tire, O°*- Av-fl— feO'^&^ccV.V.1'^

i

_ __.._.!- ABLE 4

Diatoms & Dinoflagellates at KI (cells per ml.) 
tt « 

, 13/3 / 3/4 15/4 18/4 4/5 11/5 21/610/7 20/7

5m. lOm. 15m. 1ni« 1 m » 5ni. 1 m »
i

6 24 13 8 11 - 4
: -

49 234 33 - ' - - - 
60 305 303 ' - - - - 13 7 2 - 

1 319 126 15 21

68 - -3--- 4 - 
4 . .--- 6 - -

Q 5658--2--1-

123 573 418 66 12 322 128 32 34 7

_ _ ----334- 

7 92 44 11 -1592,

- - - 3 - - * 

1 - t 12

T

Diatoms A Dinoglagel
II !'

.31/7 L 1/9 i 11/9 , 16/10 13/1

3 644 

i * 3 7

1 4 3
17 

229

1 4 12 680

1'3 4 7 

6 1 2 6

4 59 i5 8 
7174

4 -

7924 5 H 1 9 14 * . 18 64 28 25

- - - 1 1

98

25 
1

1

3

128

1

7

23 

3 
4

33

A B L E 4

lates at KI (cells per ml.) 
« 1945 " 

1.18/12.H/5 , 6/3 8/3 13/8 13/11

2.8 - - - - 69 

1.9 2 

0.2 - - 3

1 15 1

0.4 - - - . - 7 

0.2 0.2 3 3 

0.2 0.7 -

5.5 1.1 4 15 85

0.4 0.7 80 111 400 14 

1 1 

0.3 20.7 2119

2.0 - 11 13 12 23 

0.2 - 11- 1

o;5

3.4 21.4 94 127 414 47

0.1 -

TABLE 4

Diatoms & Dinoflagellates at KI (cells per ml.) 
1946 

J-1P/12! 8/2 ,28/2 , 4/3 . 8/3 j 11/3 14/3:18/3 ,21/3 25/3 29/3

13 9 1029 6964 5913 353 164 34 20 9 6 

191 694 767 33 106 

2 1 117 372 110 212 29 10 1 

. • " . - - 11 - 1 
--722-7-- 1 -1

1 1 175 712 1205 157 80 3 - 
-3----7-t

16 14 1519 3764 7995 783 336 48 23 10 6 ,

6-7----3- - 1 
1 . . _ - ....

2 2 22 157 36 15 40 9 6 6 13

32 18 51 40 145 51 138 8 79 20 
"1.7....... - 1

42 20 37 197 181 70 173 20 13 15 40

• • .i

T A B L, E 4 
PHYTOPLANKTON AT KI.

ti tt it
9/4 7/5 ,20/5 • 24/5 . 13/6 9/7

14 243 - 4 - 13

i

33 - - - 2 

20 4 26 2$ 
' 6 - - - 

- - - - 13 

2 24 1 4-5 
1-1-1

22 326 5 35 25 34
i

7 6 25 34

8 36 11 15 18 19 

11 10 18 7 4

25 42 9 51 16 21 

1

- 3 9 7 1 2

34 99 45 95 77 46



TABLE 5 

Diatoms & Dinoflagellates at KG-6 (cells per ml.)

TABLE 5 

Diatoms & Dinoflagellates at KC-6.

1946

Skeletonema

Thalassiosira

Ghaetoceros

Leptocylindrus

Other Centric Forms

Thalassiothrix

Nitzschia

Other Pennate Forms

TOTAL DIATOMS

Prorocentruin

Dinophysia

Peridinians

Minuscula

G-yianodinians

Geratium

Other Dinoflagellates

TOTAL DINOFLAGELLATES 

Silicoflagellates

8/3 11/3 14/6 18/3 , 2 1/3 ,25/3 '29/3 - 3/4 9/4 , 7/5 ,13/6 , 9/7

2 2380 

240

11 657

218

13 3495

3 7

4 102 

15

7 124

-

6530 
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7705

4
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-
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-
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Diatoms & Dinof 

1944

Skeletonema 

Thalassiosira 

Chaetoceros 

Leptocylindrus 

Other Centric Forms 

Thalassiothrix 

Nitzschia 

Other Fennate Forms

TOTAL DIATOMS

Prorocentrum 

Dinophysis 

Peridinians 

Orymnodinians 

Ceratium 

Minuscula 

Other Dinoflagellates

TOTAL DINOFLAGELLATES

Silicoflagellates 

Halosphaera

TABLE 6 

•lagellates at KII (cells per ml. )

2/3 - 2/3 - 6/3 • 13/3" 3/4
1m. 5m. T 1m. 5m. 1m. 5m. 1m. 

2.5 0.9 1.8 10.2 10 8 15 

13.0 7.9 12.0 112.3 11 71 

53.0 43,5 44.3 135.8 164 100

3.0 3.3 0.8 5.5 1 2

1.2 4.1 0.5 5.1 1 12 27 

0.2 O.t 0.1 0.2 -

72.9 60.1 59.5 269.1 187 193 42
— - --. .-. - - - — - - -• . . • — - - ;

0.1 0.1 - - 1 

9,7 12.1 2.9 4.9 13 13 7

^ Ml «• ^

2-4 

1

9.7 12.1 3-0 7.4 13 14 8

0.1 0.3 - '

.— "•** "*
" oJbovse. c*. dvoJffi. \^.lv.ate* rtvjxV Coo^V-Q *VvouAe On. VVa. s,o«K"uXv~^

- . ... TABLE 6

Dinoflagellates & Diatoms at KII (cells per ml.) 
ft " 

15/4,18/4 . 4/5 -11/5"- 21/6. 10/7 • 20/731/7 • 1/9 11/9 16/1P

!. 5 ......... 1023

10 3 

1,7 - - t3 - 1 - 8 2 - 1

5.7 139 248 45 24 
4

4 - - - - 36 

- -13-1-1-7

8.9 139 248 59 31 1 " 8 3 1074
; • ......-..;-,...._.- =^,-...~-.~..-i——^,~=r ———————————— - ———————————— " .

6 4 6 5 1 8 

2 - 1 

3.9 2 - 1 11 6 9 3 - 7 3 
20 - - 12 88 - 23 

0 .4 _ 1 - 1 1 4 2 1 21 6

0.7----""""""-
. ,......- - . ~ . ..-.-.. — ••-'-•— — " — "

S 0 2 1 1

ii 
I 
i

ii

TABLE 6

Diatoms ffi Dlnoflagellates at KII

11 " 194^ "
13/11-18/12.21/1214/5 • 6/8 8/8 .-13/8-8/10

110 4 4.7 . - - 518 

13 1 0.5 1 - - - 8

-: * A - 25

. . - 2 - - - 

1 20 26 24 1

1 .."-•- - 4 

2 1 1 1 1 30 

0.3 4 - - - 1

126 7 5.5 8 20 27 25 587

4 - 1.5 1 255 225 243 49 

2 1

8 .1 0.3 55 - - 11 

50 4 2.4 - 33 42 29 12 

10 1 0.7 4 3 2 1

2 - - - - --

74 6 4.9 56 297 272 280 73

0.3 - - -

(cells per ml. ) 
„ 1946

-13/11 13/2.8/3 .11/3

139 10 8030 303 

7 - 475 86 

6 55 146 248

7 
1 .- . .

4 - 1168 226

157 65 9819 870

6 -

9 3 73 29 

Q 2 183 51 

1 - - ' 4

It

24 •- ; 5 256 95

56

; ! 

TABLE 6

Diatoms & Dinoflagellates at KII (cells per ml . ) 
ii ti ,| 

-,.-• 1 4/3 .,13/3^21/2:, 25/3 '29/3 3/4 -9/4 -7/5 - 20/5 •* 13/6 JJo/6- 9/7

55 23 3.2 3 5 18 157 9 - 

55 - 0,3 - 1 - 2 

161 1 0.4 11 - 64 4 4 12 

11 - - .7 8 23 75 - 

- 0.3 - 1 2 - - 

-- - -- --52 10 

73 10. 91- 1 2 18 1- 4 - 

18 - 0.2 1 - .7 12

373 25 5.3 5 6 3 22 247 13 43 146 12

4 1 13 3 7 19 34 168 58 1

33 1
7 20 3.1 9 25 9 58 25 31 79 18 60 

51 11 2.9 7 15 39 80 47 40 53 24 28 
--- 1 - - 11 -. .1

18 36 12 49 

1 - 12 5 41
. -... ....- ......._.... .. -. _._.. ............... ... J .._. _ ... ............. _.... ..„_. _ .... ... .._.._ ... ...

62 32 6.0 18 44 51 146 110 156 320 109 100

--- -- - -- --



b. Tables 7-19.



TABLE 7

AND pINOPLAaELLATES. March 1Q44

Fertlllzere Distributed 14/3/44

1 '?th ___
Kl |1a.

( _ .,

Skeletoned 11
ThalaaslOBlra < 26
Chaetoceroe si 43
Other Centric Forme? 1
Thalaeslothrlx
Hltssohla

TOTAL DIATOM?

DINOFLA3ELLATES
..._.. — .-.- - . . .

KII

Skelotonema
Thalaoploalra

5

186

3

6
49
60
.

123

7

13th

la.

10
11

Chaetooeros '164
Other Centric Porras
Nltzochlat
TOTAL DIATOMS

DINOFLMELLATES

8.3.

Skeletonema

Chaetooeros 
Other Centric Porrae 
NltZBchla

1
1

187

13

5«

lOa, 1!

24 1
234 i
305 X

6
4
5

573 41

9

16th

5m. 5au

13 4
53 36
)8 < 24

17th

1m.

«,

4
39

$ j 7 12I'-i "7 \ 7

18 78 1 62
r~-.~: ^r^-.^=f=.— ••—

2 14 1 $

13th

3a.

2 1st i 24th

5m,
>i «» •*

. .
52 13
15

84

13

24'

24

42

12
... — ..... .. .. ...

15th 16th 17th

a. 5»

8 2
71 26
100 33

, 2 2
ia 6

193 69

14 23

i 
13th

!

1m.

23 
39
59
2 

62
i j 
TOTAL DIATOMS ^5

DINOFLA&2LLATES 2

5m

16
73 
49

134

267

2

i
S 16th

* 5m. ;

. 5»«

35
1103
23i 11

j

1 180
i! 'o
i

in.

2
1

2
9

96

«•

i

17th 13th

1ai« 3si»

) 4 5 • i » 
93 26 • 19
23 23 63 
4 o 14

26 11 50

150

; 7 (
1 i

74 '146
I

9 i 5
I

I5s>^ 5ffl« 'Om.
• i 

20 il7o! 65
63 i .| -

283 I 6 3
d5 ' 4 ! 1

;

175 1 7| 11

631 »«7i 30

7 10 [ 18

13th 21et 24th
,~. — L.

|

71
-

257

5*.
.
-

29
23 19
31 34

437 32

10 73
. . . '. -

2tit

In, 3o.
IK,,- ,., v. .-' •-- "'-'«*"•• '

37 16 
3 20 
- 12

7 
31
35 
39 
45

56 43 157

92 36 24

^66
I *

! 2
1

,

i 69

5

• \
, 24thf"~ i ~T 

, 5au: 10m.
'• 1 1
f 76 42

m 4*, r

1 2 3

73 47
iL'j '

TOTAL
100



TABLE 3

PIATOM3 AND DIMOFLA3BLLATE3 May 1944

Fertilisers Distributed 12/5/44.

KZ

Leptocyllndrue 

Ohaetooeros 

Sfceletoneaa 

Other Dlatoaa 

TOTAL DIATOMS

11th | 14th"1 
15

0

4

67

ao
9

31 164

DINOFLAdELLATSS 1 i 2

m -i !•;
Leptooyllndrus 45 55

ChaetoceroB 13 1 '3

Skeletonama - 10

| Other Di atoms 1 : 6

TOTAL DIATOMS 59 139
'

DIHOPLAGELLATES 1 1

is.M.
i f
!

Leptooyllndrus

Chaetocoroa

Skeletonetaa

Other Dlatoana

TOTAL

DINOFL

DIATOMS

2

4 H

21

6

31

AGSLL^TSS "'""

9

a
2

24

4

TOTAL DINOHjAffSLL

16th

95

334 

14

451

7

155

139

7

13

319

3

26

38

*

_!!—
135

2

—— „_ —— -- — -

isth
34 

71

10

115

14

73

247

15

-

340

20th 22nd"""• — -4- - •- 
9

102 106
i

3 19

114
U. ™~—— «,.« —— ,.,

4

I

26

196

-

125

12

1

123

H 5
...

:

.

233 133 {

I r 1
»0

9

15

-

23

47

6

i
—— }r-

3

6

7

*

9 '

ii
l- 1

4 :
i

18 7

51

5

100

11

6

32
i - —— • ——

— • — ••



DIATOMS AND DIHOPLA3BLLATB8 . Augitet 1944.

Fertilizers Distributed 1/3/44.

KI

Chaetoceros 
Skeletonema

TOTAL DIATOMS

Prorocentrum 
Dlnophysle 
Porldlnlans 
Ceratium
Gy- mod Inline

TOTAL, DI?-IOFLA(_-SLT_ATSS

KIT
Chaetooeros ''• 
Nitzachia

TOTAL DIATOMS

Prorocentrum 
Dlnophyels 
Perldlnlans 
Oeratlua 
G-yanodlnians

TOTAL DINOFLAGJSLLATES

3.M. 
Chaetoceros 
Nltzschla

TOTAL DIATOKS

Prorocentrum 
Dlnonhysis 
Peridiniane 
Ceratium 
G-ynmodinlsns

TOTAL DINOFLA&ELLATES

i;;* = - TOTAL PISOFLA&SU^T
^ , , ......... —— "i — -• --••• — - — *•*- ->— -— •---

3V? 
1

1

1 

4

13

3_i_
jas±t=aiCKi itses

5

2 
12

22

6 
1

;'
~

3rd
4V

5
5

10 
1
r*

5

22
:^=^

3 
1

4

7th ! Uth 

9
*•* 4*

9 1 -

6 ! -
- ! -3 4
7

16 i 24
..„. ....... .....

I 1 * I '
i M i

1 - 80

•

————————— j ———, 13 J 1 ^^!

^J _ L_L.L
1 2 1 1

i 5 ^ 
1 6

i,Tr n

E3 1 KI __— —f"-'"" —

4 | 1

5 ; 2 
4 ; - 

I 22
f t

i 1 e*

i

i
i

>o | 32 |
—• ——— '""



TABLE 10.

PIATO?JB AHP DINOFL.AaSLI.ATg3. October 1944

Fortlllzara Dlotrlbut«3

!l6th
* _ _,. .. ,_I

KI Skel«tonoma
Ohaetooeros
Thp.lsieslosira
Thalasslothrlx
NltzaohiR
Othor Dlato'.as

TOTAL DIATO'iS

PcrWlnlin*
Pro ro centrum 
Csratlum 
Uy-anodlniruB ___ .

644
7

17
9xJ*

ce-o
^
7 
4a

19th [ 25th I
393

6
3
2
3*

412

5
4
3

j 46

347 | '
4 i
1 1 '
^
2
4

)
359 !

3 !
2 ! 
? \ 

23
!~ " "1 " i _ . !

TOTAL DIKOFLAGELLATES ! _ 25_
j

VT 1"£11
Skelefcoriaffla
CU&etooeroB
Tlialaesloslrs 
Tay.iaaaiothrlx
Nlbzaohia

Othdl* DlatOEiB

TOTAL T-IATOMS

perldlniens
prcTocautrura
Ceratiua
CVyaino(llnifi»P
TOTAL DI1TOFLA5ELLATS3
* - — — - _i i -

le:1 3i
3

36
7 
4

-— — — -

1074

! 8
6

__ 23_

40

9, S. S&oietonaiaa
dh-ietoceroe
Thalas^loBira
Thalan^lotUrix
Nlt283hia
Ofciier Dl atone

TOTAL DIATOMS

perldlnlans
profccsitruffl
Ccratiuai 
ayanoflldl»«'
TOTAL PISJOFLAGSLLATS3

53

s?eo
6
*•

4
1

1

30_4
1

319 1
4 i
? <4 ;
3 !

i 

11 i. —————— 4 —————— r
i i

£2*

4
i *

4
19

852 \
I is!3 i

12 j
1___5!J

i 
5? i U4...

JL£ih____
704

~

U
IK.' ^

6

742

a
3

S3
56

j ———— ±
"5th 1

436 ]
•»

2 |
2 S
3 i

404 j
f^
6
5 1

14 (
i — —

"""100 | 32



TABLE

DIATOMS AND DIMOFLASBLLATE3. November...»944

Fertilizers Distribute

El

3kel0ton0ma
fhalasr-loslra 
Thalasslothrlx 
Chastoceros 
Sltzsohla 
Other Dlatoae

j TOTAL DIATOMS
!

Perldinlana 
; Prorooentrua 
Oeratluza
(Jymnodlnlans 

I Other Dlnoriasallfttes

1 TOTAL DINOFLAfJELLATSS

| Slllooflagellates

KII
i '"". " •» ' '"' •

1 SkQletonema 
1 Thalaasloslra 
; Thalasslothrlx 
Chaetocsros 
Nltz«chla 

i Other Diatoms

! TOTAL DIATOMS

; Perldlnlans 1 
i Proroosntrum 
< Geratlum \ 
0-ymnodlnlans \ 
Other Dlnoflagellates ;

! t 
TOTAL DINOPLAG3LLATSS \

SUlooflasellatee

S.M. 1

Slceletonema 1 
Thalassioalra \ 
Thaiaesiothrlx 
Chaetooeros f 
Hitaeohia \ 
Other Diatoas |.

TOTAL DIATOMS )
1 .;

1 Perldlnlans 
Prorooentruni I 
Geratlum \ 
(Jyonodinlffins • 
Other Dinoflag®Hates

\ TOTAL DINOPLAGSLLATSS =
is

1 Sillcofla@0Hat®a ___[
,

13th

9»
25

1 

t

123

7 
1
3

23

33

-

110
»3 

1
*»•

a
7

133

3 
4
10 
50 
2

74

*

168
5
4M* 

«»

1 
1

175

a
«*
6 

14
«•»-

22

«*

14th

38 
3® 
3
•w

4
*»

187

7
«*

2 
12
«»

21

-

92 
41 
6

2
, *»

141

6 
1

12 
16
*•

35
*

150 
6 
3
«*

3 
1

163

2 
1
5 
8
«H»

16

4»

15th

46 
21

«*

1 
t 
\

70

5a
2

i?
*p

26

-

117
42

**

9
5
*»

172

2 
2
6 

50

40

»

172 
4 
1 
1 
4
**

laa
4

i
6
••

11

"

i?th

t 5
29 

5?
i i
!

51

3 
1
2 
9
*»

*5

2

33 
23

•

2
•»

62

1

.6 
42

1

55
1

4»

4M 

•» 

«*•

•»

*

*»

-

*»

"" —— •' — ' ———

24th

29
12

12 
1
«»

54

»
1 
1

21
<MP

i>4

M*

16 
43

i* !
65 !

5

5 I 
26 i

i
* !

40 |

* | 
i

104 !
a
3
4
3 !
•»

122

3
9
*3
SI;

46

1



TABLE 12

DIATOMS AND DIUOFLA33LLAT5S. May. 1945.

Fertilizers Distributed 17/5/45

KII

9. If.

Skeltonezaa

Leptooylindrus 
Other Centric Forms 
Nttzsohla 
Other Pennate Forias

TOTAL DIATOMS

Prorocentrua 
Dlnophyais 
Perldlnlans 
Q-yiunodlnians 
Cerstlum

TOTAL DINOBLA0ELLATES

Skeletonema 
Chaetoceroe
Leptocyllndrus 
Other Centric Forms 
Nltaschla 
Other Penmate Foros

TOTAL DIATOMS

Prorocentrum 
Dlnophysls 
peridlnlans 
dymnodlnlans 
Ceratluai

TOTAL DIHOFLAflBLLATES

Skeletonema 
I Ohaetooeros 
LeptocyllndruB 
Other Centric Porias 
Nltzoohia 
Other Pennate Forme

TOTAL DIATO?43

Prorooentrum 
Dlnophysls 
Peridlnlans 
(Jynnodlnlans 
Oeratium

TOTAL DINOFLAfJELLATES

0,2

0*2 
0.7

1,1
t ———————
s

20 .7

J21.4
\ ———— -

*
2 
1 
1 
4

d
I 

• 55

——— 
56

1

1

52

52

f 21s

i * 

4- *

i 2
} 55 
j 9
i

' 66

t — fOVjl*O t

f 2Bth 5/6

; * . j 3

1 *

! 35n
>: 63

f

J 
i **

| I

1 15 | a
i 10 :: i

;i22

! 3 
9
1
2

15

3
*»

33
«r

36

10
i *
23

• 12
j '
1 
1 46
4^. _,-.,„—. — -r '••'••
) „ 
! 7

2 
1

to

27 
21

54

J— £—
i 18 
i 1
35

; 9

; 65

r

1
i ! ,

,o I
5 | 

|3 1

35

J234 !
i _ i w 
i ^ i

276
4, „. _..,... —— .-

2 

1

34



TABLE O 

DIATOMS AMP PINOFLAQgT.LATES Goto^r.

F«rtlllzer» DlBtrlbuted lQ/lo/45

KII

Kill

r
Skeletoned'
Thai^BalesIra
Chaetooeros
Oth«r Centric Forme 

| Thalaeelothrlx 
1 Nltzsohla
Other Pennate Forme

TOTAL DIATOMS

| Prorooentrum 
| Dlnophysls
Perldlnlans 

i (3-ynmodlnlans
Ceratiuia

Skeletonoraa

Chaetooeroa
Other Centric Forme
Thalasplothrlx
Nltzsohia
Other Pannete Forms

TOTAL DIATOMS

Prorooentrura
Dlnophysls
Perldlnl?»m»
O-ymnodlnlens
Ceratium

TOTAL DINOFTXJBIJLATE8

10

B

ATES

e

8

I 8th

J518•5
' 4
: J0
i _ '
J5B7

49

n '1

75

teo

*

20 
36 
5

239

28

12th

32 
1
3
* 
2 
2

92
— =*==

26 
61 
2

121

6

1
3 
1

22

4

15th

1428 
4 

59 
2 

24 
36 
5

1550

10 
2 

31 
44
3

90

1f

I
1

4

______ 
23

3

jiatn
3516 

13 
107 
3 

5' 
tt 
2

370iJ

60

4

64
^= H 

21

9

4

J__l| 
I 50

i '523
3

53
20
19

123
ii 
4__

4 ! 3
- i

15 1 C
35
2

56

13
2

33

1
!
!
i

i

4-

15-1 s
B

24



TABLE U

DIATOMS AHT> PINOPLAQSLLATB3 November 1Q45

Fertilizers Distributed 14/11/45

KII

..._.__
Skeletonema
Thalas«lo»lra

I Chaetooeros
I Other Oentrlo Forms
| Thalaselothrlx
i Mltzaohia
i Other Pennat© Forms
i 'j~
] TOTAL DIATOMS j
| Prorooentrun

Perldlnlans j
Gyanodlniana 1

; Ceratlum ;
TOTAL DINOFLAGELLATES i

! !1 Sllloof lamella tea

S&oletonema
j Thalasslosira
i Chaetooeros 
! other Centric Forms
1 ThalasPlothrlx
i Nltzsohla

Other Pennate Forme

j TOTAL DIATOMS
1

prorocentruza
Perldlniene
Oymnodlnlane
Ceratlxna
TOTAL DIKOFLAG15LLAT3S

Slllcoflagellates

3th 16th

69 175a i
3 9
1
7
3 S

2

35 139
-„„____

9 7
23 16

1 2

47 28

1

H9 210
i 7 2
J 6 11
ii 1 iii «» •
j 157 231
I 6 13
1 o 101 V ' v 

a 30w y 
1 1 4

24 62
1

19th

115
7

12
•
1
6
*>

141
~2~"

20
15

38
«»

137
7

16
4
«»

4
•

S13

20
12
20

4

56
•

....,_ . .. ..

3oth
6
*»

1
w* i
2 !

•1
2 1
2

1R15 I
* j

19 !..-.J...- .... . I
i*> 1

1
10 i 10 j
2 i
1 1i
T 1
» i " I

{~~TT|

~ ^ 0 i
'5
15 !1 i*"H

13



TABLE 14 (Oont.)

DIATOMS ANI> PlNQgLAOELLATES.

S.M.

Fertilizers Distributed

i
""-mi ... —— , ————————— . .._ - -MMfcin*. —— i
Skeletonema

Chaetooeroa
Other Centric Forms •• 
Thalaaalothrix ' 
Nitacohla 
Other Pennato Portae

TOTAL DIATOMS

Prorooentrum 
Perldlnians 
Gyianodlniana 
Cer&tlum 
Other Dlnoflagellates

TOTAL DINOFLAOffiLLATES 

3111ooflagellates_..._. __..__ —
Skelotoneraa 
Thalassloslrs 
ChaetooeroB 
Other Centric Forma 
Thelaeslothrlx 
NltzBohla 
Other Permute Forme

TOTAL DIATOMS

Prorcsntrum 
i perl<31nlana
. G-ymnodlnl^ns 
Ceratlua 
Other Dlnoflaesllates

TOTAL DINOPLA&ELLATES 

SlllcoflPgellatee

13th

57

I 
I
2

71

9 
9 
10

1

_30_

21

6

J
„._!__ 

35

7
13 
a
3

U/11/45.

16th

220

10 
1

t
242

4
9 

20 
2

„ _ r_
35

19th

175 
9
'I 1 

4
9 
2

216 \

to 1
9 :

23 1 
1
• •

1 - ~ 

, 43 u~ ——— .
fT|— T

\ 
"T

. 4 
1 

1 4 
i 11

3

! 59

? - 1
1 5 
! 11
• •<*

i

| 42 \ 102

i 14 f 4 
12 15

"7 ; 2

49 [ 57

30th

1

2
«»

3

0 
6 
22

. 35

-

61 
1
9

10 
9

90

23
9
24 

1

: 43 5^
~f — — —1 — "1



TABLE 15

DIATOMS ANT PINOFLA&BLLATS8. December 194?

Fertilixere Distributed

Skeletcnetaa
Thalasaloslra
Chaetoooros
Nitzfohla
Other Diatoms

TOTAL DIATOMS

Pro ro cent rum
Peridinians
(Jymnodinians 
iCeratiua

loth

2
•

14th

«
«

3 8- ! ij«• ; «•
i

5 i 3
i

12 T 9

19th

2
*

10th

*
t

?

14th

„
1

19th

4
„

t
2

_!j _^_^i
V L 4

,,,.. ..^ --_- 
It I 11

14 1 4 d
37 ! 35
3 1 *

4

8
o 3

23
1 1

17 
2

SO
*

( \

TOTAL DINOFLAG-ELLATE866 4tf 43

Slliooflagellfttes 1
— — — | — -—

i

i- 1 -

_JL_.
4

7
4

f !

26

-
!



TABLE 15

DIATOMS ANI> PINOFLAQBLLATS8. 1945

Fertilizers Distributed 11/12/45.

K06 Kill

Skeletonema 
Thalasslosira 
Chaetooeroa 
Nitaechia 
Other Diatoms

TOTAL DIATOMS

Prorocentrum 
Poridinians 
dymnodinians 
Ceratlua

TOTAL DlNOPL/CrELLATE
i

10th 14th 

2

3 2
1

• -
1

5 3

12 9 
144
37 35

3 I ----- 
BC6 '' 43

1 ! - 
L...-J- -

19th

3 
1

6,,=.,..
1 1 

8
23

43

: -

» A
2 
1

4

1 1 
o

1?
i 2
i........ .
I 39

14th|l9th!'itr
1 ! - i2 ; -

_ __

20

L .
! ~ -
1- - ... -.-._ i.. -

4

7
4

15
•

26

.



TABLE 16

DIATOMS April me.
Fertilisers Distributed lgM/46.

Kt j
Skeletonema
ThalaBPlo§lra
Chaetooeros
Leptocyllndrue

T
Hh i"TH

*• ;

• !
«*

Other Centric Forae 1 6
1 NltzachlaOther Pennate Forms
i TOTAL DIATOMS

Frorooentrum j Perldlnlans 
Gymnodlnlana
Ceratluffl
Ither Dlncflrr'.ellntsa

| Hlnuseula

2
M^

22

*»

8 
25

t
-
»i 

i TOTAL DINOFLA9ELLATSS j 34

12th

15
»
•>
*•
3•

f

15th—— ̂̂
55

2
;
3
3

20 1 63
1

26 
14
3

> *•

i *
44

'• . 
44 
3iJ

«»

1
; 4»

03

13th i
117

12

— t — 
i2nd i
134 I

1 1

————— ! -———— -

/5 J7/5
J33 243

* «•
6 i 138 38

- i

? i_J4.139i j
1 2 

26 !
4B ;

: 1 i
; 47 1

1
«*

61

159 j«
— .„. _ L

1 i
32.
3F> i

1
* !
6 \

124 1 75 i
i I i

13 20
* . <•
7 i 24£ ; i

*93 326 i
^rrTJ
33 36 i 
24 45 !•• » |

-1 A t * i4 11 |——— , ——— j.
61 i 99 i

! KII
i

j Skeletoneraa 10i Thalaafioslra
i Chaetoceros
1 Le^tocyllndru* 
! Other Centric Forme

••
I **

1 2
ni Mltzachla *1 Other Pennate Forms

TOTAL DIATOMS
1

Proro centrum 
perldlrilans
Oyanodlnlans?

| CeratliuiOther DlnoflHPiellatse
Mlmiaoula
TOTAL DINOFLA&SLLATES

•

22

7
53
30

1

4»

146

13

1

<••

1
i «*

20

; ;
6

# i«f» *
1i *

i «».. .i -.- -- • —.i.89

69
4
1

6
! 7
: | ̂ i : IO

1 105
^ 3

J6
1 kfOAm ^'

1
j ^

i "~t"~
j 49

i
i

2(50
r*iO^•:

«•
•*

) w

; 3
«f

J312
I ^~*i.

37 
53

4
i *•
1 t2--(-—- — -
hoa

336
27

i5
w
. 

12•t

]^L
7

$$ 
^̂

i
9... .. — _.

107

j
574 \ 157 I 4 1
2Y4 64 i26 ; 7 i

- i - 
, 15 i »8 ii y ; • I• i— ———
|902 ; 247 i

t 2 19 i16 25 ;
39 . 47 1tf ; i i

i • : •
4 18

"i t"
1 69 1 10



TABLE "C (Oont.)

DIATOM3 AND DINOFLA&ELLATB8. April 1946.

Fertilizers Blatrlbutad to/4/46

1016

Skeletonema 
Thalaeoloslra
Ohaetocoros

j LeptocyilRrxdi*u8
i Other Contrlo Forms
i Hltzsohl-n
Other Pennate Forma

i
! TOTAL DIATOMS 
i
s Prorooentrum

9th
10

t
*
3
-

14

12th

[
~
•
iJ
4

• T ~ ——————

15th Il3fchi22nd 1/5
26 nil 35 

4 ' 19
» | «i
V > •

• i »
2 i 3
1 ! 2f"

13
i

34 |2S2

1 ! 1 3 1 1; Perldlnlana 12 i 25 j
1 Oyanodlni^ne j 29 25
i Ceratlura 2 1 \I Other Dinoflagellates
I Mlnusou!?. - - i
! TOTAL DINOFLAOSLLATES 44 65

1 S.M.

SJc©letons®£
i Thala»f ioelra
Chaetooeroa

i

4 •• '
- i

«. •
iLeptocylindrue i *
Other Centric F*rias j 9
Hltzsohia , 3; Other Pennate Poras 1 ..-_ __-.._,i i

• TOTAL DIATOMS

Prorooentrua 
Perldlnlana

!0eratiuaj
; Other DlnofTa^ellotofl
jMlnuacula
| TOTAL DINOPMOELLATES

16

15 - 
33

t
1

51

iff

-

16 i 45
29 i 46

i ! i. • i
- | 12

l-i

*3 jit*

T
(

' 2 ! 30

163 245
13 | 4
3 1 105
t

* «»

6
_* .4 _

7
20

2i
193 331

I

1 4
23 84
26 7
- i 2
• 2

17 13
j

7/5

72
A

25
„
^
4
^^_ — j

102 j

4
26
21
•
t {
9 I

72 ] 52 ! 61
i

27 na 353li ! 53 v 1g • 7 ; • .
1 i 10 15 f £4£ 133
. ! - -1 ! 13 7
1 5 9 3? 42 i i £" I ' i.... ...._ . t ...

15 'j 99 65

1 j 3 
13 18 46
i,; S5 ; 24
: ?: 'I

9 ; 14

31 33 36

441 1546

4 : Tl 
43 45 ! 
50 34

8
7 i 13 !

109 ! 104
....._. ..-4- -----



TABLE 17.

KII

DIATOMS AND PIHOFLAQSLL*TE3. «ay t 1p4fi 

Fertilizers Distributed 21/5/46.

Skeletonema

Th?laeploalra

Chaetooeros

Leptooylindrus

Other Centric Forms

Nitzschla

Other Pennate Forms

TOTAL DIATOMS

Pro ro centrum

Dlopphysla

Peridlnlaas

Mlauscula

Gtymnodinians

Oeratium

Other Dinofla^wllatee

TOTAL T)INOFLAGSLLATES
—————— --

20th

m

4

3

\

13

34

3

30

36

40

-

12

'55

22nd I 33rd
L _[._!_ _

\ i

O . ;

i
2 1

1

t

.

t
•»•> 2ff33 <«v

1 J

44 14

33 44

65 54
1
i 

«* ; 4*

12 | 4

210 13?
.._..-.. —U

25th

4

7

141

^

3
22

177

3

'

14
;

2
|
45

1

4

66

27th

4 i

11

114

1

4
t

153 |

2

"

23

3
'

124

4

;< 3
169



TABLE 18

PJATpMS___AND DINOPLAGELLATES June 1946

Fertilizers Distributed 14/6/46.

KI

KG6

S.M.

1 13th 17th' 20th 24th]
)' Skeletonema - 2 
! Thalassiosira « M 
Chaetoceros 1 .-. ( 7 

t Leptocylindrus 25 ' 59 
! Other Centric Forms j - 
1 Thalassiothrix f - 16 
\ Nitzschia } - i 4 
1 Other Pennate Forms j - 1

I I'

1
93

40 
15

1 TOTAL DIATOMS j 25 89 162

Prorocentrum j 34 9 14
: Dinophysis j 1 i - i 
; Peridinlans § 18 j 15 10 
; Gymnodinians f 16 | 23 i 17 
Mlnuscula ! 7 8 4 

; Ceratium ft'- 1 1 
Other Dinoflagellates \ - 7 2

| TOTAL DINOFLAGELLATES j 77 62
i E 

j

; Skeletonema ; . f - 
• Thalassiosira i - j - 
• Chaetoceros f - 1 
i L«ptocylindrus \ 26 58 
i Other Centric Forms f - - 
i Thalassiothrix f 12 9 
! Nitzschia $-- 4 
| Other Pennate Forms 11 1

j TOTAL DIATOMS 1 39 73

Prorocentrum |34 20 
I Dinophysis f 1 1 
1 Peridinians |30 21 
JMinuscula 1 .2 4 
Gymnodinians • 22 22 
Ceratium I - 
Other Dinoflagellates I \ 2.

L 4S

8 
121

58 
8

196

21

10
1
9 
2 
1

j ' ! '
TOTAL DINOFLAGELLATES ,95 i 69 , 44

1 f" ' 
I 1Skeletonema y - - | 

Chaetoceros j 2 15 1 
; Leptocylindrus 1,35 11 2 
! Thalassiothrix , - .• - : 
Nitzschia I - j 20 12 

| Other Pennate Forms 11 * !

TOTAL DIATOMS ': 33 : 46 :

Prorocentrum f 9 8 ! 
Peridinians ! 4 8 
Gymnodinians 10 i 9 • 
Mlnuscula 5 | y ;
Other Dinoflagellates 1 7 j
TOTAL DINOFLAGELLATES 27 39 !

_J.5.^

15 
14

46

I i 
21 |

' 2?i 

176 |
I

: i

228 |

' 55 !
11 \
17 |i!
07,!

| |!
28
46 j

I "I ̂

307

41
i » 1

25 1 
9 

20 |

—— ̂

99
i

5

4 I

^=|J 

9J

?!
__??j



T A B L En 19

DIATOMS AND DINOFLAGELLATES July 1946

Fertilizers Distributed 10/7/46.

KI

|Slceletonema
^Thalassioslra
;Chaetoceros
I Leptocylindrus
j Other Centric Forms
IThalassiothrix
JNitzschia
iOther Fennate Forms
j
I TOTAL DIATOMS

S.

KII

K.

Prorocentrum 
Dinophysis 
Peridlnians 
Minuscula 
Gymnodinians 
Ceratium 
Other Dinoflagellates

TOTAL DflJNOFLAGELLATES

Skeletonema 
Chaetoceros 
Leptocylindrus 
Bther Centric Forms 
Thalassiothrix 
Nitzschia 
Other Pennate Forms

TOTAL DIATOMS

Prorocentrum 
Peridinians 
Minuscula 
Gymnodinians 
Ceratium 
Other Dinoflagellates

TOTAL DINOFLAGELLATES

Skeletonema 
Chaetoceros 
Leptocylindrus 
Other Centric Forms 
Thalassiothrix 
Nitzschia

TOTAL DIATOMS

Prorocentrum 
Dinophysis 
Peridinians 
Minuscula ,-05, 
Gymnodinians
Ceratium i 
Other Dinoflagellates
TOTAL DINOFLAGELLATES

M»

19
4

21
i M

f

! 46

10

! 2
i 

12

1
60 
9

1
1

100

1 
3
1 
2

7
1

5 
1

1
1

25

1 
13
~2 
58 
10 

1

j 85

t

1 22 
2

»5 
11

! •*

5't-r
14 

1
i103

5
j _ 5_
;128
<

MM

-

*

**

i 3
! 26 

2
I 50
f 4
' _,

85

i 9' 20
j 1

10 
4

i -

44
_!——__

i 4 
35

32 
! 24-M-
149

2
i 4 

1

7
1"

2 
1 

11
3 

52 
22
5

96

2
i _
1 51 

4 
61

I 28
—— L,

.147 !
———— : ———————— ̂

i 7 
J337

6
I ~

350

1
24i ii,

i 3

107

4
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c. Tables 20 - 28.

Counts of Zooplankton Populations a,re 

expressed as animals per litre.



TABLE 20.

Zooplankton taken in Townet, 
(50 meshes to the inch)

in

North Basin on 10th May, 1944 

Comparative Count.

Oithona similis 5

Acartla clausi '02

A. diacaudata 1*

Temora longicornis *

Centropages typlcus 1

C. hamatus '

Harpacticid sp. 2

Evadne nordaanni '
43Podon intermedius '
12Lamellibranch Larvae

Polychaete Larvae & Post Larvae 5

Cyponautes Larvae
1 

Pluteus Larvae

:Jost of the Olthona .ill 8o tn.

of 1,000 to2,000 in a sample of thlfl



TABLE 21 

ZOOPLANKTON IN SAILSAN MORE (Organisms per

1944

Oithona (adult)

11 (Gopepodit^

Other Cope pods (a)

(c)

Harpaeticids

Nauplil

Harpacticid N:»

Cirripede Nauplii

Cladocera

Lamelli'branch Larvae

Q-astropod Larvae

Polychaete Larvae

Bther Larvae

EC hi node rm Larvae

Tunicate Larvae

Planulae

Rotifers

Tintinnids (Large)

11 (Small)

Polycricos

Fish Eggs

TOTAL

15/3 28/3 17/4 20/5

•^
>0.2 0.3 0.9 0.
j

>- - 0.2 1.

0.1 - 0.

0.1 0.4 0.3 1*

0.2 0.

M •» M •»

** **

0.1 0.2 1.2 0.

0.

2.1 0.6 0.2 4.

0.1 0.2 0.

... o.

""

0.

0.2 0.2 0.3 0.

•» «•» — *"

_

«,«,<• —

6

2

1

3

8

7

2

5

2

2

3

4

2.7 2.4 3.5 10.5

24/5

0.

7.

0.

3-

3.

0.

1.

o.
0.

-

0.

o.

7

6

2

0

3

5

8

1

4

1

1

0.9

"

^

M*

18.7

Litre)

1 4/6 1 9/7

f 3.2
2.3 -'

^6.0

0.3
10.4

ZOOPLANKTON

2/8

11

33

0

0

i

1.6 17.2 30

1.4 -0.3

0.6

0.4 0.4

0.2

3-6

1
0

0

2

0

0.7

7.4

0.2 0.4

0.2 2.2

6

0

0
\

0.7 10.0

_ .

-

7.1 53.1

119

9

0

218

.4

.4

A» *T

.6

.3

.0

.6

.2

.0

.2

.0

.2

.8

.0

.4

.2

.0

11/8

53

31

1

0

0

2

2

0

1

0

3

1

—

0

0

-

-

1

0

104

.4

.6

.0

.2

.4

.6

.2

.4

.0

.4

.0

.6

.2

.4

.2

.2

.8

6/9

1.5

75.0

-

-

91.0

0.5

—

3.0

..

—

—

-

1,0

0.5

18.5

4.5

-

195.7

TABLE 21 

IN SAILEAN MORE (Organisms
1945

6/10 23/10 20/11 27/12-9/2

1.5 4.0 1.5 4.5

18.5 39.0 47.5 26.5 5.1

-

0.5 -

0.5

17.5 13.5 26.5 0.5 0.2

1.5 1.5 - 0.5

• •» «• w ••

- - - - •_

1.5 0.5 0.5

0.5 -

1.0 - 0.2

0.5 - 0.5

- - - - "

— ' — — ** "*

1 - 0.5

— . - ~ " "
_ — _

- - — •

V » ———

— ""•

44 59 77-5 32 5*5

per Litre)

23/3 24/4 15/5

1.2 0.8 8

4.2 8.0 28

0.2 0.2

0.4 0.4 0.5

0.6 0.5

2.0 19.8 25.5

1.4 0.5

1.6

1.2 0.2 1.5

7.0 0.8 0.5

3.8 4.0

2.0 5.0

* *" M

0.4 . 

16.2 40.0 75,0

T A B L E 21

ZOOPLANKTON IN SAILEAN MORE (Organisms per litre)

23/5 30/5 3/6 19/6 3/8 15/3 5/9 26/9 5/11 3/12 13/12

3.5 4.0 6.0 3*0 2,5 0.5 3«6 2.2 2,0 0.9 0,2

2,0 10,0 5,0 47,5 14,3 12.0 3.2 5*2 35.0 5.5 2,2

: 0,2— «*•<• » — «•«• «. «. „

. «. - * - - - 1,4 0.5 0.2

0,5--- - 1.6- 0.1 -

2.3 46.5 30.0 179,5 1,0 4.3 6.3 9.4 6.5 7.4 1.1

1.5 - 1.0 0.2 0,5 0.4 0.6 0.5 0.3 o,3

id* ..•«*• mf> <* «• '0.5 *" * ** "* **

» - .«. «. * 0,4 1.6 -

«• • - - - 0.5* 0.4 0,6-

! - * * - 0.5 1.0 0*2 1,0 - o.t . ;
0.3 1.0 1.0 0.5 0.5 0.2 0.4 - - O.t

* 0.3 * » - - 0.3 0.1

» — — *• * * «.• «* « — #

. - - «•» »• » . * 1.6- - •*•
0,2 3*5 2.0 5.0 - .* 0.2

0,3 3*5 7.0 2.5 - 0,5 0.2 0.2 0.5 0.3 0.1

12.5 17.0 35*0 - 5.0 1.0 1.6 3,0 0.6
i

t.O - 18.0 8,5 - 0.7 4,3 0.4 0.5 2.7 1.4

* - - * - 0,30. 2 - *

* 0.5 * - * 0.2 0,3 -

1H.3 33»0 36.5 231.5 -19.3 26.0 26,6 27.2 93.5 18,4 5.5 

'

TABLE 21i

ZOOPLANKTON IN SAILEAN MORE (Organisms per Litre)

1946 
25/1 2/3 19/3 15/4 20/5 3/6 25/6 13/7 8/3

0.1 0.3 0.4 0.2 1.2 0.2 0.3 13.0

1.5 0.8 1,0 0.6 0.3 2.4 5.3 1.6 33.6

i - * - - 0.1 0,2 - - 0.8

- 0.2 - 0.2 - - 0.3

* * r » 0.2 - 0.2 3.6 
0,7 0.9 0.8 1.4 2.2 2.6 4,4 2.4 26.4

0.3 0.1 0.4 - 1.0 2.0 0,6 3.0

------- 0.2 0,4

------ 0.2 0,1 6.0

0,1 0.2 0.4 0.2 1.3 3.2 2.2

•-. ' - - * 0.2 1.0 4.6 0,2 2.0

----- 1.0 2.4 1.2 1.0

0.8 0.4 0.2 * 0.3

» » . •«. - *, * 0,2-

* * * * 0.2 - - 0.8

* *• » - - 0,2 0,6 0,2 1.3

0.1 25.1 14.6 1.1 3,0 0.8 0.3

- 0,1 - - - 2.0 0.3 1.8

0.7 - 0,5 0,5 -

- - »* 1,Q- - . 0.3

* * * - 0.2 0.2 -

2,2 3.1 28.5 13.0 6.4 14.0 24.8 18.4 108.3



TABLE 22

ZOOPLANKTON AT KI (Organisms per Litre)

1944

Oithona (adult)

" (cope pod its) 

ether Oopepods (a)

(c)

Harpacticids 

Nauplli

Harpacticid"N. 

Girripede Nauplii 

Cladocera 

Other Crustacea 

Lamellibranch Larvae 

Gastropod Larvae

Polychaete Larvae

Other Larvae

Echinoderm Larvae

Tunicate Larvae

Planulae

Rotifers

Tintinnids Large 

11 (small)

Polycricos

Pish Eggs

TOTAL

t 5/3 30/3 H/4 20/5 13/6 23/6 19/7

0.5 

0.8 

0.1

8.8

0.1 0-2

0,6 4.2 14.6

0.3 2.2 3.8

0.4

0.4 

1.0 3*2

.2

0.2 0.1 2.6

32 . 8
.-11.4.. 42.0

r- 0 0.3

'

0.6 - 0.2

23.4 26.8 84.6

3.6 1.0 4.0

0.4

0.2 0.8

0.2 

2.4 

1 .4

0.4 

4.3 

2.4 

0.2

1.8

1.3 

9-0 

2.0

1.6

1,6 3.2

1.4 33.0 4.0

13.4 0.6

0.4 0.6

3.9 11.7 34.4 69.0 116.0 203.2

2/3 

44.0

0.8 

0.8 

0.4 

49.6 

2.2

1,0

0.6

13,4

3.0

0.3

0.6 

0.4

11/8

69.0

64.2

0.6

0.8

TABLE 22 

ZOOPLANKTON AT KI (Organisms per Litre)

6/9 6/19 23/10 20/11 27/12 8/2 23/3 2*/*_^/5 

13.0 21.0 9.5 4.5 2.5 3.8

44.5 37.0 67.5 53.0 22.5 20. 

0.5 -

1.0 - 0.5

2

5.0 12.0 24.0

14.0 37.0 84.0

0.4 2.0 0.5

1.8 2.5 1.0

1.0
• . >' ,

48.8 83.0 71.0 38.0 21.0 4.0 3.0 4.0 122.0 59.5

1.0 0.3 0.4 2,0 2.01.0 

0.8 

1.2

2.6 

15.2

4.0

0.5 

0.5

2.0

0 .

1,0

4.0

0.5 

1.0 0.5

0.5

5.0 0.5

3.0 0,5

0.5 0.5 

2.2 1.0 2,0

0.4

0.2

2,6

16.3 18,4

1.5 

4.0 0 ,5

0.2 

0.2

•»

9.4

1.0

0.5

0.5

4.5 2.0 

6,0

0.4 2.0

211.8 229.0 160.0 190.0 116.0 79

0.5 0.2 0.5

,0 30.0 28.8 37.6 185.0 133.5

TAB!

'23/5

5.0 

12.5

1.0

23.0 

1.5

ZOOPLANKTON AT KI (Organisms per Litre) 

39/5 8/6 i19/6 ,13/7 3/8 15/8 5/9 20/9 6/1t 3/12 

9,0 5.5 10.0 8.5 - - 1.2 1.6 1.0 0.2 

13.5 15.0 51.5 71.5 21.0 18,0 7.2 3.6 35.0 4.8

1 15.5 216.0 178.5 

- 1»5 0.5

1.0 -

58.0 36.5

0.5 1.0

0.6 

6.0 7.4 10.2

0.5 0.3 0.4

2.5 0.5 7.0

0.2 0.6 

2.0 0.8 0.4
1.5

1.0 

0.5

45.0

0.5

7.5
0.5

1.0 3.0 0.5

2.0 1.5 33.0

39.0 31.0 35.5 42.0

36.0 22.0 12.0

1.5

0.5

16.5 20-5 

3,0 -

- 30.5
1.0 1.0

1.2 

0.2 

4.2 

0.4

0.2

3.0

11.3

1.8

109.0 130.0 313.0 332.5 239.5 80.0 77-5 23.8 34,3

0.2

0.6 0.2 

3.4 10.6

0.6 0.2

0,2

2.0

1.6 0.3

• o 17.0

TABLE 22

ZOOPLANKTON AT KI (Organisms per Litre) 
1946 

13/12.25/1 2/3 19/3 11/4 20/5 3/6 25/6 17/7

0.1 0.1 0.2 2.6 1.2 2.8

0.9 1.5 0.6 5.2 6.6 14,0

0.2

1.9 1.3 

0.1

0.1

O "7*- • I

C.2 0.2
t,5 2.1 3.4 2,5 2.8

0.2 0.5 0.4

0.7

0.1

1.0

1.1 1.3 

1.2

13.8

3.6 10.4

0.5 - 

0.1 5.8

5.4 14.0 

3-0 0.6

4.2

5.0 

2.0 1.8

0.6

3.0 13.6 

80.0 

2.6 -

5.4 

0,2

0.4

9/8

4.2 

7.3

0.4

6.4

3-6

0.4

0.2

0.6

8.6

4.0

0.8

1 .0
3-.0

0.4

2.3

8.0

-

6.3
-

5.3

3.3
-

0.4

-

5.2

4.4

0.6
-

a. 6

_
3.2

12.2

9.0

3.6

0.2

3*7 3.1 6.6 9.2 9.0 20.4 22.8 132.6 63.8 60.6



T A t5 L, HI

ZOOPLANKTON AT KII (Organisms per Litre)

1944

Oithona (adult)

11 (cope pod ite) 

Other Copepods (a)

(c)

Harpacticids 

Nauplii

Bar.paattoi.cLlH 1 

Cirripede Nauplii 

Cladocera 

Other Crustacea 

Lamellibranch Larvae 

Gastropod Larvae 

Polychaete Larvae 

Other Larvae 

Echinoderm Larvae 

Tunicate Larvae 

Planulae 

Rotifers

Tintinnids (large) 

11 (small) 

Polycricos 

Pish 3ggs

TOTAL

15/3 28/3 14/4,20/5 24/5 13/6 28/6

If-0.9 1.9 5.1 11.8 21.8 35-0

11.4 0,7 1.6 1.4 4.3 0.8

0.7 

0.2

0.2 

3.0

0.9

0.1 

2.4

0.5

3.1

0.1 

0.2

0.3 1.2

1.2

1.3 4.4

0.6 - -
0.1

0.8 1.2

3.0 20.6

1.6 0.3

0.1

0,4 6.6

0.2

0.7 8.8 23.6 3*6
3.4

f10.2

(.19-6

> 0,8'<

U.6 

0.8 1.2 04 

8.7 28.6 64.3 41.0 52.2 

1.1 3.4 7.9 2.6 3.6

1.4

0.2

29-2

1.3 

0.2

2,0

**

1.6 

11.2

7.2

7.2 9.0 18.3 61.8 129-9 116.0 143.3

T A B L S 23

ZOOPLMKTON AT KII (Organs lias per Litre.)

,
1945 

23/10 20/11 27/1 £ 9/2 23/3 24/4

55-0 34.? S3.2 57.5 29-5 33.0 21.0 7.5 0.4

35-0 35«0 57.6 161.0 130.5 133.0 144..0 43-0 3 .7

2.2 7.6 9*2 2.0 0.5 - * -

4.3 4.2 4*3 2.5 1.0 3.0 1.5

y.2 0.4 i.O 0.5

5.4 5.2 4.4 3.0 1.5 1«5

0.2 0.2 0.5 

0,3 0.4 1.4 1.5 0.5 1.5

1.6 1.2 3.0 15.5 

17.3 26.2 35«0 15.0
s

1.8 0.2 0.4 1.5

1.5 

1-5

15.6

•P"

2.8

0.6
1.2

0.2 

0.2

2.6

0.6 

0.2

0.6 

0.2

1.3 

1,2

0.5

2.5 

5.0

7.5

1.0 0.5 

1,0

«*» 9

1 .0

0.5

2.0
1.5 0.5

0.5 

0.5

0.5 

1.0

1.2 0.4 1,0

0.5

179.3 73.4 75.8216.5 35.0 30.0 41.5 5.0 .0.2

0.3

1.8 12.5 

4.2 95-5 

0.2

0.3 0.5

_ •»

2.6 239.5

0.4 5.0

** ^

0.5

0.5 

0.3 5.6 5«o

0.2

0.2

20.0

2-5 

3.5

373.2 197.4 220.3 492.5 25LO 312,5 213-5 .61.0 5.4 36.0 415.0

TABLE 23

ZOOPLANKTON AT KII (Organisms per litre) 

15/5 23/5 30/5 __8/6 19/6 13/7 3/8 15/8 5/9 20/97/11
10,0 6,0 2.0 0.5 4.0 14.5

39.0 16.5_ 3.0 : 3.0 54.5 1S7.5 12.5

0,5 » 0.5 1.0

14.5 4.5

2.0

0.5 0.5

0.5 1.0 - 1.5

* 0.5 0.5

46.5 26.5 53.5 113.5 237.5 165,5 64.5 

3.0 * 1.5 2.0 2.0 * 1.0

5.5 15.5 

1.0 0.5

2.5 1.5 2.0 0.5 

2.0 1.5 0.5 1.5

1.0

1.0 1.5

3-5 -

0.5 -

21.0 54.0

6.5 3-0

4.0 5.5

19.0 29.0

20.5

0.5
t

13.0 8.5 3.0 

1.0 - 3.0

0.5

1.0 15.5

0.5 2.0

2.0 •

67.-0 39-0 9*5 

32.0 66.5 1.0

53.0

0.5 

13.0

42.0

0.4

3.4 22.5

0.3 - 

3-5 12.5
0.6

5.0 1.0 0.6

1.0 0.5 0.2

0.5 

3-3 

0,3
*•

0.2

0.5

131.5 109.0 103.0 193.0 417.5 496.5 99.5 93.5 64.0 13.3 42.0

TABLE 23
ZOOPLANKTON AT KII (Organisms per Litre)

18/7 9/3
1946 

3/12 13/12 25/1 23/3

2.5

0. 1

2.3 0.6

0,1 

4,4 3.1

0.1 • -

0.6

0.3

0.1

0,8

0.2 

1.7

Or

0.1 

0.1 

1.7

0,3 

1.0 

0.2

O.g

0.1 

0.8

0.2

1.0 £.6 4.3 3*.2 0.2 

3-6 5.2 15.0 9.0 4.3

5.4 

1.0

0.4 

5.4

0.3

0.1

0.2

0.4 0.2 0.2

— — —
19.2 6.4. 5.4

2.6 1.0 2.4

0.6 - 0.4

0.4 -

6,2 3.2 

	4.0
0.3 0,3

3.3 -

1.3 4 .2

0.1

0,1

0,2 1Q.4

1.4 3.6 63.4 3.0

0.4 4.0 7.6 2.3

0.2 0.2 1.0 1.2

0.4 7.2

0,2 0,2

1.6 0.4

2.2 10.4 5.6 2.2

* • • - 51.3 9.8 3.3
0,2 2.4 1.2 1.6 15.0

0.3

t

1.0 

3.2

3.4 15.2

0.6 0*3 0.2

7.6 5.6 1,4 9.3 7»5 22.6 29.0 199.3 74.6 42.6



XII. FIGURES.

Note:- 1. The phytoplankton densities in Figs. 

2— 6 are given in cells per millilitre.

2. In Figs. 2, 3 and 6 the scale is log 

arithmic; in Figs. 4 and 5 it is natural,

3. In Fig. 7 the zooplankton densities 

are given in animals per litre.

4. In Fig. 8 the zooplankton density in 

Sailean More is taken as unity and the 

density in Kyle Scotnish is given as a 

multiple of the corresponding density in 

Sailean Lore.



FIG I. POSITION OF STATIONS.
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FIG 4. PHYTOPi-ANKTON. MAY 1944.
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FIG 6. PHYTOPLANKTON. OCTOBER 1945.

IOOO H

100 H

IO

KG 6. • ———— •

SM(KIII)O-- -o

^_ _ _ _ 0 _ _
— o — — — — —

e 9 12 15 18



FIG 7. ZOOPLANKTON. 1944-1946.
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FIG 8 ZOOPLANKTON 1944-1946: COMPARISON OF KYLE SCOTNISH AND SAILEAN MQRE.

20

«OH

0-51

K I ———— 
KU-- -
SM •-• — •= i

/ \

1944
M A

'1945 (1946 
SONDJ FMAMJJA50ND J

\ ! T"

MJJ A


