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AHSTRACT 

Hydrographic and phytoplanktonic data from four 

sampling depths (0, 5, 10 and 22 meters) were collected during 

the summer and fall of 1969 and the spring and summer of 1970 

from St. John's Harbour and Aquaforte Harbour, located on the 

south-east coast of Newfoundland. Eighty-five species and 

four unidentified catep,ories (u-cells, flagellates, naviculoids 

and gymnodinians) were identified from seven algal classes. 

These were primarily boreal forms. The seasonal distribution 

pattern of the phytoplankton differed in the two harbours. 

It was concluded that St. Jol1n's Harbour, which receives 

untreated sewage from the city and suburbs, and servies a 

combined population of approximately 93,500, was the more 

eutrophicated. Evidence for the eutronl1ic state was especially 

notable in the central basin (station 1) of the harbour. 

llere the bottom waters were deficient in oxygen especially 

during the summer months. Secchi disc readings were generally 

lower at this station. The annual standing crop at this 

station was almost three times tl1at at Aquaforte Harbour. 

Greater concentrations of nannoplankton were supported by the 

higher nutrient content. One euglenoid occurred in bloom 

concentrations throup,hout the summer months, and may nossibly 

he considered an indicator of organically-polluted waters • 
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INTRODUCTION 

Variations in the nutrient content of water bodies 

have been recognized since the turn of the century. The 

earliest researches were in the field of limnology, where 

scientists were concerned with the gradual increase of 

nutrients, originating from land drainage and precipitation, 

as natural maturation progressed. In the estuarine environ-

ment it was originally assumed that, because of the extensive 

flushing action of tides and river currents, an unlimited 

supply of nutrients could be tolerated. In fact, estuaries 

have long been used as "cesspools" for domestic and industrial 

wastes. However, not until the last decade has the trophic 

state of estuaries been the object of intensive research, as 

the ecologic~! threat posed by man's waste-disposal practices 

has become fully recognized. 

The present study is concerned with a comparison of 

the standing crop biomasses and of the species differences 

of phytoplankton in polluted St. John's Ha rbour, receiving 

high concentrations of nutrients from do mes tic drainage , and 

in relatively unpolluted Aquaforte Harbour, receiving 

comparatively low concentrations of nutrients. By using these 

biomasses, a long with dissolved oxyg e n determinations, an 

attempt is made to determine the extent of e utrop i1ication in 

St. John's Harbour as compared to Aquaforte Harbour. The 

morpholog y a nd lo cation of St. John's Harbour a nd of Aquaforte 

I 

- ~ . , _ _,;>· -
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Harbour are sufficiently different that the latter could 

not be truly considered a "control" area. Nevertheless, it 

\vas thought that comparisons of the two areas would be 

valuable, since no other readily accessible locations, that 

were more alike, had significantly different pollution loads. 

To date, little work on the problem has been done 

in the north-west Atlantic. These locations in Newfoundland 

are the most northerly estuarine environments on the exposed 

coastline of North America to be studied from a trophic 

point of view. 

-



-3-

Coastal and Estuarine Phytoplankton Surveys 

Plankton surveys date back to the late nineteenth 

century. They were sometimes part of extensive oceanic cruises 

in the North Atlantic, and were primarily concerned with the 

taxonomic and geographic boundaries of the different species. 

Most other recordings of phytoplankton populations were 

studies of seasonal distribution patterns of standing crop. 

Riley~ !!..!_.(1949) observed that ninety percent of the 

plankton studies in the western North Atlantic were carried 

out in coastal waters from Nova Scotia to Chesapeake Bay. 

These included the surveys of the following regions: Georges 

Hank (Riley, 194lb), Gulf of Maine and Hay of Fundy (Bigelow, 

1926; Gran and Braarud, 1935), Frenchman's Bay and Penobscot 

Hay, Maine (Burkholder, 1932), Woods Hole region (Fish, 1925; 

Lillick, 1937), lower ~arragansett Bay, Rhode Island (Smayda, 

1957), Block Island Sound (Riley, 1952), James River estuary, 

Virginia (Harshall, 1967) and Chesapeake Hay (Wolfe~~·· 

1926; Patten et ~·, 1963). 

r art her 11 or t h , au u prot a b], y more r e 1 evant to the 

present study are the surveys of St. Margaret's Bay, Nova 

Scotia (Saifullah, 1969),Baie des Chaleurs, New Brunswick 

(Brune!, 1962), the Flemish Cap and the Grand Banks (Movchan, 

1967; 1970), the coastal waters of Labrador (Iselin, 1930) 

and the Labrador Sea (Holmes, 1956). 

I 

-~ 
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Estuarine Eutrophication ~toplankton Surv~ 

There have been very few long-term studies of estuaries 

in relation to environmental changes brought about by the 

increased nutrient load. This is especially true of North 

America; although a number of studies are available which 

correlate eutrophication with biological and chemical observations. 

These include surveys of the Uuwamish estuary, Washington 

Welch, 1968), of the Hudson estuary, New York (Ketchum, 1969; 

Howells~~ .• 1970) of the Potomac estuary (Carpenter et ~., 

1969) and of the Bedford Basin, Nova Scotia (Platt et ~., 1970). 

Basu et al. (1970) reported their findings in a 

comparative study of a polluted and an unpolluted estuary in 

the Bay of Bengal. In hngland, the effect of increased 

nutrients in the River Tyne was examined by James and Head 

(1970). One of the many reports on the River Thames was 

Rice's (1938) study of the phytoplankton at various stations 

along that river. A survey of the Noordzeekanaal showed the 

gradation of oxygen and phytoplankton populations from the 

North Sea to Amsterdam (Wibaut and Moens, 1957). The classic 

and extensive study of the Oslo Fjord (Uraarud, 1945, 1953; 

Uraarud and Bursa, 1939; Uraarud and Ruud, 1937; Anon., 1963) 

provides a comparison with the main area studied in the present 

thesis, St. John's Harbour. 

-
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REVIEW OF SOME LITERATURE ON EUTROPHICATION 

The term eutrophication had its beginings as early as 

1907 when Weber described the high nutrient content of soil 

solutions of German peat bogs (Hutchinson, 1969). The term was 

introduced into limnology by Naumann in 1919 when he discussed 

eutrophic, oligotrophic and heterotrophic populations of 

phytoplankton. In 1931, he defined eutrophication as "an 

increase of the nutritional standards especially with respect 

to nitrogen and phosphorus'' (Stewart and Rohlich, 1967). When 

this process occurs naturally, it is simply maturation. When 

it is induced artifically, as by the influx of human sewage, 

industrial wastes, agricultural drainage, forest mismanagement 

and urban runoff, it may be considered to be the result of 

pollution. However artificial eutrophication can also be 

beneficial, as in fertilized fish ponds. 

Most early work in eutrophication wa s carried out in 

limnolo gy, in which the basic concepts were developed. 

Nevertheless, such concepts are usually applicable to the 

estuarine and the marine environments. 

Hasler (1947) int e rpreted the course o f e utrophication 

in a lake, g raphically (Fi g ure 1). Ue believed it to be a 

comparatively rapid process following the sigmoid g rowth curve 

wl1ich was heightened extensively by the addition of fertilizers. 

The steep ri se can be explained by the existen ce of reducing 

conditions in the bottom of a e utrophic l ake, releasing additional / 

-- -~~~ 
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Figure! 1. Hypothetical curve of eutrophication in a lake. 

From llaslcr (1.947). 
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nutrients for recirculation in the enclosed system. 

Research into the dynamics of eutrophication established 

the parameters used in measuring this process. These parameters 

may be placed into two broad classifications: physical-

chemical and biological. The physi~al-chemical parameters 

are usually direct measurements of the respective components 

in an aquatic environment e.g., dissolved oxygen, transparency, 

dissolved solids and nutrients, but they can only be considered 

as indirect ways of evaluating eutrophication because they 

are only relative to biological productivity. The biological 

parameters represent a more direct method of evaluating 

eutrophication since they usually measure biological productivity 

directly,e.g., chlorophyll, oxygen production and standing 

crop. A quantitative measurement of certain indicator species 

is also important under the latter heading. 

The remainder of this section reviews the pertinent 

literature on the four parameters used in the present study. 

Di~~~~yed Oxygen 

Oxygen determinations were one of the first parameters 

of eutrophication to be measured. Sawyer (1966) illustrated 

(Figure 2) a typical limnoligical situation. Dissolve d 

oxyg e n analysis of lakes of v a rying pro d uct i on show s distinct 

differences during the summe r stag nation period . Th e lea st 

....... 



?': .·.-. 

-8-

. ·-~·· 

OLIGOTROPHIC EUTROPHIC 

EPILIMNION 

____ j ____ ~ 
THERMOCW~E ___ l __ _ 
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·~ ·:.' ·~ 

\ .~ .. _. 
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DISSOLVED OXYGEN- DISSOLVED OXYGEN~ 

-' •' 

Figure 2. Typical dissolved oxygen curves in oligotrophic 

and eutrophic lakes during summer stagnation. From 

productive or oligotrophic lakes shoH little change in 

oxygen \vith depth, while the most productive or eutrophic 

lakes shaH a mnrked decrease in oxygen in the hypolimnion. 

In the latter cnse, the great quantity of organic matter 

produced in the epilimnion sinks belo,,• the cup!10tic zone 

H h c r c b a c t e ria cons u 1n c a v a i 1 a b 1 e oxygen . Someti~es accompany~ng 

the hypolimnion deficit is a supersaturated surface layer, 

,., h c r c 1 a r r, e q u a n t i t: i c s o f n u t r :l. e n t s p r em i t h i g h p h y t o p 1 an k t on 

productivity to take place. 

The deficit of o x y ge n Jn the hypolimn io n has been 

frequently recorded, and definite trends toH a rd an increase 

-
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in this deficit have been noted. For example, in the 

eutrophic lake,Esrorn S~, Denmark, having a depth of 22m, 

J6nasson and Mathieson (1959) recorded no oxygen at 18m, 

although supersaturated levels were recorded at the surface. 

Stewart and Rohlich (1967) cited the findings of Minder (1943) 

concerning Lake Z~rich, Switzerland. Dy 1930, the lake 

showed a gradual increase of oxygen saturation in the surface 

waters and a decrease of oxygen at great depths. However, 

from 1930-1942 a rise was noted in the deep water indicating 

an improvement in water quality. Minder stressed that the 

oxygen content of a lake was the most important variable. 

In the Soviet Union, Straikraba and Straikrabovi (1969), 

reporting from the literature, noted the depletion of oxygen 

at the bottom of the Caspian Sea around the mouth of the Volga. 

This occurred as a result of organic matter flowing from the 

river. Lund et al. (1963) showed that Lake Windermere in 

England had a steady decline of oxygen in the hypolimnion 

throughout the period of stagnation. In Alberta, Hastings 

Lake was designated as eutrophic by Bozniak a nd Kennedy (196 8 ); 

the bottom waters of t l1is lake were completely devoid of 

oxygen. Of the Great La~es, only Lake Erie showed the low 

dissolved oxygen content in the hypolimnion (Beeton, 1969). 

The deficit is more pronounced in stable lakes where 

wind velocity and current patterns d o not upset the equilibrium. 

If the above factors are present, then it is imperative 

that the rate of oxy gen depleted in the hypolimnio n be 

~ .. J 
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measured. In northern Europe, Str~m, in 1931 (according to 

Rodhe, 1969), was the first to attempt to obtain numerical 

data as an indication of the rate of organic matter supplied 

to lakes. lie introduced the daily loss of oxygen per unit 

area of the hypolimnion as a measurable parameter. 

Edmondson et al. (1956) and Edmondson (1967) measured 

the rate of development of the oxygen deficit for Lake 

Washington, Washington. Hutchinson (1938) and Rawson (1942) 

found that this rate was roughly proportional to the mean 

standing crop of net plankton in the epilimni on . Ho\oJever, 

because ''increased phytoplankton may result in increased 

transport to the hypolimnion out of proportion to theassimilation 

by the zooplankton, the oxy gen deficit will probably be mor e 

closely related to productivity than to standing crop" 

(Edmondsv' et al., 1956). 

In open e stuarine environme nts, the fluctua tin g 

conditions created by tides and river currents make it 

difficult for an oxygen deficit in the hypolimnion to become 

established. llo\vever, in semi-enclosed areas, e . g ., protected 

harbours, where more stable conditions prevail, such a deficit 

can exist. In the Ch esapeake Bay area , Carpenter et al. ( 1969) 

noted that oxygen depletion occurred in the upper Bay an d in 

the adjacent Potomac estuary. Patten et al. (1963) observed 

extremely low oxygen concentrations in the lower section of 
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the same bay. Ketchum (1969) in a study of the Hudson River 

estuary, mcasuredoxygen deficit at stations along the lower 

river and extending into the sea. An attempt was made by 

Welch (1968) to correlate dissolved oxygen and oxygen production 

with phytoplankton production at stations along the Duwamish 

River and estuary, Washington. 

Occasionally, th~oxygen saturation of waters can be 

a more meaningful parameter to measure. In a study in the 

Netherlands, Wibaut and Moens (1957) observed the oxygen 

saturation percentages at various depths from the harbours at 

Ijmuiden and extending throug h the locks of the Noordzeekanaal 

to Amsterdam. They sug gested a general correlation between 

the percentage oxygen saturation and water quality: 

0 - 20% heavily polluted 

20 - 4 0 ;~ strongly II 

40 - 60 % moderat e l y II 

60 - 80 % lightly II 

80 -1o o;; and more not II 

In his analysis of diurnal oxy gen curves, Odum (19 6 0) discussed 

the undersaturated oxygen values in the surface wat e rs of t h e 

boat h a rbour of Corpus Christi, Te xas. 

Sills, characteristic o f fjords, provide natural 

situations in which the stability of th e deeper lay e rs of 

wa t e r can b e es t a blishe d. Th e s ill s ef f e ct i v ely tr a p t he wa t e r 

so th a t oxy g en ma y be c om e d e p l et e d in th e bottom laye r s during 

th e ~ armer summer months, as occurs on the west coa st o f North 
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America, e.g., Puget Sound (Barnes and Collias, 1958). A 

typical fjord in British Columbia, Indian Arm, had an oxygen 

distribution which ranged from 250% at the surface to 10% at 

tbe bottom (Gilmartin, 1964). On the east coast, in Bedford 

Basin, Nova Scotia, a comparable situation is madE ~ossible by 

the Halifax Harbour channel which constitutes a sill depth of 

20m (Platt et al., 1970). 

Data from the surveys in the Oslo Fjord, especially 

from the inner basin around Oslo, provide comparisons with the 

material in this present study. The depletion of oxygen at 

the lower levels could not be attributed solely to the sills 

of the fjord. Braarud (1953) noted that aeration of the deeper 

strata of large fjords, other than the Oslo, was satisfactory. 

Correlations between the oxygen content of the water column 

and the phytoplankton are discussed in detail in Braarud (1945), 

Braarud and Bursa (1939) and Braarud and Ruud (1937). 

Transparency 

Another of the early parameters used in measuring 

trophic levels was transparency. The great biological activity, 

characteristic of eutrophy, produces changes in color and 

turbidity, decreasing the amount of li g ht penetrating the upper 

layers. The simplest, and perhaps the most comii-.ou way to 

measure transparency is by the use of the Secchi disc; this 

technique has been used in the present study. However, the 

' · 
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method is quite subjective, and is also affected by physical 

conditions such as the glare of sun and wave action (Beeton, 1957). 

Non-biological turbidity and water color also adversely affect 

the Secchi disc readings. 

In a classical study on illumination, Poole and Atkins 

(1929) analysed data to derive an equation correlating 

extinction coefficient per meter of visible light <"> with 

depth (D) in meters: 

). = 1.7 
D 

These workers also concluded that, within wide limits, the 

visibility of the disc is independent of the illumination in 

air. Using photometer, Secchi disc and water color readings, 

an extensive statistical study by Graham (1966) showed excellent 

correlation between disc observations and extinction coefficients. 

Secchi disc observations become more meaningful when 

the values have been continuously recorded over a period of 

years. Documented studies exist to support this fact. A 

study of Lake Haruna, Japan showed that disc readings decrease d 

7.2m in 24 years. Yoshimura (1933) concluded that the lake 

was becoming eutrophic. Findenegg (1965b) described a similar 

study in La ke Klopeiner, Austria, wh e re the decre a se in 32 

years was 3.8m. La ke Washington, Wa shing ton, in 51 y e ars, had 

under g one a 3m chang e in mean Secchi disc reading s from June 

to September (Edmondson, 1967). La k e Zurich has also been the 
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object of an intensive study from 1905-1928 by Minder; in 

23 years the decrease had been 1.7m (Fruh et ~., 1966). 

Will~n (1959) found a correlation between transparency 

and the annual spring and autumn turnover of the water column; 

minimum visibility occurred when the circulation pattern 

developed. 

An attempt was made to determine the existance of a 

correlation between Secchi observations and biological 

production. Beeton (1965) concluded that such a correlation 

did not exist. In comparing the measurements of Goerges Bank 

pltytoplankton population~ and s~cchi disc readings, Clarke 

(1946) demonstrated a significant relationship between the two. 

Riley (1956), using Poole and Atkins'extinction coefficient 

formula, came to the same conclusion in a similar study in 

Long Island Sound. However, his observations were made under 

optimal conditions, namely, away from land-derived particulate 

matter and during the s pring flowering. 

Sometimes Sec ch i disc d e t e rmin a tion s c a n give insigh t 

into the annual standing crop of phytoplankton ( J6nasson and 

Mathieson, 1959). They showed that transp ar enc y wa s reduced 

by half dur i n g the spring and l ate summer blooms. 

the Secc h i disc d ep th s a g ai n s t the log of me an 

In p lotting 

cell 

numbers, Has le (1969) found a hig h n ega tiv e correlation. 
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However, when those stations which contained a great quantity 

of "monads and flagellates" and coccolithophores were omitted, 

the disc readings were fair estimates of diatom abundance. 

Atkins ~ ~· (1954) found a good inverse relationship between 

the amount of phytoplankton, as determined from chlorophyll 

extracts, and the Secchi disc range, except when vertical 

mixing brought suspended inorganic matter to the surface. Hart 

(1962) found that zooplankton did not affect the Secchi disc 

readings, and that there was good correlation between plant 

pigments and disc readings. Smayda (1963) found that Secchi 

disc regressions reflected the magnitude of phytoplankton 

abundance. 

Turbidity, as measured by transparency, need not be 

a function of biological activity. One can not distinguish, 

by transparency, between natural and industrial particulate 

matter, as Beeton (1969) observed in the Great Lakes. Both 

types of particulate matter are especially prevalent in estuaries 

where they can greatly reduce illumination intensity and 

consequently, biological production. Willi~ms (1966) calculated 

extinction coefficients from Secchi disc readings along the 

Outer Banks off the North Carolina coast and found they were 

dep e ndent on river effluents and bottom mud sediments. He 

could not d e termine an obvious seasonal cycle correlated with 

th e phytoplankton standing crop. Pat ten ~ !:!....!. · (196 3), in a 

study of lower Chesapeake Hay, computed extinction coefficients 

1 



-16-

obtained colormetrically from optical densities. Again, 

no seasonal trends were found. 

Seasonal vertical distribution of the phytoplankton 

can be another factor adversely affecting the Secchi disc-

production correlation, as discussed by Marshall and Orr (1928). 

During the spring blooms in shallow water, phytoplankton can 

become more concentrated near the bottom than anywhere else, 

while during the \Yinter they can become more concentrated at 

the surface. 

~~nding Crop 

As eutropltication progresses, the increase in the 

concentration of plant nutrients naturally leads to an increase 

in algal production. Frequently, the l1iomass or standing crop 

is used to establish the trophic level of any body of water. 

However, since standing crop is a measure of the quantity of 

phytoplankton at a given time, it is a static phenomenon. It 

may also be considered unsatisfactory, theoretically, since it 

measures the effects of biological production, not th e rate of 

nroduction (Vollenweid e r, 196qa). Gilmartin ( 1 964) clarified 

the situation in his definition o f standing crop: "an 

expression of the density of the nopulation resulting f rom a 

balance between the popula t ion' s r ro\Yth and depletion' ' . 

The total standing crop can be mislea d in g in comparing 

I 

~ 
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two areas where inputs and losses of energy are of different 

orders of magnitude (Walsh, 1969). In comparing the standing 

crop of bodies of water under varying environmental conditions, 

errors arise in the deductions. A lake, eutrophic in summer, 

may have in winter under ice cover, a standing crop that is 

similar to an oligotrophic lake which is not covered with ice 

(Vollenweider, 1969a). Consequently, s~asonal changes in the 

environment must be considered in determining the trophic state. 

Another inherent problem emerges in interpreting the 

trophic level from biomass. Biomass, as commomly measured, 

does not take into account the extent of the trophogenic layer 

where production takes place. Ideally, the productive layer 

should be determined by indirect methods, e.g., light gradients, 

and the biomass calculated within this layer. 

"The standing crop can be related to primary productivity 

and the trophic levels. Vollenweider (1969a)has endeavoured 

to quantify this re la tionship by extracting the following data 

from the literature: 

Trophic State of Lake 

ultra-oligotrophic 

meso trophic 

ultra-e utrophic 

3 3 
Planl~on _ Density (em /m ) 

< 1 

3-5 

7 1 0 

Rega rdless of the apparent problems, standing crop has 

proved a useful parameter to measure. Dav is (1964), in compiling 
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data on Lake Erie, found a consistent increase in the average 

phytoplankton concentration from 1923-1963, and interpreted it 

as evidence for eutrophication. Findenegg's (1965a) study of 

a series of oligotrophic to eutrophic lakes showed no general 

correlation between trophic level and standing crop (wet weight). 

However, three eutrophic lakes in his study did contain 

proportionately larger algal biomasses, and one eutrophic lake 

had a large algal population only in summer. He also concluded 

that in most cases there was an inverse correlation between 

standing crop and primary production (carbon assimilation). 

Holsinger (1955), in comparing the algal volumes of 

three Ceylon lakes noted that Beira Lake had 2 to 2t times more 

plankton in the summer months; its eutrophic state was 

attributed to the domestic drainage from city s l ums. In their 

review of the literature, Stra;kraba and Stralkrabov~ (1969) 

reported that eutrophication was the result of a substantial 

decrease in the water level of Lake Sevcn,in the Soviet Union, 

for irrigation and hy d ro-electric development. The phytoplankton 

standing crop had clouhled from 1947-1957. Anderson reviewed 

the change in th€' trophic nature of Lake \vas hin g ton, and during 

the l a te summer, he noted an increase in e pilimnic alg al volume 

of th e or tl e r of 2} to 3 times from 19 5 n - 19 56 ( F r u h e t ~. , 19 6 6) . 

An important \vork by Pavoni (1CH13) sho\ve cl t he fo l lo..,ling 

standing crops ( as mean volumes) for sev e n Swiss lakes of 

varyin~ trophic l evels: 
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ilrienzersee oligotrophic 5. 5 3 mm /em 2 

Thunersee II 3.0 

Walensee II 9.0 

Sempachersee eutrophic 6.0 

Zurichsee II 3.8 

llallwillersee II 13.8 

Pfaffikersee highly II 16.4 

Since these mean volumes include both the nanno- and the net 

plankton, this study is probably more significant than most 

works in this field. On the basis of this data, Vollenweider 

(1969a)concluded that the standing crop was not a definitive 

criterion in determining trophic levels since the mean volume 

for the Walensee was n o lower than those for the llallwillersee 

and the Pfaffikersee . It appears that the discrepancy in 

interpreting these data lies in the low volumes of the eutrophic 

Sempachersee and the zUrichsee. The field work was un d ertaken 

during the autumn so that a possible reason for this discrepancy 

may be related to environment a l conditions. Perhaps the 

thermocline of the two eutrophic lakes was not broken down, 

and the accumulating bottom nutrients were not recycled to the 

surface layers to increase phyto~lankton production. Pe rh a ps 

the d a t a should h a v e b ee n based on a nnual me a n volumes. 

Furthermore the e ffects of g razing are not consi dere d ; neither 

are the varying volumes of the epilimnion. Nevert h e l ess, it 

seems that an increasing st a nding cro p is not always indicativ e 

of progressive e utroph i cation. 

Th e nutrien t e nrichm e nt of s ome la k es do e s not necess a ri l y 

le a d to an equiv a l e nt incr ease in a lg a l p o pul a t i ons. Lund 
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(1969), in a comparison of seven English lakes and reservoirs, 

found that the state of eutrophication was not always evident 

from diatom abundance. He did recognize the fact that the 

Cyanophyceae were usually the most abundant algae in eutrophic 

waters, but that diatoms were indeed more relevant to 

eutrophication in British reservoirs. Findenegg in 1942, and 

Ruttner in 1937, reached the conclusion that the standing 

crop below a unit area in both oligotri'ohic and eutrophic lakes 

were of the same order of magnitude (Vollenweider, 1969a). 

The standing crop in estuaries is usually much higher 

than in the adjacent coastal waters, primarily because of the 

stabilization of the water column and the higher concentrations 

of nutrients (Hobson, 1966). Hcwever, estuaries can also be 

subject to factors which decrease production in the form o f 

inorganic industrial effluents and increased turbidity. 

A station located in a small estuary of Narragansett 

13 a y , 1:{ h o d e I s 1 an d , h a d a s t an d i n g c r o p a 1 d,m s t d o u b 1 e t h a t o f 

two stations located n ear the entrance to Block Island Sound. 

Its highly eutr ophic nature was attributed to exces.ive la nd 

drainage and the limited exchange of water between the estuary 

and th e bay proper (Smayda, 1957). Bas u et al. (1970) found 

that the standing crop (cell s / 1) was hi g h er for the unpolluted 

Matlah estuary than for the po l luted Hooghly estuary, India . 

These findi ngs can be explained on the basis of the detrimental 
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effects of toxic effluents from several industries situated 

along the Hooghly River. 

The annual standing stock of phytoplankton, as measured 

by chlorophyll concentration, in Bedford Basin, Nova Scotia 

is ten times that in nearby St. Margaret's Bay. A similar 

difference was also noted in the primary production rates. 

These d i screpancies are rel a ted to the higher nutrient 

concentrations in Bedford Basin, derived from the untreated 

sewage effluent from the Halifax area (Platt~ al., 1970). 

The standing crop, as indicated by chlorophy l l determinat i ons, 

has been used to measure the ex t e nt of eutrophication in t h e 

River Tyne, England (James and Head, 1970). It was found that 

the high nutrient supply, derived mainly from untreated sewage 

and runoff and concentrated in the river plume, supported a 

higher standing crop in this a rea th a n in the adjacent coast a l 

wat e rs. 

Braarud and Bursa (1939) and Braarud (1945) de monstrate d 

a definite di f ference between the pl a nkton concentrat ions inside 

Oslo !!arbour and in th e out e r p a rt o f th e F jo r d, e s pec i a lly 

dur i n g th e s umm e r months wh e n t h e rich popul a tions we r e r e co rde d 

ne a r th e c i ty. Th e diff e renc e was a ttri b uted to the f ertili z ing 

effect o f sewag e. 
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Indicator Species 

The quantitative increase in biomass, typical of incipient 

eutrophication, is "usually accompanied at the outset by a 

decrease in the number of species typical of oligotrophic waters 

and, simultaneously or subsequently, by the appearance of 

indicator species in the plant communities" (Vollenweider, 1969a). 

In using indicator species as a measure 6f the trophic 

level, it is imperative that the seasonal dominant species be 

determined. Thus,during a spring bloom, diatoms may be indicators, 

while during a late summer bloom, blue-greens usually predominate 

(Rawson, 1956). Rawson also suggested that the total number 

of cells in a sample may be less significant than the number 

of cells of a dominant species in th a t sample . 

. v-· .,. 

In small, wind-sheltered lakes that are subject to 

eutrophication certain blue-green algae will appear as the 

"bloom" species, since these species contain gas vacuoles 

enabling them to remain at the level of maximum light intensity. 

In those lakes subject to high winds, turbulence makes possible 

the development of heavier algae such as the di a toms, as the 

"bloom" speci e s ( Findcn egg , 1965a). 

For th e inner Oslo Fjord, Braarud (1 945 ) was reluctant 

to classify species according to their relationship to polluted 

water, partly because of the continuous supply of p hytoplankton 
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made possible by circulation. Stations located in polluted 

areas contained the same species as those in unpolluted areas, 

and also had predominant species which were typical of the 

open sea. He states ''how relatively unimportant the pollution 

factor is for the qualitative composition of the phytoplankton". 

Contrary to Kolkwitz and Marsson's (1908) freshwater classification 

according to which dinoflagellates are virtually all oligosaprobic, 

dinoflagellates in Oslo Fjord are relatively abundant in the 

polluted regions. 

Table I gives a list of some phytoplankton species 

which are indicators of trophic levels in various environments. 
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Table I. Examples of trophic indicator phytoplankton species, 

as selected by various authors. 
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LOCATION 

various locales, 
fresh-.;.rater 

various locales, 
freshwater 

Linsley Pond, 
Connecticutt 
Lake 1·Tindermere, 
England 

Blelham Tarn, 

OLIGOTROPHIC 

Staurastrum 
Tabellaria 
Cyclotella 
Dinobryon 

Queen Elizabeth II Reservoir, 
King George VI Reservoir, 
England 

Irish laughs 

Lough Neagh, Ireland 

Lake Constance 
Halensee 
Klopeiner 
other Swiss and 
Austrian lakes 

Lake Zurich, 
S-.;.ri tzerland 

Cyclotella 
Rhodomonas 
chryso::nonads 

PHYTOPLANKTON SPECIES 

MESOTROPHIC EUTROPHIC SOURCE 

Oscillatoria rubescens 
Anabaena spp. 
Aphanizomenon flos-aquae 
Microcystis aeruginosa 
Melosira sp. Sawyer, 1966 
Fragilaria sp. 
Stephanodiscus sp. 
Asterionella sp. 

Fragilaria crotonensis 

Melosira italica 
Asterionella formosa 
Asterionella 
Synedra 

Asterionella formosa 

Asterionella formosa 
Ceratium hirundinella 

Oscillatoria tenuis 
Gomphosphaeria sp. 
Anabaena 

Anabaena 
Microcyst is 
Oscillatoria 
Tabellaria 
Melosira 

Oscillatoria rubescens 

Vollenweider, 
1969 

Hasler, 1947 

Lund, 1969 

Round & Brook, 
1959 
Govn't N. 
Ireland, 1968 

Findenegg, 1965 

Pavoni, 1963 

(Cont'd) 

. # • ..--. , 
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TABLE I (Cont'd) 

LOCATION OLIGOTROPHIC 

PHYTOPLANKTON SPECIES 

MESOTROPHIC EUTROPHIC SOURCE 

700 Swedish lakes Tabellaria flocculosa Kirchneriella lunaris Fragilaria crotonensis 
v. pelagica chlorococcales Melosira granulata 

Alster Lake, 
Germany 

Dactylococcopsis 
ellipsoides 

desmids 

Lake Malaren, Italy 
western 
eastern Mougeotia sp. 

Lake Ontario 
central 

shore 

Lake Michigan 

Lake Michigan 
central 
shore 

Melosira islandica 
Asterionella fromosa 

Melosira islandica 

Teiling, 1955 

Aphanizomenon flos-aquae Caspers, 19b4 
Stephanodiscus hantzschii 

Oscillatoria tenuis 

Stephanodiscus tenuis 

Stephano~iscus hantzschii 
II 

Tabellaria 
Fragilaria 
Asterionella 

binder anus 

Willen, 1968 

Nalewajko,l966 

Gerstein, 1965 

Holland, 1968 
Melosira ambigua 

Asterionella formosa Fragilaria crotonensisMicrocystis flos-aquae 

western Canadian 
lakes 

Melosira islandica Ceratium hirundinella 
Tabellaria fenestrata Pediastrum boryanum 

11 flocculosa " duplex 
Dinobryon divergens Coelosphaerium 
Fragilaria capucina naegelianum 
Stephanodiscus Anabaena spp. 

niagarae Aphanizomenon flos-aquae 
Melosira granulata Microcystis aeruginosa 
Staurastrum spp. 

Rawson, 1956 

N 
\Jl 
I 

?... ::: ... ~.;i 

_.-·- \. 
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TABLE I (Cont'd) 

LOCATION 

Muir Lake, 
Alberta 

Ohio River 

lower Hudson River 

various locales, 
streams 

Lake Washington, 
'\-Tashington 

Lake Maggiore, 
Italy 

Indian lakes 

Potomac estuary 

Potomac estuary 

OLIGOTROPHIC 

Dinobryon 

Cryptomonas 
Chrysococcus 

PHYTOPLANKTON SPECIES 

MESOTROPHIC EUTROPHIC 

Microcystis ae~uginosa 
Aphanizomemon flos-aquae 

Euglena 
Trachelmonas 
Phacotus 

Tabellaria 
Lyngbya 
Oscillatoria 
Melosira 

Euglena 
Oscillatoria 

Oscillatoria rubescens 

Tabellaria fenestrate 
Oscillatoria rubescens 

Microcystis aeruginosa 

Microcystis aeruginosa 

Pediastrum 
Scenedesmus 
Ankistrodesmus 
Stephanodiscus 
Melosira 
Synedra 
Anabaena 
Nos toe 
Oscillatoria 

SOURCE 

Bozniak & 
Kennedy,l968 

Brinley, 1942 

Howells et al., 
1970 

Patrick, 1965 

Edmondson et 
al., 195b 

Bonomi et al., 
1968--

Singh, 1953 

Carpenter et 
al., 1969 

Shapiro & 
Ribeiro, 1965 

;:I 
;. ; j 

.. : ~-~ ~ :~-- )~:·~{! 

I 
r·.:> 
cr-. 
I 

,. .-·- ·'\. 
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TABLE I (Cont'd) 

LOCATION 

Oslo Fjord, 
Norway 

OLIGOTROPHIC 

PHYTOPLANKTON SPECIES 

MESOTROPHIC 

Nitzschia delicatissima 
Skeletonema costatum 
Pontosphaera huxleyi 
Ceratium f'usus 

" tripos 

EUTROPHIC 

Coccolithus huxleyi 

Eutreptia lanowi 

Peridinium trochoideum 

Ceratia 

Skeletonema costatum 
Chaetoceros wighamii 

Peridinium triquetrum 
Eutreptia lanowi 
Carteria sp. 
Chlamydomonas sp. 
Pontosphaera huxleyi 

SOURCE 

Braarud, 1957 

Braarud & 
Bursa, 1939 

Braarud, 1945 

Lavender,l918 

··::., .. ;.;.;!0\;J 

I 
~ 

-...J 
I 

/ ..,.-..... ·--\ · 



-2R-

DESCRIPTION OF THE INVESTIGATED AREAS 

St. John's Harbour 

This is a well-developed natural harbour (Figure 3), 

servicing a population of 86 290 1 in St. John's and 7,211 1 in 

Nount Pearl. On the north side of the harbour, just below 

Signal Hill, lies a small fishing community, the Lower Battery. 

Fish offal, dumped from about a dozen fishing stages located 

here, contributes to tne plant-nutrient supply of the harbour. 

Farther along the shore are a series of herthings and main 

docking areas. On the south side are the docks of four major 

oil companies. Boats, especially oil 

petrochemical pollution of tlu::harbour; 

~ . 

tankers, contibute to 

occasionally, the 

tankers are responsible for substantial oil slicks. Also 

of interest is the municipal, auxiliary, steam-generating 

plant, which uses harbour water as a coolant, and is therefore 

a possible source of thermal pollution. Additionally, on 

the south side of the harbour, washings from the salt fish-

processing plant flow into the harbour, although the offal 

is trucked away from the plant. 

Effluents from minor processing operations, such as 

secondary wood-processing, animal feed-processing and steel-

manufacturing feed into the Waterford River, which flows into 

1. 1971 census 
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Figure 3. Map of St. John's Harbour showing depth (m) 

and location of sampling stations. 
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the inner end of the harbour. Brewing and margarine-

manufacturing effluents feed into the city storm sewers, 

and thence directly into the harbour. 

The major source of organic pollution, which is of 

central concern here, is the runoff of untreated human waste 

and storm sewage directly into the harbour. 

The drainage area of St. John's Harbour includes 

two geological formations of the Cabot Group deposited in \; 

late PreCambrian (Rose, 1952). The St. John's Formation 

stretches along the north side of the harbour to the bottom 

of Signal Hill, and is composed mainly of blac k slate and 

argillite. The Signal Hill Formation extends along the south 

\ 
\ 

shore and both sides of the ~arrows. There are three transitional 

beds of sedimentary rocks here: grey-green sandstone with 

weathered brown surfaces, red sandstone most prominant along 

the steep cliffs of the Narrows, and red conglomerate with 

mauve-colored, weathered surfaces. 

Characteristic of the eastern coastline is the semi-

parallel arrangement o f the faults and folds in a north and 

northeasterly patt er n. Of less significance is a perpendicular 

stress pattern from the north-west . At St. John's Harbour 

a n o r t h e r 1 y f a u 1 t e x i s t s \v h i c h f o ll o \ -1 s t h e c o as t 1 i n e o n b o t h 

sides of th e harbour within the Signal !!ill Fo rma tion. Also, 

there are two north-west fa ult planes: o n e originating at 

~ 
~ 
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the junction of the two formations at the edge of the harbour; 

the other about a mile up the Waterford River. 

On the north side of the Narrows, Signal Hill rises 

to an elevation of 500 feet (152m), while along the south side, 

the South Side Hills rise to 650 feet (198m), but with a more 

gradual slope. Apparently this difference in height is the 

result of a glacier moving inland and scraping off the top 

of Signal Hill, leaving boulder erratics and creating a sheer 

cliff, while few evidences of glaciation are apparent on the 

opposite side. 

The Waterford River is the only large, overground river 

flowing into the harbour. The glacial-formed ponds on both 

Signal Hill and the South Side Hills do not drain into the 

harbour; the ponds in St. John's proper are within the Quidi 

Vidi watershed. 

The entrance of the harbour faces to the south-east, but 

bends due west about half-way in. The length of the harbour 

from the one foot (.30m) wat e r mark is 3178m (1.9mi); its 

widest section is 69lm (.43mi). The g reatest depth, 29.6m 

(16.2 fathoms), is found in the middle of this section; 

Station No. 1 is located here. Outside the main basin, in the 

Narrows, the depth decreases to 11m (6 fathoms). Thus the 

Narrows constitutes a sill for the h ar bour proper. Just inside 

th e harbour entrance is anothe r smaller basin with a width o f 

·.~ 
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436m (.27mi) and a depth of 28.3m (15.5 fathoms). Station 
shore 

No . 2 is located here, but lies closer to the southern/where 

the depth is 26.8m (14.7 fathoms). 

The mean tide range is .85m (2.8ft) and the large tide 

range is 1.5m (5.lft). 

Originally, raw sewage flowed into ditches and open 

streams which emptied into several coves along the waterfront. 

In the 1880's and 1890's, domestic plumbing was introduced, 

and some of the streams were diverted underground into sewer 

mains. Gradually a sewage collecting system was constructed 

and over the years it has come to consist of two main outlets 

for sanitary and storm sewage. The system in the northern and 

eastern sections of th e city drains into a large holding tank 

at Job's Cove. Drainage from the central and western sections 

of the city, as well as from Mount Pearl, flows into another 

holding area at Beck's Cove. Here a pumping station diverts 

the sewage to Job's Cov e , where it is periodically r e leased 

into the harbour. Futur e plans include the construction of a 

new holding tank a t Maggotty Cove from where a ll St. John's and 

Mount Pearl sewage would be pumped to a treatment plant at the 

head of Quidi 7idi Lake, thence into pipe l i n es leading out 

through Quidi Vidi Gut. This would g r ea tly reduc e th e load 

on S t. John's Ha rbour. 

A history of dred g ing in the harbour dates back to the 

, 
\ 
\ 
\ 
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late 1880's. From 1956-1965, the Harbour Development Board, 

under the auspices of the Federal Department of Public Works, 

undertook extensive dre4ging at the head of the harbour and 

along the no~thern waterfront in the construction of piers. 

The bottom of the harbour is covered with sludge deposits, and 

presumably, in the central basin, these were not removed during 

dredging. No dredging was carried out during the course of 

this study. 

Aquaforte Harbour 

Being relatively unpolluted, Aquaforte Harbour (Figure 

4) was chosen as an area for comparison in this study. It 

is located approxima tely sixty miles (97 kilometers) south 

of St. John's Harbour on the eastern coastline (referred to 

as the "Southern Shore"). Its population of 206
2
lies along 

the inner half of the northern shore. All the fishing stages 

are located within a small g ut at the head of t he harbour. 

This is an area of relative stagnancy; consequently, any 

enrichment would be concentrated along this section of shore. 

The shores of the ha rbour a r e a series of sandy beaches 

hidden among twenty foot high cliffs. In Recent times these 

cliffs had been marine beaches (Rose, 1952). Most of the ha rbour 

2. 1966 census 

~ ~o~-~ ~~ 
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Figure 4. Map of Aquaforte Harbour showing depth (m) 

and location of the sampling station. 
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'. :·.~·:f(:· 
lies within the ''Torbay slate" section of the Conception 

,. 
Group, characterised by mid-PreCambrian green sandstone, 

siltstone, slate, quartzite and conglomerate. However, the 

headlands at the harbour entrance are part of the St. John's 

Formation, already mentioned. 

The hills on either side of the harbour are relatively 

steep, but are lower than those at St. John's Harbour, having 

an elevation of approximately 300 feet (9lm). Two main rivers 

flow into the harbour: Aquaforte River located at the head 

of the harbour, and an unnamed river located halfway along the 

northern shore. At the mouth of the latter is a twenty foot 

falls. The sampling station is situated across from this falls, 

but closer to the southern shore away from the influence of 

fresh water. A small stream, Northeast Arm, also enters the 

harbour near Aquaforte River. 

At Aquaforte Harbour t h ere is a typical northeast f ault 

plane crossing the mouth of Aqua f orte River. Perpendicular 

to this in a north - west direction a r e two add i tiona l faults 

f ollowin g th e b e d s of t h e two mai n r i vers. 

Th e entrance of the h arbour f a ce s to th e southeast. 

Th e harbour itself is str a i g ht a n d r ela tiv e ly n a rrow; th e 

l e n g th f rom the on e fo ot (.30m) tidal ma rk is 57 1 Sm ( 3 . Smi ), 

a nd th e wi d t h is 1 0 22m (. 6 3 mi). The grea t es t d ep th , 2 3.8rn 

I 
~ 
\BI 



(13 fathoms), is found in the centre of the harbour. Uowever, 

towards the entrance there is a gradual increase in depth to 

27.4m (15 fathoms). There is no rill at the entrance so the 

water circulates freely. 

The mean tide range is l.Olm (3.3 ft) and the large 

tide ranAe is 1.55m (5.1 ft) . 

. · .. ; 
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MATERIALS AND METHODS 

Field Work 

Two stations were sampled in St. John's Harbour: one 

in the middle of a sighting from Steers Wharf and the Royal 

Canadian Navy Hharf, 47° 34' 00" N 52°41' 45" W; the other 

on the south side of the Narrows just off South Bight, 

47° 33' 50" N 52° 41' 55" W(Figure 3). The station in Aquaforte 

Harbour was situated off the southern shore across from the 

falls at 47°00' 10" N 52° 55' 40" W (Figure 4). 

Monthly field trips were made from June, 1969 to 

August, 1970. However, from December to April no field trips 

could be made to Aquaforte Harbour because boats were not 

available during the winter months. Nevertheless,samples were 

taken from St. John's Harbour in February and March, but only 

the physical data were analysed since no comparable biological 

data was obtained from Aquaforte Harbour. Both areas were 

visited as close together in time as possible, usually within 

two days, occasionally within three. 

Water samples were taken from four depths: surface, 

5, 10 and 22 meters. Using a 3 liter Kemmerer sampler and later 

a 2 liter Nansen bottle, subsamples for salinity, for oxygen 

and for biological analysis were taken from each depth. 

Temperature was measured with a thermistor from a YSI 51 

oxygen meter at the above depths. On one occasion the Hartek 

/ 
):. 
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UOA meter was used to measure temperature and salinity, but 

the salinity readings were not as accurate as those from the 

titration method. Th~se salinity recordings were taken during 

the winter months when the salinity was fairly uniform at all 

depths; the meter did not distinguish small differences in 

salinities. Secchi disc readings were also taken at all stations. 

Horizontal surface tows with a #20 plankton net (pore size,76p) 

were taken at each location. 

Laboratory Analysis 

Oxygen 

Water samples for oxygen, taken in ground-glass-stoppered 

bottles and preserved in the field with manganese sulfate 

and potassium hydroxide, were analysed by a simplified Winkler 

method, as outlined in Welsh and Smith (1949) and the U.S. 

Navy Hydrographic Office Publication No. 607 (1955). The 

Alsterberg modification, the addition of sodium azide to the 

alkaline hydroxide, was used, as recommended in the American 

Public Health Association (1955), for waters high in organic 

matter. Titrations were carried out within 24 -4 8 hours after 

collection. The percentage saturation of oxygen was determined 

from Richards and Corwin's (1956) nomogram of oxygen solubility 

as a function of temperature and salinity. 

Salinity 

Salinities were determined by a simplified silver nitrate 

(1-Iohr modification), as outlined in Welsh and Smith (19 49) · 

I 
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Initially, a five gallon sea water sample was taken from the 

running sea water system at the Marine Sciences Research 

Laboratory (MSRL), Logy Hay, and this was standardized against 

Eau de Mer Normale, 18.374°/oo chlorinity. The MSRL sample 

was then used as a secondary standard. 

Secchi disc 

Using the depths determined in the field, the extinction 

coefficient of visible radiation was calculated using Poole 

and Atkins' (1929) equation. 

Phytoplankton 

Phytoplankton samples were fixed with Lugol's solution 

(KI, 2g; distilled water, lOOml), to which lOml of 

glacial acetic acid was added. This method of fixing was 

especially good for preserving the flagella and the shape of the 

nonsiliceous species. On one occasion an aqueous solution of 

Merthiolate and sodium borate (Weber, 1968) was used in an 

attempt to better preserve the internal structure of the cells. 

The internal structures, especially the chloroplasts, of the 

diatoms and the armoured dinoflagellates were clearly visible. 

However, the technique may not have preserved the unarmoured 

dinoflagellates, because too few of these were found. One 

distinct disadvantage of using the Lugol's solution is that 

coccoliths dissolve in the acetic acid. 

Plankton samples were analysed as outlined in Lund, 
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Ki~ling and LeCren (1957) with the following minor modifications. 

Concentration of the plankton was carried b 1 out y sett ing in 

Utermohl's chambers. Because of the paucity of phytoplankton, 

it was usually necessary to use t~o lOOml chambers. Even 

then plankton concentrations were not high enough to give 

statistically valid results. Therefore the procedure was 

altered to carry out settling in 500ml graduated cylinders, 

and approximately 350 to 450ml of the 500ml biological sub­

sample was actually counted. Most of the previously-counted 

phytoplankton samples were recounted. After settling for 

a minimum period of four days, the supernatant was siphoned 

off at a rate of 30m! per minute. The sample was then resettled 

in 25m! Uterm~hl chambers and examined under a Zeiss UPL 

inverted microscope. The phytoplankters were analysed both 

quantitatively and qualitatively. Identification in many 

cases was possible only to the genus level. Further identification 

was impossible without becoming involved in the preparation 

of high refractive index mounts, enrichment-culturing and 

electron microscopy. 

Diatoms were identified using Lebour (1930), Huber-

Pestalozzi (1942), Cleve-Euler (1951), Hendey (1964), Patrick 

and Reimer (1966), and Saunders and Glenn (1969). Dinoflagellates 

were identified using Paulsen (1908) Kofoid and Swezy (1921), 

Lebour (1925), Huber-Pestalozzi (1966), and Ste i di n ~e r and 

Williams (1970). The public a tions of Taylo r ( 1~ 33 ; 1 ~ 3~) , 

llub e r-Pestalozzi (1941; 1961), Smith (1 95 0), Davis ~ l ·l:' ) ). 
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Tr~gouboff and Rose (1957), Massuti and Margalef (1960), 

..... · •· 
Griffith (1961), Prescott (1961), Brunel (1962), Tsumura (1963), 

and Wood and Lutes (1967) were used for general identification. 

Quantitative analysis of samples included the counting 

of individual species in a predetermined area on the surface 

of the chamber depending on their size and concentration. 

Where possible, the area was determined when approximately 

100 cells were tallied; this has an accuracy of 20% (Lund, 

Kipling and LeCren, 1957; Uehlinger, 1964). Individual cells 

were counted in chain-forming colonies. Biomass was calculated 

by first measuring the dimensions of usually 25 random cells 

(Holmes~!. .!!..!.·• 1969) of a species, and then determining the 

mean cell volume by assuming equivalent geometric shapes charac-

teristic of the species. 

The cell volume was determined for each species at 

each depth and the mean cell volume for each location at each 

month was calculated. The mean cell volumes of five months 

data in 1969 were then analysed for significant differences 

in size, by calculating the F-statistic of a one-way analysis 

of variance. When the F-test showed no significant difference 

in cell volumes for e a ch station, the mean of the means of 

all of the cell volumes was used in determining the biomass for 

1969 and 1970. Wh e n th e F-t e st showed a signi f icant diff e rence 

in size, the mean of the means of the cell volumes for the 

summe r stations of 1969 was projected for the 1970 stations. 

Since the 1970 phytoplankton were primarily summer form s , it I 

~ 
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was assumed that the mean cell volumes from the summer of 

1969 could be projected for the following year. Species, 

infrequently observed, and those observed for the first time, 

were continuously measured throughout 1970. 

r· 
Phy top lank ton biomass and oxygen de te,.mina tions were 

calculated under a square decimeter of surface area for a 

column 22m in depth, assuming that no photosynthesis occurred 

below that depth in St. John's Harbour, and that at Aquaforte 

Harbour the maximum depth was only 23m. The equation used was 

as follows: 

Biomass = (Al + A
2 

. d 1 ) + (A
2 

+ A3 . d 2 ) + (A 3 + A4 • d 3 ) 

2 2 2 

where: 

A
1

, A
2

, A
3 

and A
4 

are the biomasses at depths O, 5, 

10 and 22 meters respectively; 

and, 

dl is the depth between Al and A2 ; SOdm 

d2 is the depth between A2 and A3; SOdm 

d3 is the depth betwe e n A3 and A4 ; 120dm. 

~ 
\ 
\ 
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RESULTS 

Salinity 

Monthly salinity determinations were made from June 

to November, 1969 and from May to August, 1970 for all three 

stations. Additionally, determinations were made on February 

and March samples from St. John's Harbour (Figures 5,6 and 7; 

Table II). 

Comparing the data from the two harbours, the station 

at Aquaforte had i1igher salinities than either station at 

St. John's. Of the two St. John's Harbour stations, No. 2 

generally had higher salinities at the upper depths. At 22m , 

the highest salinities were recorded at No. 1. The salinities 

generally ranged from 31.00 to 32.70°/oo, increasing gradually 

with depth at all stations. 

Especially low surface salinities were recorded at 

the two stations in St. John's Harbour in September: 26.54 

0 
and 27 .44 /oo; and in February: 20.76 and 27 .13°/oo. These 

low surface salinities were also recorded at all s tations in 

Hovember: 24.47 and 26.00°/oo at St . John's and 23 .53°/oo 

at Aquaforte. 

Some semblance of seasonal variation in salinity was 

tiiscernable. In 19 69 , the hi g h es t saliniti es a t all thr ee 

I 
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Figure 5. Seasonal variation in the salinity at the four 

sampling depths at Station 1, St. John's Harbour. 
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Figure 6. Seasonal variation in salinity at the four sampli ng 

depths at Station 2 (the "Narrows"), St. John's Harbour. 
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Figure 7. Seasonal variation in salinity at the four samp l ing 

depths at Aquaforte Harbour. 
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Table II. Salinity data for St. John's Harbour and Aquafortc Harbour. 
196 ':1 1970 

ahTERS JL~ JUL AUG SiP OCT ;~ov FEJ.'. :·IAR i·1AY JU l'i JUL AuG - ---- - ----- -------- ---
Station 1, St. John's liarbou r 

0 30.6 l> 31.92 31.2 3 26.54 30.06 24.47 20.76 28.95 Jl. 04 29.56 30.42 30. 73 

5 31.79 32.08 31.41 30. 8 7 30.98 30.06 31.4 4 31.32 31.18 30.82 30.96 31.10 

10 32.15 32.34 31.80 31. 6 S 31.2 3 30.46 31.84 31.94 31. 79 31.58 31.48 31. 27 

22 32.36 32.67 32.46 32.18 31.58 30.58 32.18 32. 17 32.13 31.94 32 .17 32. 41 

- - ------------------ --------------
Station 2, st. John's harbour 

0 31 . 25 31.9 2 31.13 27.44 -· 26.00 2 7.13 29.45 31.06 31.34 31.10 30. 00 

5 31.72 31.96 31.63 31. 17 - 29.37 31.58 31.68 31.41 31.44 31.44 31. 13 

10 31 . 96 32.36 31. 7 2 31.29 - 2 y . 4 7 31. 86 31.94 31.81 31.49 31.53 31.25 

22 32 . 25 32.67 31.9 4 31.41 - 29.80 31.92 31.87 31.94 31.58 31.61 31.63 I 
.I:-
-..J - - - ------------- -- - ---· -----------· I 

Aquaforte Harbour 

0 31 . 89 31.94 31.58 31.11 31.06 23.53 - - 31.60 31.22 31.99 31.27 

5 32. 17 32.05 31.75 31.18 31. 15 30.66 - - 31.64 32.01 32.20 31. 55 

10 32.27 32.41 31.89 31.36 31.29 30.91 - - J l. 9 '• 32 .18 32.48 31. 70 

22 32.49 32.68 32.60 31.46 31.41 31.06 - - 32.18 32.34 32.68 31. 89 

--- ---------- ----- - - ------ - - ----- -·- --- -- · 

_.y· 
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stations were recorded in July. This was followed by a 

continuous decrease until ~ovember when the lowest salinities 

were recorded. In 1970, no consistent pattern developed 

for all three stations . At Aquaforte Harbour the salinity 

increased, as in 1969, to a maximum in July. At St. John's 

·.·.: Harbour another rise in salinity was noted in l'!arcll; the 

summer maxima were more irregular, occurring in July and 

August at Station 1, and in June and July at Station 2. 

Temperature 

Water temperatures were taken at five depths at all 
. ,. ' 

· "."-: 
stations in the summer and fall of 1969 and the spring and 

summer of 1970(Figurc 8 and Table III). Data for the t\vo 

stations in St. John's Harbour were supplemented by temperatures 

recorded in t he h o 1 ding tank at t l1 e H S R L , Logy Bay (note 

dott ed line in A and 8 of Figure 8). An analysis of the 

laboratory temperatures showed that they were roughly comparable 

to those of the open harbour. 

ln comparing thos e months \vhich we r e sampled in both 

years, the water temp erat ur es rose higher in 1 9 7 0 than in 

the previous y ear ; thi s wa s especially evident in the surface 

\vaters of St. John's Harbour where the difference was greate r 

th a n two de g rees in August o f the two years. Ge n e r al l y , 

-
I 

~ 



Figure 8. Seasonal variation in temperature at fives depths 

at 

A. Station 1, St. John's Harbour 
p~-· 

B. Station 2 (the "Narrows"), S f";·--J ohn's Harbour 

C. Aquaforte Harbour. 
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Table III. Tempe r a t u r e data f or S t. J o hn 's Har b ou r and Aquafo r te Harbou r. 

Station 1, st. Joh n ' s Ha rb ou r 
1 969 10.70 

:•!ETERS JUN J UN J UL AUG SEP OCT NOV FEB HAR HAY JUN JUL AUG 

0 4. 5 8.2 . 9 . 3 10. 9 10 . 5 8 . 5 6 . 1 0 . 3 0. 5 4.0 7.0 8 . 8 13 . 0 

5 2.3 5.8 8 . 0 10 . 6 9 . 2 8 . 9 5 . 3 0 . 2 - 1. 0 2. 7 5. 6 8 . 5 10 . 8 

10 2 . 0 3.0 7. 0 8. 7 6 . 1 8 . 8 5 . 2 0.2 -1.0 2 . 5 4 .2 7 . 0 9.8 

15 ] . 5 2 . 3 4 . 0 7 . 1 5. 3 8 . 6 5 . 2 0 . 0 - 1.0 1.5 2 . 8 1.2 6 . 3 

2 2 1. 0 2 . 0 1. 8 3.0 4 . 0 3 . 0 5.1 0 . 0 - 1. 5 0.5 1.5 1.0 2 . 0 

Sta t ion 2 , St. J ohn ' s Ha rb ou r 
I 

\.J1 

0 3. 5 7 . 2 9 . 9 11. 1 10 . 9 - 6 . 3 0.2 0 . 5 3 . 5 7 . 4 8.8 1 3.1 :::> 
I 

5 1.8 5 . 1 9.6 10 . 1 9 . 9 - 6 . 2 0.2 -1. 0 2 . 3 7 . 0 8 . 2 10.4 

10 1.5 4.2 9 . 3 9.8 9. 2 - 6.2 0.1 -1.0 1.5 6 . 7 8 . 0 9 . 8 

15 1.2 2.8 8.8 9.0 8 . 4 - 6.1 0 . 0 - 1.0 1.3 6 . 0 7 . 6 8 . 3 

22 1.0 2. 1 8 . 0 8 . 5 7 . 7 - 6.0 0 . 0 -1. 5 0 . 9 5 . 8 5 . 8 6.5 

Aq u a forte I! a 1: b our 

0 - 4.2 6.0 10 . 7 11.4 8 . 0 7 . 1 - - 2.1 4.3 3.0 11.2 

5 - 4.0 5 . 5 9.8 11 . 3 7 . 9 5. 7 - - 1.9 2.1 2.7 10 . 3 

1 0 - 3.0 2 . 2 8 . 9 11. 2 7 . 7 5 . 6 - - 1. 4 1.3 1.6 9 . 1 

15 - 1.5 1.0 5 . 8 11.0 7 . 5 5 . 4 - - 1.3 1.0 1.0 8.8 

22 - 1.0 0.1 1.1 10.8 7. 0 5 . 2 - - 0 . 9 0 . 3 0 . 2 7. 3 

._./ '\ 
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temperatures in St. John's Harbour were higher than those 

iu Aquafurte Harbour; the exceptions were in September and 

November. Station 2 in St. John's Harbour usually had higher 

temperatures at all depths than Station 1. 

The lowest surface temperatures were recorded in 

February at both of the St. John's stations: 0.2 C and 0.3 C. 

Otherwise, the lowest temperatures were recorded i n Ma rch; 

at 22m, the reading was -1.5 Cat the two stations. The 

highest temperatures at St. John's Harbour were recorded in 

August of both years. In 1970, the surface readings at the 

two stations were 13.0 and 13.1 C. In contrast, the highest 

temperatures at Aquaforte Harbour were r e corded in September, 

1969 when the surface reading was 11.4 C. 

During the spring and summer, the temperatur e of th e 

bottom wat ers did not arise above 2 C, and usually was consider-

ably lower. Such low temperatures can sometimes be associated 

with the stabilization of the water column and the possible 

establishment of the thermocline. Uniform temperatures 

throughout th e water column were not observed until October 

at Station 1, St. John' s Barbour, and until September at 

Aquaforte Harbour. However, at Station 2, St. John's Harbour 

a g reat increase in bottom temperatures occurred as early as 

July. It was also observed th at the 1vaters of St . John's 

Harbour tended to warm up and cool off more quickly th an those 

of Aquaforte Harbour. 

-
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A thermocline was established at Station 1, St. John's 

~arbour in July, 1970 between 11 and 14m (Figure 9). At 

Station 2, there was no stabilization of the water column. 

At Aquaforte Harbour, the thermocline occurred in August, 1969 

between 15 and 19m (Figure 9). 

Oxygen 

Ten monthly samples, collected in St. John's Harbour, 

from four deptns, in tile fall of 1969 and in the spring and 

•:: summer of 1970, were analysed for oxygen content (Figures 10 

and 11; Table IV). 

Nost significant in the samples taken at Station 1 

was the decrease in oxygen concentrations at 22m. This occurred 

in all months except ~ovember and July, 197 0 , and was most 

prominent in August and October, 1969. A comparison of the 

10 and 22m readings shows a decrease from 5.88 to 3.72 ml/1 

in August, 1969, and from 6.61 to 3.42 ml/1 in October, 1969. 

'f It e c o r r c s p o n d i n g p e r c e n t a g e ox y g e n s a t u r a t i on s a t 2 2m f o r 

tile t\vO months \v e re 50 and 52%, r e spectively ( Table IV). 

The breakuown of the bottom oxygen minimum layer in 

~ovember is of consiLlerablc importance because it suggests 

a fl u shing actio n in th e harbour during the late fall. In 

fact, th e bottom layer was supersatur a ted \vith oxygen (104 i~ ). 

The saturation values at 22t:l rem ai ned relatively high throu gho ut 

/ 

I 
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Figure 9. Temperature profiles showing thermoclines in 

August, 1969 at Aquaforte Harbour, and in 

July, 1970 at Station 1, St. John's !!arbour. 
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Figure 10. Oxygen profiles at the three sampling stations 

in 1969. 

, .. . 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 



m . 
' 
. 

. :: 

· ~. 

E 
~ .. 
Q. • "a 15 

E 
~ 

Q. .. 
'0 15 

mi0,/1 

AUG ,1969 

mi0,/1 

mi0,/1 
• 0 

·~ SEPT 

E 
~ 

Q. • "a 

l 
mi0,/ 1 

c 

.t::. -Q. 

• 
"a 15 



-55-

Figure 11. Oxygen profiles at the three sampling stations 

in 1970. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 



-
~ . .... 

I 

MAY 

E 
~ 

a. • 

ml0,11 
c 

~ .. 
Q, 

"0 1S 
II 
"0 1S 

10 

mi0,/1 

•r-----T-----~·----~·~.-~~,----

JULY 

E 
~ a. • "0 1S 

JUNE 

mi0,/1 
c 

mi0,/1 

• -,--

r 
___ _,_ ___ ... ___ • • 

~·· 

AUG,1970 \) 



'L ·!) · ·.· -·:·· .. -. >~~ 

'l'ab 1e IV. Oxygen data in m1/1 and percentage saturation [determined from Richard~; 

and Convin' s (1956) nomogram] for St. John's Harbour and Aquaforte Harbour. 

1969 1970 
nJ AUG SEP OCT ;wv FEB :·IAR HAY JUN JUL A UG 

Station 1, st. John's Harbour 

0 m;/1 5.55 4.49 6.31 6.05 7. 7 5 7.65 7.60 6.17 6 .50 6.18 
lo 90.0 69.3 95.8 83 .7 89.8 94. 7 104.1 90.2 9 9. 7 104.2 

_ 1n1 I 1 5.68 5.90 6. 7 6 6.40 8.02 8.29 7.95 6.71 6.82 6.09 
) <: 91.5 91.8 104.5 90.1 100.0 100.0* 105.6 95.5 104.3 98.4 lo 

10 m1/1 5.88 5.93 6.61 7.22 8.22 8.54 7.95 7. 08 6.68 6.23 
X 91.0 8 6.2 102.0 101.8 102.8 103.5* 105.6 9 7. 7 96.4 98.3 

22 
m1/1 3.72 4.23 3.42 7. 3 7 7.90 7.93 6.39 5.94 7.20 5.53 

% 50.3 58.5 51.9 103.H 98.5 95.0* 80.7 76.7 92.1 72.7 

Station 2, st. John's Harbour I 
VI 
::;"\ 

0 
m1/1 6.01 5.01 7.49 8.40 8.23 8.03 7.11 6. 7 6 5.89 

I -
% 9 7. 7 79.0 - 105.1 101.5 102.1 108.7 106.3 104.2 99 .5 

5 
m1/1 6.89 6 .74 - 7. 57 8 .34 8.75 7.98 7. OS 6.88 6.52 

~~ 109.9 106.7 - 108.3 104.0 105.8* 105.0 104.4 104.7 104.3 

10 mi/1 7.11 6. 77 - 7. 57 8.49 8. 7 2 8.21 7.17 7.13 6.60 
112.5 105.8 - 108.5 105.9 105.7* 106.1 105.4 108.2 104.3 

22 mi/1 7.38 6.94 - 7. 4 6 8.43 8.75 8.58 7 .17 6.88 7.14 
113.9 104.5 - 106.6 104.9 104.5* 109.3 10 3. 3 99.1 104.5 

Aq~aforte Harbour 

0 m~/1 6.80 6.68 7.45 7.69 - - 8.95 8.11 8.50 7.00 
109.9 109.0 112.7 108.3 - - 117.3 112.2 114.4 114.2 

5 
m1/1 7.01 6.74 7.54 7.63 - - 8.55 8.20 8.35 7 .31 

% 110.9 110.0 113.9 108.7 - - 111.5 107.9 111.6 117.3 

10 m1/1 7.13 6.74 7.63 7.60 - - 8.61 8.37 8.53 6.23 
% 110.9 110.0 114.9 108.3 - - 111.1 108.0 111.1 97.2 

22 m1/1 8.11 6. 70 7. 8 7 7.54 - - 8.72 8.54 8.53 6.29 
% 104.5 108.6 116.6 106 .5 - - 111.4 107.6 107 .3 94.2 

---· 
* approximate values 

~ ' 
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february and March, not falling below 95%. Ho\vever, by 

february a decrease from the 10m reading was again recorded 

at 22m, from 8.22 to 7.90 ml/1. 

Only one month, August, 1970, showed a proportionately 

lligl1er oxygen reading at thl:! surface: 6.18 ml/ 1 compared with 

6.09 ml/1 at Sm. In May and August, 1970, oxygen supersaturation 

values were observed at the surface. 

Station 2 was sampled at the same time as Station l, but 

no October samples were taken. Slight decreases in oxygen 

readings at 22m were found in November, 1969 and in February 

and July, 1970, indicating a layer of relative stagnancy near 

the bottom. Ho\~Tever, these data arc not as significant as 

those at Station 1; in two of these three months the \.Jater 

at 22m \vas supersaturated (107 and 105 /~ ), and in the other monti1 

almost completely saturated (99%). 

Proportionately higher oxy ge n concentrations were found 

at the surface in F e bruary, Hay and June, 1970. However, these 

differences \..rere not great when compared with the values for 

Sm: 8.40 ml/l compared with 8.34 ml/1 in February, 8 .0 3 ml/1 

a nd 7.9 8 ml/1, respectively in Hay, and 7.11 ml/l and 7.05 ml/1, 

respective ly in June . Only l·lay il!ld June had slightly higher 

surface oxy ge n saturation values: 109 % compared with 105 % for 
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Hay, and 106% compared with 104 % for June. Only in August and 

September, 1969 was the surface water not supersaturated with 

oxygen. 

ln Aquaforte Harbour, ei g ht monthly samples were 

collected in th e fall of 1969 and in the summer of 1970. In 

some months a regular pattern of oxygen concentrations (ml/1), 

s how in g a s t e ad y inc rea s e in ox y g en w i t . t h de p t h , was d is cern a b 1 e • 

Deviations from this pattern occurred when a sli g ht oxygen 

minimum layer was noted at 22m in September and November, 1969, 

with a decrease of 0.04 ml/1 in one case and of 0 .06 ml/1 in 

the oth e r. In August, 1970 t h ere was a decrease in oxygen a t 

botl1 10 a nd 22m. \~hen the percent a ge saturation o f oxygen \vas 

calcul a ted, low oxygen values occurred at both 1 0 and 22m at 

all months except October and May. 

In Hay a nd July, 1970, o x y ge n concentra tions a t the 

s ur f ac e we r e consid e r a bly hi g her than those at Sm : 8.9 5 ml/1 

co mp a red wit h 3 .5 5 ml/1 in ;.la y , a nd 8.50 ml/1 compared with 

o .J5 ml/1 in July. Hith re g ard to th e c a l c ula t ions o f perc e ntag e 

saturations, Ma y June a nd July s howed th e f o llowi n g hi g h e r 

conc e ntra tions a t the s ur face : 117 % compar e d with 1 1 2 % f or May, 

1 1 2 % co mp a r e d \vith 10 8% fo r Jun e , a nd 114 /~ compar e d with 112 % 

f or July. 

In comp ari n g th e thr ee lo c atio n s , th e r e is g e n era lly a 
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progressive decrease in oxygen concentrations from Aquaforte 

Harbour to Station 2, St. John's Harbour, and to Station 1, 

St. John's Harbour. At 22m, the low oxygen concentrations are 

quite distinct at Station 1, while supersaturation seems more 

prevalent at Aquaforte. In addition, based on ml o
2

11 , the 

0~ Aquaforte values, which have a steady increase in oxygen with 
··:.: 

depth, appear to indicate the most stable water column. 

The highest concentrations of oxygen in ml/1 at Station 
•·.·: 
•: .·.·. 1 and 2 were in March , and at Aquaforte in May; the lowest 

concentrations for the three stations were August, 1969, August, 
.•: 

1970, and September, 1969/August, 1970, respectively. When 

the percentage saturation of oxygen was determined, the 

highest concentrations at Station 1, Station 2 and Aquaforte 

occurred in May, August, 1969 and October/August, 1970, 

respectively; the lowest concentrations were in September, 

Au g ust, 1970 and Novemb e r/August , 1969, resp ecti v ely . Thus the 

t\vo methods of expressing oxy gen concentrations did not give 

comparable results. Theoretically, the percentag e saturation 

of oxygen would appear to give a better estimate of water 

conditions, since the solubility of oxyg e n in sea water is 

corrected for temperature. 

--
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Table v. Sec chi disc depths and equivalent extinction 

coefficients in st. John's Harbour and Aquaforte Harbour. 

<~i 
·:.::t 

~:w 
. ~n. 

1969 1970 
JUN JUL AUG SEP OCT NOV FEB MAR MAY JUN JUL AUG 

·. :··;::. 

\:~ Station 1, St. John's Harbour 
·.·:::: 

depth (m) 4 3 2.5 5 1 2 4 5 3.5 3 3.5 
extinction 

coefficient .43 .57 .68 .34 l. 70 .85 .43 .34 .49 .57 .49 

Station 2, St. John's Harbour 

depth (m) 12 4.5 6 3 4 8 5 ?19 6 5 

extinction 

coefficient .14 .38 .28 .57 .43 .21 .28 <.09 .28 .34 

Aquaforte Harbour 

depth (m) ?19 9 8 8 13 19 719 10 

extinction 
.:•., .· 

. ' : coefficient <.09 .19 .21 .21 .13 . 09 <.09 .17 

' 

Secchi disc 

Secclli disc readin r.s were taken on most of the field 

trips. uoth the depths at which the disc disappeared from 

v i e w a n d t h e e x t i n c t i o n c o e f f i c i e n t s ~~ e r e r e c o r d e d ( Tab 1 e V ) • 

These data show that the water at Station 1, St. John's Harbour 

tended, throughout the year, to be more turbid than at the 

other two stations. Aquaforte Harbour had the clearest water. 

C om p a r i s 
0 

n s i n d i c a t e d t h a t t h e w i n t e r m o n t h s , i~ o v em b e r 

and february, had t l1c lowest disc readin gs at all stations. 
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Uuring the summer, varied results occurreJ at the three 

locations. At Station 1, in 1969, the maximum turbidity 

recorded (2.5m) was in September; in 1970,maximum turbidity 

(3m) occurred iu July. At Station 2, maximum tl,rbidities 
... :,· 

were obtained in August of both years (4.5m, 1969; Sm, 1970). 

·::i A q u a f o r t c II a r b o u r s h ow e d t h e g r e a t e s t t u r b i d i t y i n J u 1 y , 1 9 6 9 

;': (9m), and in August, 1970 (10m). 

, ·. 
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Phytoplankton 

Table VI gives a list of 85 species and 4 unidentified 

categories (p-cells, flagellates, naviculoids and gymnodinians) 

from seven algal groups. Of the species, there were 9 
· .. :·, ... 
.· .. ·· Chlorophyceae, 1 Xanthophyceae, 45 Bacillariophyceae, 2 

Chrysophyceae, 3 Euglenophyceae, 23 Dinophyceae and 2 

Cryptophyceae. The table also provides the range of volume 

of the individual species and categories. 

Table VII is a list of the major species giving the 

number of cells per litre at the four sampling depths, 0, 

·:.·; 5, li.J and 22m, together \vith the volume or biomass under 

.... ;.::_ 

a surface 
2 area of 1 dm at each location throughout the 

study. 

a. i·!onthly Comparison of the Total Phytoplankton Riomasses 

The most striking observation among the stations 

studied was the large phytoplankton biomass found in the 

central basin (Station 1) of St. John's Harbour during July 

of both years (Figure 12 and Appendix I). In 1969, this 

biomass was approximately five times that in either the 

.~ a r r ow s ( s t a t i 0 n 2 , S t • J o h n ' s H a r b o u r ) o r A q u a f o r t e ll a r b o u r • 

In 1970, for the same period, it was ten times that found 

at Station 2, and twenty times that found at Aquaforte Harbour. 

In August, 1969, Station 1 still had the g reatest biomass 



Table VI. List of species identified and their volumes. 

SPECIES 

CHLOROPHYTA 

CHLOROPHYCEAE 

Arthrodesmus incus (Debr~bisson) llassall 1,100-1,500 

Carteria (?) sp. Diesing 50-60 

Cosmarium sp. Corda 3,000-4,000 

Euastrum sp. Ehrenberg 8,000 

g reen flagellate "A" 150-300 

green flagellate "B" 40-90 

p-cells 30-60 

Ne trium digitus (Ehrenberg) Itzigsohn a nd Rothe 47 ,000 

Pediastrum sp. Meyen 

Pyramimonas sp. Schmarda 

Spirogyra sp. Link 

Staurastrum sp. Heyen 

CHRYSOPHYTA 

XANTHOPHYCEAE 

Halosphaera viridis Schmitz 

BAC ILLARIOPHYCEAE 

Achnanthes sp. Dory 

Amphiprora sp. Ehrenberg 

Amphora sp . Ehrenberg 

Asterionclla formosa llassall 

Campylodiscus sp. Ehrenberg 

Chactoceros atlantic us Cleve 

4,000-13,000 

100-200 

70,000-90,000 

8,000-47,000 

100,000-6,700,000 

54 ,000-165 ,00 0 

54 ,000 - 203,000 

8,000-137 , 0 0 0 

500-800 

23,000-45,000 

5,900-1 8 , 800 

( Cont'd) 
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Chaetoceros concavicornis Mangin 

Chaetoceros debilis Cleve 

Chaetoceros decipiens Cleve 

Chaetoceros gracilis Schiltt 

Chaetoceros septentrionalis Oestrup 

Chaetoceros socialis Lauder 

Chaetoceros sp. Ehrenberg 

Cocconeis sp. Ehrenberg 

Coscinodiscus centralis Ehrenberg 

Coscinodiscus radiatus Ehrenberg 

Coscinosira polychorda Gran 

Eucampia greenlandica Cleve 

Eucampia zodiacus Ehrenberg 

Fragilaria crotonensis Kitton 

Fragilaria islandica Grunow 

Grammatophora serpentina K~tzing 

Leptocylindrus danicus Cleve 

Licmophora sp. Agardh 

4,700-18,800 

1,100-2,100 

14,000-27,000 

20 

600-800 

130-140 

400-1,500 

500-2,000 

1,300,000-4,700,000 

10,000-57,000 

4,000 

21,000-54,000 

14,000-23,000 

600 

900-1,800 

2,400-4,500 

2,300-4,900 

1,000-3,000 

Melosira moniliformis (O.F. M~ller) Agardh 10,000-14,000 

*Unidentified naviculoids 400-50,000 

Nitzschia closteriurn Ehrenberg 20-50 

Nitzschia delicatissima Cleve 130-250 

Nitzschia reversa w. Smith 1,600-4,000 

Nitzschia seriata Cleve 900-1,500 

Pinnularia sp. Ehrenberg 39,000 

Pleurosigma sp. "A" \.J. Smith 1 2 ,000-30,000 

P 1 e u r o s i g m a s p • " B " \.J • 5 m i t h 
200,000-600,000 
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TAHLE VI (Cont'd) 

SPECIES 

Rhizosolenia alata f. gracillima Cleve 

Rhizosolenia fragilissima Bergan 

Khizosolenia hebetata (Bailey) Gran f • 

semispina (Hensen) Gran 

Rhizosolenia shrubsolei Cleve 

Rhabdonema sp. K~tzing 

Surirella sp. Turpin 

Synedra ulna (Nitzsch) Ehrenberg 

Tabellaria fenestrata (Lyngbye) Kutzing 

Tabellaria flocculosa (Kothe) K~tzing 

Thalassiosira condensata (1) (Cleve) Gran 

Thalassiosira nordenskioldii Cleve 

Thalassiosira sp. Cleve 

Thalassiothrix longissima Cleve & Grunow 

CHRYSOPHYCEAE 

Dinobryon sp Ehrenberg 

Oistephanus speculum (Ehrenberg) Haeckel 

EUGLENOPHYTA 

c UGL ENOPHYCEAE 

Euglena sp. "A" Ehrenberg 

Eu glena sp. "B" Ehrenberg 

Phacus sp. Dujardin 

PYRROPHYTA 

DINOPHYCEAE 

Amphidinium sp. Clapar~de & Lachmann 

8,000 

41,000-59,000 

6,000-42,000 

70,000-270,000 

32,000-41,000 

6,000-41,000 

7,000-11,000 

1,000-4,000 

7,000-20,000 

25,000-68,000 

6,000-7,000 

5,000-25,000 

7,000-16,000 

80 

2,000-3,900 

400-700 

100-1 20 

8,000-15,000 

700-1 , 200 
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-()6-

Ceratium arcticum (Ehrenberg) Cleve 90,000-126,000 

Ceratium fusus (Ehrehberg) Claparede & Lachmann 61,000-98,000 

Ceratium lineatum Ehrenberg 

Ceratium longipes (Bailey) Gran 

Uinophysis ellipsoides Kofoid 

Uinophysis norvegica Clapar~de & Lachmann 

Glenodinium sp. (Ehrenberg) Stein 

Gonyaulax diacantha (Meunier) Schiller 

Gymnodinium filum L~bour 

Gymnodinium pygmaeum Lebour 

Gymnodinium simplex Lohmann 

*Unidentified gymnodinians 

Gyrodinium glaucum (?) Lcbour 

Gyrodinium spirale Bergh 

Oxyrrhis marina Dujardin 

Oxytoxum sp. Stein 

Peridinium depressum Bailey 

Peridinium ovatum (?) (Pouchet) Sch~tt 

Peridinium pellicidium (?) (Bergh ) Sch~tt 

Peridinium sp. Ehrenberg 

Phalacroma rotundatum (C1apar~de & Lachmann) 

26,000-195,000 

76,000-137,000 

30,000 

80,000-151,000 

1,300-3,500 

2,400-3,900 

2,700 

290-360 

60-90 

100-18,000 

700-1,000 

4,000-21,000 

140-200 

1,400 

600,000-1,400,000 

24,000-46,000 

100,000-180 ,000 

36,000-50,000 

Jorgensen 30,000-80,000 

Po1ykrikos sp . H~tsch1i 
3,500 

Unidentified Dinophyceae 
89 ,000 

CRYPTOPHYCEAE 
70-120 

Rh odomonas ( ?) sp. Karsten 
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TABLE VI (Cont'cl) 

SPECIES 

Unidentified Cryptophyceae 

-o7-

VOLUNE (p
3 ) 

20-40 

* Five groups of naviculoids ("A" to "E") and eight groups 

of gymnodinians ("A" to "H") were identified according 

to shape and size to ensure a more accurate estimate 

of the biomass. 
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1'able Vll. Number of cells per liter at the four sampling 

depths, and the volume or biomass 
3 6 

(~ .10 ) under a 

surface area of 
2 

1 dm for some major species. 



Asterione11a Chaetoceros 
)l-ce11s formosa debilis 

m 1 2 3 1 2 3 1 2 3 

0 106542 11773 1285 15 
J t; 132009 3950 1263 
U N/L 10 60540 45459 1184 
L 22 98650 77078 1799 llO 

VOL 1138 422 14 12 
0 347778 102b0 300729 

A 5 16573 4735 27801 
U N/L 10 361117 47780 274332 19 
G 22 458415 11609 64220 

VOL 4944 247 1374 .83 
0 1263360 8921b4 149052 67 

. -<~ 
: ·_: ,~ 

.. _:.{) 
·., ... 

s 5 422073 53411 228081 176 249 
E N/L 10 244631 140309 343484 238 
p 22 172787 61241 238655 426 

VOL 4025 1988 3167 6.87 44.55 
. · .. 

· .... _.:/.-;" 
. :.··. 

0 204978 15942 
0 5 33551 10060 
C N/L 10 31570 15523 

. ·. -~- .. T 22 819131 13091 10 
VOL 2932 174 .49 

0 359268 92643 377946 253 
N 5 329023 177671 147213 21 844 
0 N/L 10 243411 175133 84013 15 928 
v 22 166833 196714 118584 10 973 2 

VOL 2919 1553 926 1.97 131.91 10 
0 609867 286608 26395 9 34 125 99 

M 5 237697 275228 30354 158 232 95 
A N/L 10 250989 163982 25656 17 9 308 72 405 
y 22 254899 21335 13075 78 53 2092 

VOL 3571 1880 278 1.05 .80 616 244 2237 
0 917893 33427 9196 39 

J 5 225644 21412 31894 27 26 
U N/L 10 188439 24379 7955 36 34 
N 22 97226 84686 15441 9 13 4 

VOL 3141 426 158 2.78 4.45 .63 3 
0 213414 196052 37085 

J 5 142257 83507 64008 12 
U N/L 10 257503 122505 36593 2 

L 22 117056 160590 23475 21 20 

VOL 2316 1369 398 11 26 

0 1539502 1566059 306472 
A N/L 5 735357 835688 265749 
u 10 521598 266760 1963ll 
G 22 427428 228940 212015 

VOL 8133 5545 2316 

Cont'd 

-
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VII (Cent 'd) 

Chaetoceros Chaetoceros Leptocylindrus Navicula spp. 
dec ipiens socialis danicus "B" 

m 1 2 3 I 1 2 3 l 2 3 I 1 2 3 
I 

0 ! I I 2 
J 5 22 I 

U N/L10 I 

I i I 33 88 10 
L 22 59 I I 62 

VOL 105 I 10 26 6 
0 I i 78 

A 5 I 
U N/LlO I 

I 38 23 I 

G 22 
i 115 210 

VOL ' 38 28 
0 

21 

' 183 66 I 

s 5 I 17 4 46 
E N/L10 

I 
31 15 102 

p 22 I 122 24 20 
VOL 5 l 68 25 74 

0 ! I 
38 

0 5 I 8 37 
C N/LlO i 

I 

I 
10 37 

i 

T 22 8 46 
VOL 8 95 

0 I 20 8 50 
N 5 10 4 36 
0 N/LlO I 30 6 15 
v 22 8 I 8 36 

VOL 14 I 28 2 68 
0 9 46 22 555 8556 734 ! 51 21 160 72 71 26 

M N/L 5 30 36 35 ~2259 3361 1890 I 219 196 95 i 61 18 17 
66 13337 2343 46679 

i 
96 45 13 33 A 10 77 55 ! 77 70 i 

y 22 137 53 51 79647 3241 i 84 
771 

13 9 188 
VOL 573 548 918 2677 446 875 ! 191 238 43 19 132 

0 I 6 ! 111 34 69 
J 5 

i 
13 ! 139 17 125 

U N/LlO 148 
I 

34 17 I 102 
N 2~ 4 I 53 229 i 11 53 73 : 

VOL 22 i 44 3 334 I 88 33 102 
c 

I 1261 I 24 45 121 2 I 
; 

646 16 47 J 5 26 i 27 I 27 
U N/LlC 24 i 5 517 i 34 5 53 
L 2~ 26 3 20 

! 636 48 515 58 53 95 ' I 
VOL 87 8 186 ! 441 59 998 I 36 26 115 I 

c i 70 177 10 

A " 59 60 
U N/L1C 45 79 18 5 

G 2:: 6 79 5 124 

VOL 1 14 74 40 60 
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TABLE VII (Cont'd) 

Navicula spp. "D" Nitzschia Nitzschia delicatissima 

m l 2 3 
closterium 
l 2 3 l 2 3 

------70-r-------2~6~4~8~65--+-------~1~0-r--------------------

U
J N/L 5 288 789 7 

10 79 156 
L 22 3935 10 191 

.53 VOL l 27 292 .03 

A N/L 
u 
G 

VOL 

0 1752 1263 190 
5 1184 1263 170 

10 I 1180 133 232 
1 1o8o 262 10 
i 232 56 29 

10 

8 
15 10 

.04 .03 .05 

S N/L 
E 
p 

VOL 

o 1 2458 2233 1759 
5 I 4lo6 3oo 2643 

10 ! 1612 990 832 
22 1650 2342 480 

277 108 88 

2 
8 

.02 
0 

0 N/L 5 c 10 
T 22 

VOL 
0 

N N'L 5 
0 I 10 
v 22 

VOL 
0 

M N/L 5 
A 10 
y 22 

VOL 

1106 1908 2 
1356 3308 

3011 
599 2873 

89 890 .00 
7360 5028 86oo 4-o 4 
3940 2578 5673 15 6 ll 
2993 2965 3849 17 4 11 
4047 2340 4145 33 10 25 

503 291 375 .23 .02 .09 
4043 10982 660 8 9 
5387 5914 660 54 9 
5296 2603 675 13 9 22 

20 
17 

.21 

120 
23 
15 
81 

2.58 

13 

11 
61 

.39 

2 
25 
42 
31 

1.15 

0 15446 2585 1511 34 40 25 
5 9737 263 2339 14 244 1100 

996 945 9414 39 9 180 
478 366 409 .15 .16 .72 

J N/L u 10 6018 1283 663 61 825 

4 
.04 
50 
55 
8 

55 
1.01 

22 1781 1479 1452 16 18 86 489 
__ V~O=L-----~~81~0~~1~3=1-=2~~9~~.0~4~~.3~2-~~2~·~8~9~3~4~.3~2~-----------

0 2208 1~190 2376 52 
J 5 1188 2284 1778 11 41 11 6 
U N/L 10 1041 819 743 44 
L 22 321 489 1105 5 32 140 37 
..._:V~O.::::.L ____ -+-...:1:!::.2::..1 _ _..;::.245 208 .01 .09 . 74 .35 .09 .05 

N 

0 

A N/L 5 
u 10 

22 

1711 5401 107 
1512 3851 1286 
lOll 958 471 4 

6 G 1304 596 9821 
__ v~o=L----~~l~53 __ -=21=1~- 2~4~o_L __ _0·o~1~·~o~2J_ __________________ __ 
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TABLE VII (Cont'd) 

Ni tzschia 
seri ata 

Distephanus 
speculum 

m 1 2 3 l 2 3 

0 
J 5 
U N/L lO 
L 25 

VOL 22 1. 74 
0 

A 5 
U N/ L 10 
G 22 

VOL 
0 

s 5 
E N/L 10 
p 22 

VOL 
0 

0 5 
C N/L 10 
T 22 

VOL 
0 

N 5 
0 N/L 10 
v 22 

V0L 
0 13 

M 5 18 
A N/L 10 
y 22 

VOL 1. 40 
0 

J 5 687 
U N/L 10 61 
N 22 101 

VOL p2 . 07 
0 

J 5 
U N/ L 10 
L 22 126 

VOL 8 . 63 
0 

A 5 
U N/ L 10 
G 22 

VOL 

17 208 
1310 
160 

23 2973 
1.89 387.98 

I 

I s 8 
I tJ 
i3.55 1. 64 

30 
21 
15 

7 

1. 09 

10 
20 

7. S4 
13 
30 
43 

19.04 
860 

5. 64 111.59 

59 

85 
75 

11.95 

13 
.89 

l3 
. 89 

i 20 6 
: 17 194 
I 11 266 
! 8 108 
!8 .73 93.96 
; 

4; 
I 

i 
.23 ' 
43 : 
21 : 

169 ; 
26, 

20.61 ; 
151 ' 
116 ' 
l86 j 
163 ' 

40 .16 1 

I 

4 

1.05 
12 I 
61 
40 

25.87 

Eugl ena sp . "A" 

l 2 3 

1009387 20373 37500 
1427494 20471 51693 
. 79896 42770 8287 

16573 29710 4609 
67022 3737 6305 

1037338 220187 5b0 
378421 58401 4138 

30648 43718 1161 
6669 44579 

20436 10089 175 
1405 
6287 106 
645 264 43 
132 1972 
224 99 2 
390 

10421 
2762 

86 
524 
640 2 

36 
101 

8 82 
11 10 

4 
120 18 

13 

4 l 
4586 755 22 

371414 4729 28 
13722 39006 

. 162 6587 
13526 2701 1 

1372771 336752 4994 
2440214 433593 7790 
162701 66645 203 

4289 8483 27 
n6os4 24701 363 

22561 21189 1161 
114626 72825 3137 
17797 8896 72 

201 20 824 
5326 3356 164 
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TABLE VII (Cont'd) 

Ceratium Ceratium Ceratium Dinophysis 
arcticum fusus 1ongipes e1lipsoides 
1 2 3 1 2 3 1 2 3 1 2 3 

0 17 15 4 26 22 15 
J N/L 5 15 5 10 5 7 
u 10 8 5 16 5 20 5 
L 22 5 16 5 5 8 4 

VOL 30 284 153 22 _7 245 13 82 35 
0 5 60 10 5 40 

A 5 15 30 5 30 
U N/L 10 20 57 4 39 30 10 
G 22 19 4 

VOL 333 773 43 379 575 26 
0 2 13 66 

S N/L 5 4 2 ' 13 19 l3 53 59 
E 10 2 2 ! 24 11 2 76 58 I p 22 4 15 44 65 

VOL 21 25 30 ! 197 205 81 1159 n64 
0 I ll 18 9 

0 5 I 
33 44 10 ll I 

C N/L 10 I 
44 15 

110 T 22 40 4 10 
VOL 266 7QO 56 239 

0 6 15 ! ll 89 27 77 
N 5 6 19 19 : 27 2 198 71 25 116 
0 N/L 10 15 17 21 I 30 l3 237 64 38 155 
v 22 35 21 6 ! 21 19 38 60 48 17 

VOL 332 344 336 i 444 226 2673 1155 _135 2134 
_., ;: 0 4 I 

I 

9 6 
M 5 2 I 6 9 
A N/L 10 2 2i 2 I 6 4 
y 22 7 2 i 3 

VOL 68 35 26 130 46 53 
0 8 15 3 I 16 96 

J 5 3 13 3 3 9 I 3 2 3 56 
U N/1 10 12 21 2 4 

I 
4 21 7 34 

N 22 16 22 3 9 
VOL 197 365 81 l3 72 75_ 260 79 12 243 

0 3 4 3 2 

J 5 19 15 5 5 
U N/1 10 2 24 2 5 2 21 2 11 2 
1 22 11 16 8 3 

VOL 86 446 108 32 18 271 30 41 5 

0 14 98 3 43 
A 5 153 63 

31 
69 42 

U N/1 10 3 159 105 2 3 45 18 
G 22 59 209 2 137 ll 15 

VOL 23 2299 2628 22 91 i 24 1434 538 27 
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TABLE VII (Cont'd) 

Dinophysis G1enodinium Gymnodinium 
norvegica sp. pygmaeum 

m 1 2 3 1 2 3 1 2 3 

0 4 8 51929 1160 425 178 472 
J N/L 5 7 22984 1181 7 u 10 12 153 604 244 158 
L 22 5 237 156 29 475 2586 

VOL 1 
0 

A 5 
U N/L 10 
G 22 

VOL 
0 

s 5 
E N/L 10 

4 

p 22 
VOL 44 

Q l 

o 5 1 2 
c N/L 10 I 5 7 
T 22 4 

VOL I 0 120 i 

. : .:;:~· : N ~I 4 33 
11 154 322 3177 322 709 

· ... · 0 N/L 10 ! 17 84 449 7678 322 2695 
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::~~f TABLE VII (Cont'd) 

- ~f~ Gymnodinium Gyrodinium ·'0ii Peridinium 
· y,~·J,'. "B" 
:~ 

spp. spira1e depressum 
m 1 2 3 1 2 3 1 2 3 
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':ii~ J N/L 5 7553 20 87 
· ; ~~;,-

u 10 1711 244 92 50 10 

j~f 
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~:,~~ 0 5 10 
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N/L 5 5 
·s --': 

u 10 8 12 4 11 
,,-:-: G 22 46 4 _: .. ~;:~' 330 8 
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Figure 12. Comparison of the total biomasses at the 

three sampling stations. 

Str~tion 1, St. John's H?.rhour 

Station 2, St . John's Harhour 

Aquaforte Harbour 

-.. · ·:.~-
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'·•:t 
:·~· 
.': even though it was half of the previous month's value • 

... ~ 
:f 

... 
'· 

···' 

During the fall of 1969 the biomasses decreased con-

siderably, and were approximately equal at all three stations, 

witl1 Aquaforte Harbour having a slightly larger biomass from 

September to November. During these months the lowest biomass 

was recorded at Sation 2. In the following May Station 1, 

St. John's Harbour had again attained the greatest biomass. 

The biomasses of the three stations decreased from May to June, 

but rose again in July, when an even greater biomass was 

observed for Station 1 than at the same time in the previous 

year. During the summer of 1970 the second highest biomass 

was recorded at Station 2. During July the biomass at Aquaforte 

Harbour continued to increase, and attained a somewhat greater 

value than at either of the St. John's Harbour staCions, 

which had decreased drastically during this period. 

b. Distribution of the Dominant Algal Groups 

An analysis of the data from the three stations show e d 

that different groups of phytoplankton dominated the population 

at different times of the year ( Table VIII). The g reatest 

l St J hn's Harbour stations. similarity occurred between t1e two · o 

At Station l, the Euglenophyceae were the most abund a nt g roup 

predominating in July a nd August, 1969 a nd in June and July , 

1970. f b t h e a rs they comprised 
In particul a r, in July o o Y • 

88 and 86 % o f the tot a l biom a ss. The Chlorophyceae were the 
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Table VIII. Percentage biomass of the various algal groups within the total 

phytoplankton population. 

Station 1, St. John's Harbour 

ALGAL GROUP 

Chlorophyceae 
Xanthophyceae 
Bacillariophyceae 
Chrysophyceae 
Eug1enophyceae 
Dinophyceae 
Cryptophyceae 

JUL 

2.16 
.11 
.20 

88.25 
9.20 

.10 

AUG 

15 19 

1. 03 
.01 

58.48 
25.12 

.17 

Station 2, St. John's Harbour 

Chlorophyceae 
Xanthophyceae 
Bacil1ariophyceae 
Chrysophyceae 
Euglenophyceae 
lJinophyceae 
Cryptophyceae 

Aquaforte Harbour 

Chlorophyceae 
Xanthophyceae 
Bacillariophyceae 
Chrysophyceae 
l::uglenophyceae 
Dinophyceae 
Cryptophyceae 

3.78 
23.92 
16.77 

30.91 
24.00 

• 6 2 

.10 
1. 60 

45.68 
.01 

36.30 
14.94 

1.40 

4.48 

.65 

.01 
6 7.13 
26.27 
1. 45 

11.86 
27.28 
23.64 

.OS 
1. 22 

32.94 
3.01 

1969 
SEP 

55.64 
2.22 

13.07 
.11 

4.63 
21.50 
2.82 

36.66 

3.54 
.09 

3.47 
48.11 

8.13 

42.48 
3.25 
5.23 
1. 24 

.03 
36 .8 8 
10.89 

OCT 

61.55 

2.82 

10.98 
24.42 

.23 

2.51 

24.12 
.01 

73.2 2 
. 14 

NOV 

35.2l 
6.51 
7.83 

.09 
2.92 

46.85 
.59 

28.37 
12.50 

8.25 
1. 46 
7.17 

31.18 
11.07 

11.11 

9.27 
• 2 7 

2.49 
7 6 .03 

. 84 

HAY 

8.66 

28.49 

.46 
62.35 

.04 

7.09 

26.85 

.45 
65.33 

. 28 

1. 51 
4.10 

55.12 

1. 25 
37.85 

. 17 

1970 
JUN JUL 

13.33 

5.04 
1. 53 

57.63 
21.84 

.65 

2.62 
27.26 
3.31 
6.42 

15.81 
42.85 
1. 7 3 

2.06 
19.01 
18.31 

4.18 
55 .1 4 

1.30 

1. 86 

1. 37 
.00 

86.41 
10.09 

. 2 7 

4.30 

1. 37 

72.96 
19.24 

2.13 

2.64 
6.47 

38.90 

4.14 
45.55 

2.29 

AUG 

52.88 

5.04 

33.86 
7. 80 

.43 

36.57 

2.54 

22.09 
35.75 

3.05 

14.02 
29.31 
3. 7 5 

2.19 
38.91 
11.81 

I ...., ...., 
I 
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dominant group in early fall; in September and October they 

constituted over half of the biomass. In November and 

especially in May, the dominant group was the Dinophyceae. 

At Station 2 the Dinophyceae dominated during most 

of the sampling period, but only in May (65%) did they con-

stitute more than half the biomass. Next in importance were 

the Euglenophyceae, which had a summer distribution similar 

to that of Station 1, but with quantities somewhat reduced 

(67%, August 1969; 73%, July 1970). The Chlorophyceae 

represented a considerable portion of the biomass only in 

September, 1969 and August, 1970, but again the percentages 

were lower than those at Station 1 - 37% of the total population 

for both years • 

.. ~· 
At Aquaforte Harbour the Dinophyceae clearly dominated 

the population most of the year, especially in late fall 

when the percentages of the total biomass for October and 

November were 73 and 76 %, respectively. In July, 1969 and 

:·lay, 1970 the Bacillariophyceae com p rise d approximately half 

the biomass. Again in September, the Chlorophyceae were an 

important constituent of the phytoplankton population . 

c. Comparison of th e Distribution of the Algal Groups 

Chlorophyceae 

The distribution of the Chlorophyceae ( Figure 13A) 

~-
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Figure 13. Comparison of: A. Chlorophyceae and 

B. ~anthophyceae 

as percentages of the total biomass at the three 

stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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was similar for the three stations. If the total phytoplankton 

population is considered, the summer population was proportion-

ately low, but appeared to reach its peak in late summer or 

early fall at all stations, occurring earlier in 1970 than 

in 1969. In July of both years, Station 2, St. John's Harbour 

had the greatest concentration of green algae; otherwise, 

Station 1 l1ad a proportionately greater biomass of this group 

of algae, especially in October when the percentage was 

twenty-five times that at Aquaforte Harbour. Usually, Station 

2 ii<H.l the next highest population in the remaining months . 

X ant i10p hy c e a e 

The Xanthophyceae, as represented by the species 

Halosphaera viridis (Figure 1313), \~as most abundant at Aquaforte 

Harbour. In August of both years it comprised approximately 

28 % of the total biomass. At St. John's Harbour, the pattern 

of distribution was different: the speci es was practically 

nonexistent at Station 1; at Station 2 its population was 

relatively high in July, 1969 and in June, 1970. This species 

was not observed in Octoter. 

The cell sizes det e rmined for H. v iridis a g ree with 

llrun e l's 

species. 

the variability of the (1962) lit e r a tur e survey on 

ctudy, the diameter of the cells In the present ~ 

ran ged from 60 to 240p. 
Brunei's own dim e nsion s from Ha ie 

ties Chaleurs were relatively lar ge ( 2 12 to J J Zp) • 

in the Lab r ado r Sea , ll o 1m e s ( 19 5 6 ) 

Oo to JS}l). 

ded much smaller cells r c cor 
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Sacillariophyceae 

The 13acillariophyccae (Figure 14A) exhibited a spring 

bloom in May at each station. The summer pattern of distribution 

varied considerably among the stations. At Aquaforte Harbour 

a second diatom increase occurred in July of both years, 

and in 1969, a smaller autumn bloom was evident in October. 

~enerally,the Aquaforte diatom population exceeded that at 

at the other two stations. In St. John's Harbour the 1969 

diatom population showed no disccrnable pattern of distribution 

A comparatively high concentration at Station 1 was noted in 

September. No autumn maximum was evident and by November the 

biomasses at the three stations were approximately equal. 

After the spring diatom bloom, the 1970 population decreased 

rapidly and remained low throughout the summer. Station 1 

had a slightly larger biomass than Station 2. 

Euglenophyceae 

Host notable in the distribution of the Euglenophyceae 

(Figure 14ll) was their dominance of the phytoplankton population 

in St. John's Harbour in July of bothyears; Station l had 

the larger biomass. After July, the euglenoids decreased 

rapidly in both years. 
In 1969, the fall population was 

relatively insignificant. 
In May the population was extremely 

low, but quickly increased to the July maximum. The euglenoids 

at Aquaforte Harbour were of little importance; they were 

virtually nonexistent in September and October. In July and 

Augu s t, 1970 they existed in concentrations which were 27 and 

17 times, respectively, less than those at Station l. 
However, 
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Figure 14. Comparison of: A. Bacillariophyceac and 

il. Euglenophyceae 

as percentages of the total biomass at the three 

stations. 

Station 1, St. John's Harbo ur 

Station 2, St. John's llarbour 

Aquaforte Harbour 
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1 id t Aquaforte Harbour did outnumber in May, the eug eno s a 

those at St. John's Harbour. 

Dinophyceae 

The Dinophyceae (Figure 15) did not have a consistent 

distribution pattern, probably owing to the varied composition 

of the group, i.e. the armoured and unarmoured species. 

At Station 1, St. John's Harbour, the 1969 population rose 

during the summer to reach a maximum in November. By Hay of 

the following year, the concentrations were even higher, 

after which a decrease throughout the summer was noted. At 

Station 2 the highest percentages occurred in September. A 

spring maximum was followed by a sudden decrease as at Station 

1. Nevertheless, the dinoflagellate population increased again 

in August. At Aquaforte Harbour the Dinophyceae exhibit ed 

two peaks: the larger one occurred in November a nd a slightly 

smaller one in June, 1970. In most months the lar ges t 

populations of dinoflagellates were present at Aquaforte 

Harbour, although the percentages of this g roup of phytoplanktc' 

were consistently large at a l l the stations sampled. 

Cryptophyceae 

The Cryptophyceae were never a dominant group of the 

phytoplankton population, hence, total biomasses, i n stead of 

the percentage composition of the total population, were 

plotted in Figure 16. 
They lvere generally most abundant at 

Aquaforte Harbour, and le t b John's 
as a undant at Station 1, St . 
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Figure 15. Comparison of the Dinophyceae as a percentage 

of the total biomass at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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Figure 16. Comparison of the biornasses of the Cryptop hyce ae 

at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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Harbour. In 1969, this group reached a population peak 

in September, ~xcept for Station 2, St. John's Harbour where 

th~ maximum population was attained in November. In 1970, 

both of the St. John's stations silo\ved a gradual increase in 

biomass from May to a maximum in July, while the Aquaforte Harbour 

population continued to increase to August . 

d. Comparison of the Distribution of the Hajor Species 

Chlorophyceae 

p-cells 

This group consisted of nonflagcllated sph erical 

cells whose dimensions were less than SJ.l and \vhose identification 

was impossible under the conditions of study. The assumption 

was made that these were Chlorophyceae, but they possibly 

included some Chrysophycean monads. 

In all months the p-cells dominated the Chlorophyceae 

at each of the stations. Generally, the hi e hest concentrations 

were found in Aug us t , 19 7 0 . Comparing the t lt r e e 1 o cations 

(Figure 17 and Table VII), this group was most abundant at 

Station 1, St. John's Harbour, where they comprised over half 

the total p-cell population. In 1969, the r e mainder of this 

g roup was equally distributed between the other two stations. 

In 1970, the smallest population occurred at Aquaforte Harbour. 

The p-cells were most abundant i n the surface sampl es, 
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Figure 17. Comparison of the biomasses of the p-ce1ls 

at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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where they attained bloom concentrations according to Lackey's 

(1945) definition - 500 or more organisms/ ml. At Station 

2, St. John's Harbour, these bloom populations were recorded 

only twice, but at Station 1, they occurred in five of the nine 

months sampled. In spite of their small volume (40 to 50~ 3 ), 

they were responsible for the Chlorophycean dominance of the 

total population at Station 1 in September and October, 1969 

and August, 1970, when the corresponding percentages of the 

green algal population were 91, 99 and 97 % (Appendix II). 

Although the concentrations of 1-1-cells did n ot reach bloom 

proportions at Aquaforte, their numbers were relatively high, 

and a peak occurred in September when they comprised 35% of the 

p-cell population. Also at this time, the Chlorophyceae 

dominated the phytopl a nkton population. 

The remaining Chlorophyceae included primarily two 

kinds of small flagellates and Carteria (?) sp., which s how e d 

no consistent pattern of distr i bution at a ny sampling station. 

Baci llariophyceae 

Navicula spp. "D" 

Otll e r t han the s ma ll naviculoids 
No Uacillariophyceac 

(volume ; 
3 . "D" consistently 400 to l,OOOp ), ~av1cula s pp, we r e 

f oun d i n g r eat ab und ance in a ll a r e as. 
The bi oma ss es of these 

1 VII) S 'loPed no co n s i s t ent pattern 
species (Fi g ur e 18 a n d Tab e 1 

• 

several species were involved. 
in di st ribution, possibly beca us e 
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liD II Comparison of the biomasses of Navicula spp. 

at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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On two occasions, July and October, 1969 at Aquaforte Harbour, 

these naviculoids comprised over 90% of the biomasses of these 

species for the three stations. During most months it was 

Station 1, St. John's Harbour which contained the greatest 

biomass. The species were most abundant in the surface 

sample, frequently more than twice the numbers observed at Sm. 

Despite their persistent abundance, they were not the 

diatoms responsible for the occasions when the Bacillariophyceae 

dominated the phytoplankton, for at times when Nacivula spp • 

''D " were at peak production, e.g. October at Aquaforte Harbour, 

and June at Station 1, the diatoms, as a group, did not 

comprise a significant portion of the total biomass. However, 

these species were mo~t important in St. John's Harbour; 

they were found to comprise over 65 % of the diatoms in four 

months at Station 1 (Appendix II). 

Navicula spp. "Is" 

Another group of naviculoids, Navicula spp. "B", were 

probably the second most abundant diatoms ( Tab l e VII). 

Though never comprising more than 10 % of the diatoms in any 

one area (Appendix II), these medium-sized naviculoids (volume; 

2,000 to 11,000p3) were persistent during all months. They 

f t I! b ur ex c e pt in Au g ust were more prevalent at Aqua or e ar o • 

of both years, when th e ir biomasses we re greater a t Station 1, 

St. John' s Harbour. 
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C~aetoccros spp. 

~lay was the moutn at all three locations, in which 

the llacillariophyceae showed greatest abundance. At all 

stations this could be attributed to Chaetoceros spp. (Table 

Vll), which appeared to dominate the spring bloom. At Station 

l. S t . J o h n ' s H a r b o u r t 11 e y c o ;u p r i s e d 5 9 i~ o f t h e d i a t om s ; a t 

Station 2, 69%; and at Aquaforte Uarbour, 82% (Appendix II). 

Unid e ntified Chaetoceros made up the largest portion of these 

percentages; they were usually long chains of cells with 

no apparent foramina (similar to Brunel's (1962) Chaetoceros 

sp. "1.1"), and with very short, straight, hairlike spines. 

They appeared to be concentrated at the Sm level. At Station 

l another species, Cbaetoceros socialis, was prominent. This 

species was found in g reatest numbers at 22m at Station 1 and 

at Aquaforte Harbour, while at Station 2, its greatest concen-

trations were at the surface. At Aquaforte Uarbour the second 

most abundant species was Ch. ~ebilis, wh ich appeared to be 

concentrated a t 2 2 m. Other spec ie s whic b contributed less 

si g nificantly to the popul a tions were Ch. decipiens, Ch. 

~nc~~~~~J~is and Ch. atlanticus. 

l:.ug lenophyce ae 

Eu g len a sp "A" 

1 "A" \vas by fa r the 
Of tile t:uglenophyceae, Eu g ena sp 

most abundant species (Appendix II), and was r espon sible f or 

tbe large phytopl a n k ton popu lations i n St. John' s Harbour. 

ln co mp a ring t h e distribution o fthis species a t th e two stations 

in th e harbour, Station 1 usua l l y contained at least twice the 
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Figure 19. Comparison of the biomasses of Euglena sp "A " 

at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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biomass as tltat at Station 2 (Figure 19). According to 

Lackey's (1945) definition of blooms ( go) p. () ' Euglena sp "A" 

reached bloom proportions at Station 1 in July of both years; 

the numbers observed in July ranged from 1,000 to 2,400 

organisms/ml (Table VII). Furthermore, these numbers were 

concentrated in the upper Sm, where they were certainly 

responsible for the increase in turbidity as measured by the 

Secchi disc (Table V). 

From September to November and continuing into May, 

Euglena sp. "A" declined drastically in importance at St. 

John's Harbour, while at Aquaforte Harbour it was absent 

during these months. Generally, at Aquaforte the species 

was of little significance even during the summer; the 

greatest numbers recorded were 52 organisms/ml in July, 1969. 

Euglena sp "B" 

In November and Hay another Euglena, Euglena sp "B" 

was recorded, primarily at both stations in St. John's Harbour 

(Table VII). The largest concentrations occurred at depths, 

5 and lOrn. It appeared to fill the euglenoid niche as the 

waters became colder. Since the volume of the two euglenas 

differed by a multiple of seven, it would appear that they 

represent two distinct species. 

Phacus sp. 
. . rel a tively abundant 

Another eu g leno1d, Phacus sp., was 



-<14-

throughout the year, with no distinct seasonal distribution 

(Table VII). It was recorded most often and in greatest 

abundance in the 22m sample, especially at the St. John's 

Harbour stations. I.Jhether it tolerated lower temperatures 

or less light was not determined; this species @ay well be 

nonautotrophic. 

lHnophyceae 

Peridinium depressum 

Of the Uinophyceae, the armoured dinoflagellate, 

Peridinium depressum had the greatest biomass on the averag e 

for all stations. Most significantly, the May population 

~ was extremely high (Figure 20 and Table VII), comprising 80, 

·i' 
( 

.;~. 

·•·. 
81 and 90 % of the dinophycean biomass in this month at 

Aquaforte Harbour, Station 2 and Station 1, St. John's Harbour, 

respectively (Appendix II). At both Station 1 and 2, this 

species was responsible for the dominance of the Uinophyceae 

during May (Table VIII). In June, 19 70 , percentages show e d 

that ~· depressum still dominated the Dinophyceae a t Station:. 

1 and 2. During the other months, th e biomasses of the species 

were considerably lower, and the distributional pattern was 

different in the two h a rbours. At Station l and 2 the biomasses 

decreased drastically in July, followed by a slight i ncr ease in 

August; this pattern occurr e d in 1969 a n d 19 70. At Aquaforte 

a similar distributional pattern developed; 
the population 

decreased gradually to a minimum in August, 
followed in 1969 

by a s li g ht maximum in Se pt ember. 
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Figure 20. Comparison of the biomasses of Peridinium 

depressum at the th~ee stations. 

Station 1, St . John's Harbour 

Station 2, St. John's Harbour 

Aqu a forte llarbour 



~ .. 

;·: 

0 .. 
:a.... . 
Ill 
Ill 
~ 
:E 
0 

Ill 

4 

a.-.. 
~ --o-- --o-- --a 

~-·::-. ··········? ............... .-n:SR 
J A S 0 N D J 

1969 

PERIDINJUM 

DEPRESSUM 

9 

23 ·I ' 

.\ 
\\ 
'\ 
\ 
\ 

\ 
\ 
i 
\ 
i 

\ \ 
\ \ 

\ \ 
\ 0 
\ \ 
\ \ 
\ \;(\ 

'\ \ 
I \ 
I o 
\ ....... 0 

F M A M J J 

19 7 0 

A 



-96-

Comparing the data from the three sampling stations, 

P. depressum was usually most abundant at Aquaforte Harbour; 

th~ exceptions were in May and June, when it accounted for 

only 18 and 25%, respectively of the total ~· depressum 

biomass for the three locations. At St. John's Harbour this 

species was found to be concentrated in the lOrn sample; 

at Aquaforte Harbour the dinoflagellate was equally distributed 

a t the intermediate depths. 

Ce~atium longipes 

The armoured dinoflagellate with the second greatest 

biomass was Ce t:.~ urn long ipes (Figure 21 and Table VI I) . At 

Station 1, f· longipes was prevalent only in November at which 

time it comprised 26% of the dinophycean population (Appendix 

II), and was partially responsible for the dinophycean 

dominance. A different trend was evident at Station 2 and 

Aquafnr.te llariJour. In addition to the high November biomass, 

which was most pronounced at Aquaforte, another maximum was 

observed in September~omprisin g 39 and 35% of the dinophycean 

P 1 i t · On tl1es e occasions 
o pu ation for the respect ve st a 1ons. 

the Uinophyceae dominated the population at Station 2 , but 

at Aquaforte only in Nov e mb er . 

Except in May when f· longipes was concentrated at Station 

l , the a bundanc e of this species was fairly evenly distrib uted 

At Aquaforte it was most abundant 
a t the other two stations. 

l
·n 2 the g reates t num bers occurred 

late fall , whil e at Station 
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Figure 21. Comparison of the biomasses of Ceratium 

1ongipes at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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in late summer. 

At Station 1, £. longipes appeared to be concentrated 

in the upper Sm, while at Station 2 and at Aquaforte it was 

generally concentrated at the 10 and 22m levels. 

Ceratium arcticum 

The distribution pattern for Ceratium arcticum (Table 

VII) was considerably different from that for f· longipes. At 

Station 1, it did not represent a significant portion of the 

dinophycean population. Un the other hand, at Station 2 and 

at Aquaforte, C. longipescomprised 41 and 37 % of the dinoflagellate 

population in August, 1970 (Appendix II). However, only at 

Aquaforte was this maximum evident in the previous year, when 

it comprised only 16% of the dinophycean population. 

Tht greatest biomass of the species was found at Station 

2, followed by a slightly lower biomass at Aquaforte. C. 

arcticum appeared to be concentrated at the lower sampling 

depth s . 

Ceratium fusus 

Ceratium fusus (Table VII) was almost exclusively 

confined to Aquaforte Harbour. 
This species appeared in th e 

g reatest abundance in November at all stations, havin g g radually 

increased in numbers from August onwards. 
uuring the spring 

d t d ~sappcar completely from 
and summer months it appeare o ~ 



Aquaforte, but remained in fairly low concentrations at 

Stntion 1. The number of cells ner liter f C f ,. o . ~· usus were 

" e species appeared comparable to those of the other cerati.~. Th 

to he concentrated at the intermediate sampling depths. 

~~atium lineatum 

Cer.atium ~neat~ was never present in any abundance 

at any station. Only in September did its numbers increase to 

any extent, and then primarily at Station 1 and 2, St. John's 

Harbour. 

Glenodinium sp. 

Another armoured dinoflagellate which had a biomass 

equivalent to Ceratium longipes was Glenodinium sp. (Table VII). 

Difficulty arises in describing the distribution pattern of 

this species of spherical shape, because it is va g uely defined 

taxonomically. 
No consistent pattern of distribution was 

evident. 
However, it comprised a considerable portion of the 

dinophycean popul;~tion at St. John's Harbour: 
80 % in July, 1969 

at Station 1, and 52 % in August, 1969 at Station 2 (Appendix 

II). 
At Aquaforte Harbour it reoresented 20 % of the dinoflagellate 

population in July, 1970. 
During the other months it was 

comparatively insignificant. 

Except for the summer of 1969, it was found in g reatest 

abundance at Aquaforte. 
No differences in abundance was 

discernable at th e depths sampled. 
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Q.y_~_nodinium spp. "13" 

Of the unarmoured l.linophyceae, ~nodinium spp. "B" 

had the greatest biomass. This group was represented by 

medium-sized spherical cells, and possibly consisted of more 

than one species. Their late summer predominance in St. John's 

Harbour is shown in Figure 22 and Table VII. At Station 1, 

they represented 81% of the dinophycean biomass in August, 

1969, and 88% in July, 1970 (Appendix II). Station 2 showed 

only the July, 1970 increase, at \-'hich time they comprised 

65% of the dinophycean population. However, since these months 

were not marked by large dinoflagellate populations, these 

species were not considered to be an important component of 

the algal population. Only in August, 1970 did Gymnodinium spp. 

"B" become significant at Aquaforte Harbour, at which time 

they represented 86% of the total G. spp. "B" biomass of the 

three locations. 

The vertical distribution is difficult to assess, but 

the species appeared to be concentrated near the surface when 

they occurred in large numbers. 

~~~dinium spirale 

The second most abundant unarmoured dinoflagellate was 

G d (1
'able VII), a medium to large, elongated, 

~r __ ~ __ :i:_I!ium spirale 

biconical form. This 
· m ~s t abundant at Aquaforte 

spec~es \~as -

Harbour in all months except May. 
Generally, it was noted that 

f Occu rred in May, even though 
the greatest biornasses, by ar, 
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Figure 22. Comparison of the hiomasses of Gymnodinium spp. 

"B" at the three stations. 

St~tion 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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the percentages did not show that the species contributed 

a great deal to the dinophycean population; they were only 

3, 10 and 12%, respectively for Station 1, Station 2 and 

Aquaforte (Appendix II). The distribution was similar at the 

three locations: the population decreased in August of both 

years, and the species was absent in October. It was observed 

that G. spirale was concentrated at 10 and 22m. 

~~~~~nium pygmaeum 

Another small unarmoured dinoflagellate, Gymnodinium 

~gmaeum, was found to be of significance. It was most 

abundant at Station 1 (Figure 23 and Table VII), where it 

constituted a significant portion of the dinophycean population 

(Appendix II); otherwise, its existence was negligible. 

Its greatest biomass at both stations in St. John's Harbour 

occurred in June, followed by a decrease in 1970. In 1969, 

another maximum was observed in ~ovember. At Aquaforte the 

species maintained its low biomass throughout the summer, 

but attained a small maximum in November, 1969, and in August, 

1970. The species tended to be concentrated at the greater 

depths, particularly at 22m. 
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Figure 23. Comparison of the biomasses of ~nodinium 

pygmaeum at the three stations. 

Station 1, St. John's Harbour 

Station 2, St. John's Harbour 

Aquaforte Harbour 
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DISCUSSION 

Circulation 

According to Bowden's (1964) classification of estuarine 

circul<ltion, St. John's Harbour has a "ttllo-layer flm11 t.rith 

entrainment" type of circulation, i.e., a one-111ay movement of 

salt water upwards. The outgoing river water on the surface 

is compens:-~ted for by the incoming saline tvater, t·lhich mixes 

upward with the freshwater along the len~th of the estuary. 

Fjords nre included as a variation of this circulation pattern, 

with a limited amount of vertical mixing from an intermediate 

layer. This tends to obliterate the sharp decrease in salinity 

at the interface between the two layers, as is apparent from 

the salinity profiles interpolated frorn Tahle II. The bottom 

layers act as a reservoir with little water movement. 

According to the same classification, Aquaforte Harbour 

1\as a "two-layer flow tvith vertical mixing" type of circulation. 

T h e 1 e v e 1 i n t h e t.r a t e r c o 1 u m n a t w h i c h t h e s e a tv a r d - f 1 o \v i n ~ 

layer meets t)1 e landward-flowing layer is usually at mid-depth. 

Consequently, salinity profiles show a continuous increase in 

salinity from surface to bottom with the greatest increase per 

meter found at the mid-depth . 
The salinities at Aquaforte 

Harbour (Tahle II) do show a gradual increase with depth, except 

where heavy precipitation or ice has g reatly distorted the 

expected surface readin g . 
The fact that the river discharge 
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can be of little significance is another characteristic of 

this type of circulation. This is particularly true at Aquaforte 

!!arbour since the outflow volume of Aquaforte River is small 

compared with tl1e volume of the harbour basin. 

In order f0r a phytoplankton population to flourish, 

as during a sprinR bloom, a fairly stable water column must 

develop so that the population is retained in the euphotic 

zone (Barlow, 1958). In lakes, and in the open sea, this is 

accomplished by a warming of the surface layers and the 

establishment of a thermocline. 
In estuaries, the river-tidal 

flow makes this type of stability difficult to attain. Here 

the salinity factor is more important; 
stability develops as 

a less saline region becomes established in the surface layers. 

The ideal situation exists when there is a cycle of 

low and high stabilities. 
During the winter months there is 

a period of low stability, and the euphotic zone is replenished 

with nutrients. 
This is followed by a period of high stability 

during the spring, and tl1e existing population in the euphotic 

zone exhibits an increase in production. 

However, late summer blooms in the Duwamish estuary, 

Washington were not related to nutrients but rather to hydro-

A minimum river dischar~e enabled the 
g raphic conditions. 

euphotic zone to stabilize, retainin ~ the population in the 
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upper 1 ayers ( lol e 1 c h , 1 9 6 8 ) • Parsons ~ ~. ( 1 9 6 9 ) c 0 n c 1 u de d 

that the incr~ased stability made possible by the influx 

of the Fraser River plume was a major factor which increased 

primary production. Similar conditions in Indian Arm, a 

fjord in British Columbia showed that 90 % of production 

occurred in the stable surfac~ layer, which was Sm thick 

(Gilmartin, 1964). 

Salinity 

Seasonal chan~es in salinity in estuarine waters are 

quite variable and are sometimes attributed mainl y to land 

runoff. 
This usuallv affects only the surface waters because 

the estuarine circulation is such that land drainage flows 

over the surface of the water mass toward the open sea. The 

gene ral decreas e in salinity from Aquaforte Harbour to Station 

2 to Station 1, St. John's Harbour is probably a factor of 

the decreasing distance fr om f reshw a t er sources. 
I n the areas 

studied, this runoff is not of prime imp ort ance , and other 

factors may be considered to explain the speci fic variations 

in salinity. 

in 
The abnormally low surface salinities at S t ation 1 

Feb ruary were due to sev eral inches of slush ice that h a d 

At a ll three stations, th e 
accumul a ted durin g onshore winds. 

comparatively low s a linities record ed in No v ember c ould be 

at tr i buted to the heavy rainfall and low e vaporati o n during 

'· 
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that time of the year. An abnormally high precipitation in 

( 8 .28 inches; 21.0 em) explains the decrease i\up,ust, 1969 in 

salinities in ea rly September.
1 

The hi~her salinities 

occurring during the summer, especially in July, were the 

result of both cvapor.qtion and of little precipitation. In 

this month, in 1969, the rainfall was 3.90 inches (9.9 em), 

and in 1970 it was 1.36 inches (3.5 cm).
1 

Temperature 

At Station 2, temperatures were lliRher than at Station 

1, St. John's Harbour. This is difficult to explain because 

the former station is more exposed to both wave and tidal 

action which continually renew the water column from the open 

sea. It may possibly be explained by the effluent of sea water 

which is used as a coolant in the city's auxiliary steam-

g enerating plant located approximately non m from Station 2. 

The load of the plant can be 15,200 ga llons per minute at peak 

operation, and is pumped into the intertidal area; the 

temperature of the water can be raised 11 C. 
!lo1~evcr, the 

plant rarely operates a full day. 

The fact that St. John's Ha rbour warms up earlier in 

the spring and cools off earlier in the fall than Aquaforte 

1. Precipitation readings were obtained from th e Me teorolo gi cal 

Office, St. John's Airport. 

'· 
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Harbour is directly attributable to the smaller volume and 

the more limited circulation with ocean water of the former. 

There seems to be a one-month lag in the changes in temperature 

at Aquaforte. In fact, the hinher readings at Aquaforte 

Harbour in September may be due to the ability of the ocean 

proper to retain some of its summer heat, and to circulate 

it in the harbour through extensive flushing action. 

Bodies of water often become thermally stratified in 

late summer as the surface layers become warmed and circulate 

above the colder bottom layers. 
A thermocline thus becomes 

established between the two layers. 
Higher water temperatures 

were recorded in 1970 than in 1969. 
This probably explains 

why a less definite stratification was evident in 1969 at 

Station 1, St. John's llarbour. 
However, Figure 8 does show a 

slight stratification in August, 1969 where a difference of 

4.1 C was recorded between 15 and 22m. 
There is also evidence 

of stratification between 5 and lOrn in September, 1969. The 
the 

downward displacement of/colder stratified layer from July to 

August in 1970 shows the progressive warming of the upper layers. 

At Aquaforte Harbour, the August, 1969 thermocline may have 

been prece~ded in July by a colder stratified lay er closer to 

the surface, where a difference of 3.3 C was noted between 

At Station 2, the water was too turbulent to permit 
5 and 10m. 

stabilization of the water column. 

' · 
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The almost uniform temperature from surface to 22m, 

recorded in October at Station 1, St. John's Harbour and in 

September at Aquaforte Harbour, would seem to indicate the 

complete breakdown of the stratified water column and the 

recirculation of the water during the fall overturn. 

Oxygen Correlation with Phytoplankton Productivity 

When the equation used to calculate the phytoplankton 

biomass under a square decimeter of surface area was applied 

to the oxygen data, coefficients of correlation between the 

two parameters were 0.39, 0.29 and 0.29 for Station 1 and 2, 

St. John's Harh011r and Aquaforte Harbour, respectively. 

These ~values proved to be not statistically significant. 

There are several reasons for this discrepancy. In enumerating 

the individual cells, no distinction was made between autotrophic 

and heterotrophic species. However, nonpi gmented cells, 

especially among the diatoms and armoured dinofla gellates 

were not counted. 

On manyoccasions, sampling took place below the depth 

of effective light penetration, as approximately i ndic a ted by 

the Sccchi disc ~epths. i'!a n y of the specimens counted \.rere 

· d · the 
probably utilizin g oxygen in respirat1on, tl1ereb y re uc

1
n g 

expected oxy g en levels. It mny f urth er be concluded tha t, 

· · t" as excluded from these 
s1nce the effect of resp1ra 1on w . 

' · 
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experiments, the hiomasses determined only at the surface and 

Sm (the euphotic zone) would still not show a correlation 

with the oxygen readings. The effect of increasing oxygen 

concentrations in tl1e surface waters as a result of turbulence 

of the oxygen exchange at the air-water interface would 

further complicate a correlation between biomass and phyto­

plankton production. 
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Volume as a Parameter of Biomass 

Riley (194lb) discussed the hypothetical ideal that 

ecologists have in mind when measuring phytoplankton populations: 

th "bi II d II e amass an volume of cell protoplasm" was the object 

of their experiments. 

Biomass, as al~al volume rather than cell numbers, is 

a more meaningful measurement since cell sizes vary from species 

to species. Furthermore, the average size of cells may vary 

from season to season as different phytoplankters become 

dominant. 

Paasche (1960) found that phytoplankton production 

correlated better with cell surface area than with cell volume. 

This was because the cytoplasm of many cells, especially 

diatoms, is confined to the area between the large central 

vacuole and the cell wall. However, when chlorophyll was used 

as a measurement of standing crop, cell volume had a higher 

correlation with production than did cell area: 
0.85 compared 

with 0.56 (Hobson, 1966). When pure cultures were used in 

experiments by Mullin!!~· (1966), cell volume was found to 

give a better estimate of cell carbon than did surface area. 

Saifullah (1969) also found that cell volume had a higher 

correlation with cell carbon, chlorophyll and particulate 

phosphorus than with cell surface area or cell numbers. 
For 

' · 
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comparison of data, Cushin~'s (1958) standard equivalents 

3 showed that 1 mm algal volume equaled 0.100 - 0.125 mg c. 

However, even this becomes debatable when the data of Hullin 

et al. (lq66) are analysed. They found that for small species 

the carbon content can be 20-25 % of the volume, while for 

lar~e species it can be only 3-5 ~ . The most satisfactory 

method seems to be the one applied by Strathmann (1967), where 

plasma volumes are a more precise estimate of cell carbon 

than are cell volumes. 

Nevertheless, phytoplankton cell volume can be a n 

indicator of biological productivity. If the general trend 

of seasonal progression is considered, the volume is closely 

14 
correlated with both chlorophyll and C determinations 

(Rodhe ~ ~·, 1956). 
Riley (194lb) found that plant pi g ments 

had the highest correlation with other types of measurements 

of production, a nd therefore were most representative o f 

phytopl a nkton a bundance. 
The correlation o f plant p i ~ments 

with volume was hi g hly si~nificant. 

Hasle (1969) su g ~ e sted th a t the measurement used to 

es timat e th e st a nd in ~ s tock ma y be depend e nt on t h e a i m o f 

th e p a rt i cul a r phytoplankton investi g ation. 
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Variability of Volumes Within Species 

a. Comp<trison '"ithin the literature 

It h<~s been suggested by Holmes ~ al. (1969) that at 

least t\llenty-five random cells he measured to obtain t he mean 

cell volume for a species. This figure was used as a guideline 

for each sample in the present study. However, frequently 

for the larger species, this quantity was not available in 

the counting chamber. 

Many authors indicated the volumes which the y calculated 

for their specific sampling areas : 
Paasche (1960), McAllister 

~ ~. (19 61 ) , Parsons ~ ~. ( 19 6 1) , ?·! c A 11 is t e r ~ a 1. ( 19 6 3) , 

~a m11erck (1963), Pavoni (1963), Smayda (1965), Hullin ~ ~· 
(1966), Hasle (1969), Saifullah (1969) and Vollenweider (19 69b) . 

Table IX gives a comparison of volumes of species identified 

in this study with those available from the l i ter a ture. It 

is obvious from previous calculations of volumes that different 

s pecie s were bein~ considered in many instances. Thus volume 

might he a nother taxonomic criterion, e special l y in differentiating 

hetween subspecies. 
Besides bein g us ed as a ta x onomic re f erence, 

an analysis of the comp a rativ e volumes tests the validity of 

incorporating pr e vious data into current research . 

Pavoni ' s (1963) Asterion e lla formosa does not a g ree 

.' 
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Table IX. Comparative data on cell volumes (p
3

) selected 

from the literature. 



~.-------------------------------------------

r I I~ I e I . I ~I :e I L I I . I I~;\~ I~ .\il ~ 
i: Qj a (.) til .;;; .;:i til Ill til 1::; .a ;:::; •u ;;> <1J ... "" .... (.) Ill Ill 0 Ill (.) til (l) ell .... 0..-l ;:I 

"" ;:I 
Ill Q) :>..Ul .a ,.. .... "" ..-l .... Ul 0 •rl .... .... ..-l s:: Ill ... P..CJ ..-l S:: (.) ;:I (.) (l) ..-l ,.. 

..-l .... 0 +-1..-l p.. Cl:l Ill "" ,.. Ill a ns .... 0 0 C) Cll+-1 (l) (l) 
(l) 

~ ~ (l)"r'f "" "" C) ... "" nl"r'l bll+-1 .j..J"r'f N til "C til 
(.) nl.O . (.) • C) til s:: "C CJ"C Ill 0 P..S:: ~ 0 

~ Ul 0 .a (l) ..c: (l) ..c: ..c: 0 0 (l) •Ill ;:I 0 ~ ~ ~~ ;2-j z z <~ U"C U"C :.J u til u () Ul-t ~ N 

pree:ent 30- 500- 1100- 14,000- 20 130- 1,300,000- 10,000- 14,000- 600 2300- 20- 130- 900-
data 60 800 2100 27 000 140 4 700 000 57 000 23 000 4900 50 150 1500 
Lohmann 2000 
1908 
Bernard 570 
1938 
Bogorov 3000 500 
1959 
Paasche 1400 9700 230 2,400,000 v.min 70 2500 
1960 18 
McAllister ~ al. 7,350,000 12,500 500 
1961 
Parsons ~ _ll. Ch. sp. 
1961 3 420 000 
Vives and Fraga 3790 1600 
1961 
McAllister et al. 
1963 
Nauwerck 10 800 
1963 
Pavoni 290 800 
1963 
Smayda 1290 2035 305 5388 1840 121 51 763 
1965 
Bernhard and Rampi 33,000 2400 
1967 
Has1e 140 
1969 
Findenegg (unpubl.) 700 200,000 
in Vollenweider /lmm 
1969b 
Saifullah 1695 9843 1,500,000 
1969 

--~ 

/(?) -

(Cont'd.) 

'I 

.' 



., 

.... . U .21 t 1 .. . iil.llii!!iii!U . 1 , r-
I ~ I~ I I I I · C on' '" ) I I . o 

.,.,, I» • ' \ ' . ' I ~ a • ' "' "' 
"' .;..; .;.:l 
1-<""C::I 1-< 

·n a . •n ~ .c 
!:: .,; ""' .... en !O ~ ~ "' "' Q) en <tl Q) 0 ..... ....... 

0 -~ i:: ~ en <tl !:: ~ 
0 •n +J •n 0 
en .4 <tl p.. en 
0 <tl ·r-l .._. en ..0 
N +J ()() QI-M ;:1 
•n 11! 11! . ~ m 1-< 
..Co4 • 1-< •..C 
~ 11! ~ .... ~ ..C en ~ en 

present f.grac 41,000- 6,000- 70,000-
data 8.000 59.000 42 000 270.000 
Lohmann 34,000 
1908 
Bernard 
1938 
Bogorov 
1959 
Paasche 37,000 18,000 
1960 
McAllister Jll. al. 
1961 
Parsons .ll .ill· 
1961 
Vives and Fraga 
1961 
McAllister ...e..t. .al.. 
1963 
Nauwerck 
1963 
Pavoni 
1963 Rh.imbricata 
Smayda 65,160 4,040 v.shrubsolei 
1965 62 000 
Bernhard and Rampi 1,100,000,000 
1967 
Hasle 60,000 260,000 
1969 
Findenegg (unpubl.) 
in Vollenweider 
169b 
Saifullah 
1969 

/ 

·.-!~ ·.-! ·n 1-< <tl 
<tl en en en en <tl 1-< 
1-< en !:: cn en .4+J 

'1:1 <tl Q) <ti-M .4 en 
Q) <tl .4 "0 ~()() Q) Q) 

~;; 11! 1-< 11! s:: ..0 t: 
..c 0 ..c 0 11! Q) 

Cl) ;:l E-< t: f-<..-l E-<4-< 

7,00Q- 6,000- 7,000'- 1,000-
11 000 7.000 16,000 4,000 

87,500 

11,000 

3,000 

v.danica 4,000 
5,000 

7,764 

~ s:: C1J 0 
;:l •n .4 13 
u '1:1 <tl 0 
u 0 1-< '1:1 
0 1-< •rl 0 

• .4 >-.P.. ..c 
E-<4-< (.!) {/) ~ 

7,000- 4,000- R.sp. 
20 000 21.000 70-120 

IG. spirale (?) 
1?.0.000 

2,000 R.spp. 
100-250 

R.1acruatris 
100-190 

R.1acrustris 
200 

...... 

...... 
Vl 

I 



-116-

with any of the volumes found in the literature or in this 

study. Chaetoceros decipiens appearedto be an extremely 

variable species; the volume of the one described in this 

study is comparable to only one of the six volumes cited in 

the literature. It is indeed interesting that the type found 

in this study differed from that found in St. Margaret's Bay 

by Saifullah (1969) • . Discrepancies may have arisen in omitting 

the volume of the bristles. Considering Chaetoceros gracilis, 

Paasche (1960) was not describing the same species as that 

found in this study; the dimensions measured here are s imila r 

to those noted in the Baie des Chaleurs by Brune! (1962). The 

species of Chaetoceros socialis was smaller than that noted by 

Smayda (1965), but again the dimensions were more in line with 

Brunel's (1962). The Eucampia zodiacus described in this study 

differs from Smayda's (1965); however, two distinct forms are 

noted in most taxonomic references. The volumes of Leptocylindrus 

danicus were only marginally comparable. The Nitzschia 

clo!!_~rium described in this study could possibly he of the 

variety minut~sim~ noted by Smayda (19 65) . 
The range in 

volume of Nitzschia delicatissima exibited by the three a uthors 
.:.:...:::....=.:~-- ----·- ---

shows the variability of this diatom. 
The volume of t he form 

gracill ima of Rh_izo!!_~-~-nia alata indicated how this d iffers 

fro m the type species. 
Smayda's (1965) Rhizosolenia frag illissima 

does not appear to be the same species des crib ed in this study. 

Two of the four autho rs describing Rhizosolenia hebetata f. 

_§!:_:"lli_spina gave volumes \vhich varied considerably from the present 

data . The Synedra uln a of this study is slig htl y larger than 

I. 
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the variety danica described by Findeneg~ (Vollenweider, 196Qb). 

A considerable difference was observed in Paasche's (1960) 

Tha_!._?_!!_s_:!:_o~rix _long is sima and the one encountered here; the 

latter was identified in Lebour (1930). The Tabellaria 

f 1 o c_ ~ 1 o ~ d e s c rib e d i n t h i s s t u d y ~"as con s ide r a b 1 y 1 a r g e r 

than the one described by Nauwerck (1963). The Gyrodinium 

:?..E_irale (?) described by t!cAllister ~ ~· (1963) was obviously 

not the same species described by Lebour (1930), from which 

the species of this study was identified. The form described 

by NcAllister ~ ~· (1963) was too large, even after taking 

into consideration the fact the Lebour ' s (1930) species varied 

considerably in size. 

Nevertheless, some species did show volumes comparable 

to the published data. These were Chaetoceros debilis, 

~~~nodiscus ~ntr~lis, ~· radiatus, Fragilaria crotonensis, 

Nitzschia seriata Rhizosolenia shrubsolei, Thalassiosira 
---·--·-- ' ·-----
norden~kiBldii Tabellaria fenestratJ and Rhodomonas sp. =-=-=:..::..;::...=., -------- -------

It should also be noted that the choice of geometric 

models contributes to the intraspeci f ic variation in cell volume. 

It can be concluded from the lite r ature that the v a riation 

d h · 1"s s1"anificant enough to 
of cell volum es measure ere1n n 

· 1·n each new area studied, 
warrant the measurement of a spec1es 

1 cannot be interpolated 
and that previously-recorded vo umes 
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into current research. 

Few investi~ators have recorded a range of cell volume 

for the species measured. Pavoni (1Q63) and Saifullah (1969) 

acknowledged this phenomenon in determining biomass from 

volume. A general analysis of the variability of all volumes 

within a species in the present study indicates a two-fold 

difference between the lowest and highest recorded volumes 

(Table VI). This further necessitates the continuous 

monitoring of the algal volumes to establish seasonal and 

spatial variations in volumes. 

b. Comparison within the present study 

Tl1e net plankton were measured throug hout the experiment, 

and an analysis of their interspecific volumes was made 

(Table X). The seasonal variation in size indicated that 

extensive year-round measurements a re wa rranted. (It must be 

remembered th at no d a ta was available from December to April.) 

Also,significant differences at the two locations established 

that volumes 
at r~la tively close stations have to he measured 

separately. 

d C lonoipes were approximately 
Both Ceratium a rcticum a n _ . ~ 

1 a t St. John's Harbou r 
10 ~: larger at Aquaforte Harbour t ·1an 

h f Samplin~ except in September 
throu~hout the nine mon t s o " 

' · 
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lvhen they were both considerably larger at St. John's Harbour. 

The reverse is true for C. fusus, where the species was 

consistently larger in St. John's l!arhour . As for the seasonal 

variation, C. arcticum appeared to be smallest in August and 

~ ovember at St. John's Harbour, and in September at Aquaforte 

Harbour• it was largest in September at St. John's Harbour, 

and in Hay at Aquaforte. C. longipes was smallest in early 

fall and largest in mid-summer at both harbours. C. fusus 

was smallest in late summer and lar~est in October at hoth 

harbours. The largest cells of C. arcticum had volumes 30 % 

greater than the smallest cells; £. longipes volumes were 

45 7- greater: and C. fusus volumes were 40% greater. Therefore, 

it would appear to be mandatory to take seasonal variation 

into account when measuring these species. 

Although Peridinium depressum showed no si gnificant 

difference in size betHee n the two locations, a distinct 

seasonal variation existed with the largest specimens appearing 

in Hay and the smallest in late fall at both harbour s . 

Throughout the sampling period, the volumes of the largest 

cells 1ve re 60 % F:reatcr than the smallest cells. 
'· 
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Seasonal Oistrihution of the Phytoplankton 

The classical annual phytoplankton cycle in the 

temperate oceanic latitudes is bimodal with spring and fall 

peaks; however, this pattern is not consistently apparent 

in coastal waters. Bigelow (1926) descrihed a third summer 

diatom maximum in Massachusetts Bay, as did Fish (1925) in 

the waters near Woods Hole. Patten ~ ~· (19~3) described 

a "six-diversity pulse" in the lower Chesapeake Bay . In Long 

Island Sound, Conover (1956) reported a larRc late-winter 

flowering, and smaller summer and early fall flowerings. 

Riley (1952) described a similar seasonal distribution, occurring 

in Block Island Sound, as typical for temperate coastal waters . 

In St. John's Harbour, three distinct rises in the 

phytoplankton population occurred; in Aquaforte Harbour, four 

~~ere evident. llo1..rever, even though they occurred at the same 

time, the groups of algae involved were different. 

At both St. John's Harbour stations, the largest bloom 

occurred in July, when the Euglenophyceae were dominant. 
This 

is comparable to Saifullah's (1969) study in St . Margaret's 

Day, where one of the four maxima was a dominance of micro­

flagellates (Euglenophyceae, Chrysophyceae and Chlorophyceae) 

In the inner Oslo Harbour, Braarud and Uursa (1935) 
in June. 

described flagellates of all types as the most prominant species 

' · 
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in July. The summer increase in St. John's Harbour was 

was followed in November by a small increase in biomass which 

attributed to the Dinophyceae. The spring bloom which was 

considerably smaller than the summer one, consisted primarily 

of dinoflagellates. Dominance of the Dinophyceae in the spring 

seems peculiar to this situation. Perhaps these dinoflagellates 

are better adapted to survive reduced salinity conditions 

and high nutrient content in the waters of the harbour, than 

are the diatoms. 

At Aquaforte Harbour, the spring bloom had the greatest 

biomass when the diatoms were dominant, the typical temperate 

water situation. Another small diatom increase occurred in July. 

The rich diatom population of the inner Oslo Harbour in July 

is hardly comparable to that in Aquaforte since nutrients from 

sewage effluents permitted this group to compete with other 

species in the former location. 

dinoflagellates were prevalent. 

In August, at Aquaforte, the 

In the outer Oslo F jord, the 

ceratia were the dominant group during th e summer(Braarud, 1945). 

Saifullah (1969) reported tl1e dinoflage llates as the dominant 

g roup in July at St. Ma r ga ret's Bay . Conover (1956) a ttributed 

summer flowerings to dinoflagellates and smaller flagellates. 

As in St. John's Harbour, a small dinop hycea n population 

prevailed in No vember. 
This ph e nom e non is comparable to 

P latt's (1970) findings in t11e polluted Bedford Basin, when 

dinoflagellates continued their dominance during the fall . 
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Phytogeographical Distribution of the Phytoplankton 

Excluding the Chlorophyceae and the Cryptophyceae, 

which are primarily freshwater species, and the unarmoured 

dinofla~ellates, except Gv~<!_inium spirale, /many of 'vhich 

were difficult if not impossible to identify, there remained 

1 Xanthophyceae, 31 Bacillariophyceae, 12 Dinophyceae and 

1 Chrysophyceae to group into phytogeographical zones 

according to the classification of Fish (1925), Burkholder 

(1932), Gran and Braarud (1935), Brunel (1962) and Novchan 

(1970). 

The results are shown in Table XI: 

Tahle XI. PhytogeograPhical distribution of the species 

found in St. John's Harbour and Aquaforte Harbour. 

Xantllo - Bacillario - Chrv. so- Dina- Total 
Phytogeographical _ ____ '! 

0 
n e __ .rp~h!_;yy_r:_c~e:__!a~e~ __ J'p~hy_v~c~e::_a~e __ o~h2y:_~c:..:e=..· ~a.::e~_.~.:P..:.:h:...~Y:_:C=.e=a-=e:__ _ _ _ 

arctic oceanic 
boreal oceanic 
temperate oceanic 
arctic neritic 
boreal neritic 
temperate neritic 

1 

---

9 1 

2 
1 

11 
3 

1 1 
5 16 
1 3 

1 
4 15 
1 4 

4o 

h t abun dant forms are 
These data clearly indicate that t e mos 

contained within the arctic-boreal g roup. 
This a g rees with 
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Gran and Braarud's (1935) study in the Bay of Fundy and in 

the Gulf of ~!a i ne, Iselin's (1930) study in the coastal waters 

off Labrador, and Novchan's (1970) study of the distribution 

of diatoms around the Grand Banks. These authors also found 

that ecologically the neritic forms were more important than 

the oceanic forms; Novchan (1970) listed 60 ~ of his diatoms 

as neritic and 30 % as oceanic. This did not hold true for 

the present study since both forms were equally distributed. 

Considering the phytoplankton ~roups separately, the 

diatom distribution was similar to Movchan's (1970) findings, 

consistin~ primarily of arctic-boreal species, while the 

dinoflagellate distribution differed. Mnvchan (1Q70) found 

that most of his species were tropical forms, while this study 

found them to belong to the boreal oceanic group, thereby 

indicatin~ that the Gulf Stream did not influence the composition 

of the phytoplankton, but that the Labrador Current ~•as 

responsible for the presence of these dinof lagellates in the 
? 

harbours of the Av al on Peninsula.-

Further south, Burkholder (1932) found t he temperate 

neritic group of diatoms to b e most ahundant in Penobscot and 

----- - -------------
The bulk of the La br a dor Current follo1vS the outer edge 

o f the northeastern section of the Grand Hanks ~•here 
it meets the warmer and more saline Gu lf Stream, but 
a small part of the cur.rcnt finds its way a long t~e d 

2 . 

- · 19~0) It is character1ze 
Avalon Peninsula (Isel 111 • ~ • . . f 33°/ o c d a sal1n1tv o oo . 
by temperatures of -1 to ., a n -. f the 
ny the time it reaches th e northeast e rn sect1on o • 
Hanks, the tempe ra tur e is 0 to 3 C ( Movchan, 1967). 
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Frenchmans Bays in Maine, as did Fish (1925) in the waters 

o f f \v o o d s I! o 1 e • 

As wottld be expected in a semi-enclosed estuarine 

environment, many tychope1agic forms were identified: 

seven species of green a1~ae and six species of diatoms, 

possibly includin~ some of the naviculoids. The greatest 

abundance of this group was recorded at Station 1, St . John's 

Harbour. 

·•. 
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Phytoplankton Distribution According to Size 

In 1Q03, Lohmann defined nannoplankton as that portion 

of the population which will pass through the pores of a fine 

plankton net (Yentsch and Ryther, 1959). Cushing ~ ~· (1958) 

defined microplankton, nannoplankton and ultraplankton by the 

sizes ,c,op, )5p, and <5~, respectively. Strickland (1960) 

defined nannoplankton as orr,anisms 10 to SOp, and ultraplankton 

as those 0.5 to lOp for the largest dimension. 

For the purposes of this paper, ultraplankton is defined 

as those plankters with one side measuring 

smallest dimension, and having a volume of 

5p or less for the 

3 
less than 150p . 

Net plankton is th~t which can be retained in the No. 25 

plankton net, as determined from the qualitative plankton tow. 

Of the 85 species and four categories identified in this study, 

9 s p e c i e s p 1 u s p- c e 11 s an d f 1 a g e 11 a t e s " B " \~ c r e u 1 t r a p 1 an k t e r s , 

45 species plus all naviculoids, gymnodinians and flagellates 

,.A., were nannoplankters, and 31 were n e t plankters. 

Some workers h n ve claimed net samples to be reoresentative 

of the phytoplankton population. 
In examining a centri f u ged 

water sample, Burkholder (1932) did not find any species 

additional to those taken with a No . 20 plankton net, and 

consequently based all his data on the net collection. 

it i s now generally ag reed that a substantial quantitv of th e 
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population can be lost through the finest net. 

Riley ~ ~· (1949) described swarms of flagellates 

having a size ran~e of 3 to 15p in freshwater samples. Counts 

indicated their ahundnace of the order of 16 million cells 

per liter. He attributed the discrepancies between cell 

counts and plant pigments in Long Island Sound to the presence 

of these nannoplankters. 

Hulburt et al. (1960) recognized the importance of 

nannoplankton or p-plankton in the Sargasso Sea. They \~ere 

describing a group 1 to Sp in size, consisting of 3.Sp 

flagellates and thick-walled spherical cells, probably fungal 

spores. The biomass of this group and the larger phytoplankton 

was found to he similar, but they could only speculate on the 

photosynthetic activity of this group sinc e their au totrophic 

nature was not known. 
Analy~ing the chlorophyll~ concentrations, 

they discovered that, accordingto the chlorop!lyll content of 

individual cells, the larger phytoplank ton comprised only a 

small fraction of the number of autotrophic organisms. 

Rodhe et al . (1956) determined nannoplan k ters as any 
-- -

algae eq u al to or smaller than lOOp in greatest dime nsion, and 

found that their si g nificance was greater in the standing crop 

than in the production of organic matte r. 
l!ence, the importance 

of th e nannopla n k ter s in production seems 
to be even greater 

' · 



-128-

than it would be assumed from tl1e st Ji an< ng crop. Findenegg 

(1965a) concluded that nannoplankton was more active than 

net plankton in the assimilation of carbon, because of its 

greater surface to volume ratio, which increased the uptake 

of nutrients. In a hody of water dominated by smaller algae, 

both turnover and assimilation rates are higher, regardless 

of the standing cron. 

Many scientists have reported on the relative abundance 

of nannoplankton in various environments, as summarized in 

Table XII. 

It is difficult to conclude, as many authors cited above 

have done, ,.,.hich plankton size dominated the nopulation in 

the present study. 
In order to compare the data with previous 

experiments, it was necessary to combine the ultra- and the 

nannoplankton. 
The percentages in Table XIII clearly indicate 

the inconsistencies in any distributional pattern. 

Certainly, the nannoplankton was generally the most 

abundant during the summer months at both stations in St. John's 

Harbour. At Station 1, they comprised 05 and 99 % of the 

population in July and August of both years: 
in fact, they 

dominated the phytoplankton in all months except Hay Hhen 69 % 

of the population HaS net plankton. 
At Station 2, the nannoplankton 

comprised a smaller portion of the population: 
90 ~~ in August, 
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Table XII. Results of some nanno- and net plankton studies in various q nvironments. 

Size Distinction 
Between Nanno-

Source Location and Net Plankton Results 
-----·- · 

Rodhe et al. 
(11)56) 

Lake Erken , 
Stveden 

7 f) Jl 

Nannoplankton contributed to 95-98 7 of 
primary production (cl4) in spring; 
net plankton contributed to 56-81 ~ of 
primary production ccl4) in July and 
August. 

------------------------------------------

\H 1 H n ( 1 9 5 9 ) Gorvaln 
Sweden 

Bay, 

--------------

Gilmartin 
(1964) 

Miller and 
Moore (19 53) 

Yentsch and 
Ry ther (1959) 

Halsh (1969) 

·' 

Indian Arm, 
British Columbia 

Florida Strait 

Vineyard Sound 

Antarctic 
Convergence and 
Ross Sea 

60p 

SSp 

65p 

~-; annop lank ton 
of the year; 
during spring 
September. 

was dominant durin~ most 
net plankton was dominant 
bloom and August-

Nannoplankton accountid for 99 % of 
primary production (C 4 ) from May to 
June. 

Biomass of nannoplankton can be 1,000 
times that of net plankton. 

Nannoplankton comprised 89 r of the 
total cell count. 

Microflagellates comprised 99 % of the 
total cell count. 

..... 
N 
-D 
I 

l 
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Table XIII, Percentage of tota l biomass represented by 

three sizes of phytoplankton at each station. 

% % 
ultraplankton nannoplankton 

--------------
Station 1, StJohn's Harbour 

July, 1969 
August 
September 
Oc tober 
Novembe r 
>lay, 19 7 0 
June 
July 
August 

2. 3 
14.9 
55.1 
61.8 
37.8 
15.0 
15.6 

2. 1 
52. 2 

Station 2, St. John's Harbour 

July, 196 9 
August 
September 
October 
November 
Nay, 1970 
June 
July 
Aug ust 

Aqua forte 

July, 1969 
August 
September 
October 
November 
Nay , 1970 
June 
July 
August 

ll. 6 
6.0 

41.6 

41.8 
10.7 
11.0 

6. 4 
3 9 . 3 

--------------
llarbour 

1.6 
14.7 
51.6 

2. 5 
12 . 7 

4 . 7 
4 . 6 
5 . 3 

25.9 

------- -----· ·---

9 7.4 
84 .5 
26.1 
2 3. 7 
27.8 
16.0 
71. 0 
96 .8 
42.5 

48.4 
82.9 
16.0 

19.3 
27 . 0 
26 . 5 
88 . 5 
29 . 5 

60 . 8 
10. 2 
17.7 
62 . 3 
18 . 9 
50.2 
39.7 
3(, . 2 
17 . 0 

(99.7) 
(C)9.4) 
( 81. 2) 
( 85.5) 
(65.5) 
(31. 0) 
(R6.fi) 
(98.9) 
(94.7) 

(53.0) 
( R8 .9} 
(57.6) 

(61.1) 
(37.7) 
(37. 5) 
( 94 . 9) 
(C,R.8) 

(f>2.4) 
( 24 . 9) 
(119.3) 
( 64 . 8) 
(31.6) 
(54. 9 ) 
(44.3) 
(41.5) 
( 42 . 9 ) 

% 
net plankton 

0.4 
0 .6 

18.9 
1 4 .5 
34.3 
69.0 
13.4 
1.1 
5.3 

47.0 
11.1 
112 . 4 

38.9 
62 . 4 
62.5 

5 . 1 
31.1 

3 7 . 6 
7 5. 1 
30 . 7 
35. 2 
68 . 4 
45.1 
55.8 
58 . 5 
57.1 

Figures in brackets represent both ultra- and n a nnopl a n k ton. 
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1969 and 95% in July, 1970, and was considerably lower in the 

other summer months: 53 and 69Z. Net plankton dominated the 

population in both May and June with percentages of 62 and 63%. 

Thus, the net plankton was a relatively insi~nificant group 

in St. John's Harbour 

At Aquaforte Harbour, the net plankton was the dominant 

group, comprising a monthly average of 53% of the biomass. 

It was least important in September and October when it· 

comprised only 31 and 35% of the population. When compared 

with the other two stations, the May net plankton population 

was much smaller, 45% of the biomass. 

The ultraplankton, as represented by the Chlorophyceae 

and the Cryptophyceae, tended to increase in importance in 

early fall at all stations, frequently comprising over half 

of the biomass. 

The present study partially agrees with the findings of 

Gilmartin (1964), Miller and Moore (1953), and of Yentsch and 

Ryther (1959), regarding the predominance of nannoplankton in 

coastal environments (Table XII), while reco~nizing the fact 

that different methods were used to measure this quantity, 

14 i.e., C and cell numbers. 
St. John's Harbour had a monthly 

average nannoplankton biomass of R3 % for Station 1, and 62 % 

for Station 2. 
However, at Aquaforte Harbour, the percentage 
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biomass was much lower, 47%. 

A similarity with Will6n's (1Q59) distributional 

pattern, which was incidentally in direct contrast with 

the conclusions of Rodhe ~ !!...!_. (195n) for freshwater, is the 

relative unimportance of the nannoplankton during the spring 

diatom bloom. This is the time when the net plankton reached 

its peak at St. John's Harbour, comprising n2 and 6Q% of the 

biomass at the two stations. 

Although the seasonal distribution cannot be dealt with 

conclusively because of the lack of winter data, the results 

of this study seem to disa~ree with the premise of Yentsch 

and Ryther (lq59) and of Hirge and Juday (1922) that nanno-

plankton exibits no seasonal trends. Its prevalence during 

the summer months, especially in St. John's Harbour, supports 

this fact. 

Miller and Moore (1953) summarized the distribution 

of net plankton in various latitudes, as described by previous 

authors (Table XIV). 

Table XIV. 
Percentage of uhvtoplankton biomass caught by a 

No. 2.5 plankton net. 
From Yentsch and Ryther (1959). 

Scoresby Sound, East Greenland 
Off Plymouth, England 
Long Island Sound 
Vineyard Sound 
New ~outh Wales, Austra lia 

Tortugas .- -------·-

66% 
10-26 ~ 

9 - 56 /: 
2 -4 7"1. 
3- 4 '% 

1 "/ 

' · 
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The range of the percentage net plankton over the sampling 

period agrees with Yentsch and Ryther's (1959) interpretation 

of the geographic distribution. Net retention of the phyto­

plankton in the higher latitudes is quite high, in contrast 

with that of the lower latitudes, while in tl1e more temperate 

regions the percentages include both extremes, e.g., 0.4 to 

fi9 % for Station 1; 5.1 to 62 Z for Station 2, St. John's 

Harbour; and 30.7 to 75.1 Z for Aquaforte Harbour. According 

to Yentsch and Ryther (1959), the extreme ran~e of percentages 

is explained partially by the prevalence of small planktonic 

forms in estuaries. 
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Eutrophication 

The following discussion is concerned more specifically 

with eutrophication as dealt with in the Introduction. 

Various indices of this pl1enomenon are discussed in detail 

as they determine the extent of the enrichment process in 

St. John's Harbour. 

a. Oxygen deficit in the bottom layers. 

With the establishment of the thermocline during 

summer stagnation, a clinograde oxvgen curve would he expected. 

This occurred to some degree during August of both years at 

Station 1, St. John's Harbour, based on measurements in ml/1 

and percentage saturation. !lowever, in July at the same 

station, and in August, 1969 at Aquaforte Harbour, decreases 

in oxygen readings were noted only when calculated as percentag e 

saturation. 

Stagnation of the bottom layers was evident in month s 

other than those with an established thermocline. 
Its prevalence 

during all summer months at Station 1 is indicative of inadequate 

circulation in the water column. 
On many occasions the percent~ge 

s a t u r a t i on s h 0 IJ e d a d e c r e a s e '" h e n t h e m 1 /1 d i d n o t. 

nxy ge n content is usually c onsidered to be the mos t 
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important, sin~le parameter of sewage-derived pollution 

(Anon., 19 69 ). Fruh ~ ~· (1966) cautioned against measuring 

env1.ronment, oxygen directly, explaining that in a nonstatic · 

the rate of oxygen depletion \vas a more precise measurement. 

o mno og1.ca nterpretation of dissolved Thus, Sawyer's (196") li 1 · 1 i 

oxygen (Figure 2) is only partially applicable to the estuarine 

e nvironment of this study. Figures 10 and 11 sho'" a eutrophic 

condition for Station 1, St. John's Harbour, especially d uring 

the summer months, while the other sta~ions assume oxygen 

values which are rel.:ltively uniform with depth, typical of 

t lte o ligotrophic condition. 

\.J e 1 c h ( 1 9 () R) noted a de crease in dis so 1 v e d oxygen a t 

lm above the b ottom of the Duwamish River to 1.2mg/l in August, 

1963, and to 2.RJTJg/l in August, 19fi'l; 
this was coincidental 

with the phytoplankton bloom. 
The dissolved oxygen data of 

Patten et al. (19o3) for the bottom wa ter o f the lower Chesapeake 

Day ranged from 1.03 to 3.05mg/l at five stations at the 

entrance to York River: 
the corresponding surface concentrations 

ran ge d from R.lB to B.qomg/ 1. 
Carpenter e t al. (196q) note d 

that values less than lml/1 of oxygen persisted longer in the 

bottom layer of the estua rine Potomac River than in th e upper 

Chesapeake Bay. 
However, at th e surface, near-s a turation and 

The g reat est 
supersaturation values occurred in both areas . 

deficit reported by Ketchum (l96q) occurred at the mouth of the 

lludson River where the oxygen content had decreased lo 17 ~ of 

saturation; 
offs hor e wa ters were generally s upersaturated with 
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a maximum value of 121r at the surface off the tip of Long 

Island. In 1937, the oxygen percentages in the deepest part 

of the Bonne Fjord ranged from 0 to 20% (Braarud and Ruud, 1937). 

Hraarud (1953) noted that the deep waters of the Bonne Fjord 

were devoid of oxygen in 1950 and had been replaced by hydrogen 

sulfide, while low oxygen values persisted in the inner Oslo 

Fjord. 

The central basin of St. John's llarhour (Station 1) 

seems to be less eutrophic than were the estuaries cited above. 

The lowest oxygen recordings were observed in August and 

October, 1969: 3.72 and 3.42ml/l, respectively; the 

corresponding percentage saturations were SOand 52 %. 

A c c or ding t o IH b au t and ! ! o c n s (19 5 7) , the s e p e r cent ages 

would represent an area which is "moderately polluted", i.e., 

40 to 60% saturation (p. 11). 
They recorded percentage 

saturations below 10% in the Noordzeekanaal, during the summer, 

w h i c h t h e y d e s i g n a t e d " h e a v i 1 y p o 11 u t e d " , '" h i 1 e n e a r- b o t t om 

samples at stations located in the harbours of Ijmuiden off 

the North Sea \Jere "moderately polluted". 

In the comparable study of Bedford Basin, which Platt 

et al. (1970) designated as eutrophicated, several intrusions 

of ocean water occurred in 1967 culminating, in late November, 

f h d Y 
en deficient water. 

i n a t: v ... ,. • ~ t e rep 1 a c em e n t o . t e e e P ox g 
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Meanwhile, the summer saturation values did not rise above 

48% at SOm; the depth of the basin was 70m. By 1969, the late 

fall saturation values had decreased considerably: at 40m 

it was 20% and at 60m approximately 5%. An influx of ocean 

water occurred the following February, and by mid-March the 

entire water column was homogeneous. It was concluded that 

the spring bloom had also contributed to the oxygen content. 

The replenishment of the bottom waters in mid-November and the 

summer saturation values (SO % and 52 %) at 22m at Station 1, 

St. John's Harbour are similar to Platt's findings in 1967. 

It is not known if the flushing of the stagnant bottom 

layer at Station 1 is an annual phenomenon. It ~"ould be 

interesting to determine if the replacement continued in the 

fall of every year, and if increasing eutrophication would 

render the 22m sample even more deficient in oxygen. At 

Station 1, the early August sample in 1970 was observed to have 

only 73% of saturation; further sampling might have revealed 

greater decreases of oxygen in the bottom layers. 

b. Turbidity ' · 

d . could not he compared 
Although the Secchi disc rea 1ngs 

with previous years, 
as has been done in more conclusive 

di by a Var iety of authors (Introduction, 
studies of turbi ty 

pp. 11 - 16), comparisons among the 
three locations produce some 
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interesting results. ~inimum transparencies which developed 

and February ~~ere similar to those described by in November 

Will6n (195Q) in GSrviln Hay of Lake Hilaren off the Baltic 

Sea. H e c o r r e 1 a t e d m i n - m u m v i s i b i 1 i t y 1vi t h t h e s p r in g an d 

autumn turnover as the circulation pattern developed. 

Despite the overwhelmin~ data against the correlation 

of Secchi disc readings \ofith biological production in estuaries, 

some conclusions can be made from tl1is study. Furthermore, 

if correlations can he drawn, it can he concluded that organic 

and inorganic particulate matter is not responsible for the 

increase in turbidity in this study, as it is in many 

estuaries along the Atlantic seaboard (Introduction). 

The higher standinc crops (Figure 1~) at Station 1, 

St. John's !!arbour correspond to the comparatively lower Secchi 

disc readings, especially during the summer months. A distinct 

lower reading occurred in May, only at Station 2 and Aquaforte 

!!arbour, and coincided with the larr.e biomass associated 1vith 

the spring bloom. 
In June, at the same two stations, the Secchi 

disc readings at 1qm or deeper could be associated with a 

decrease in biomass from the previous month. 
The above 

observations for May and June did not hold for Station 1. 
Even 

though a fairly large population was 
recorded in Nay, the Secchi 

f t he entire study at that 
disc reading was the highest or 

station ( Sm). The decrease in biomass 
for June was accompanied 

by a decrease in the disc readin g . 
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It can be concluded from calculations of the extinct i on 

coefficients that the waters of Station 1, St. John's Harbour 

a re more turhicl than those of Redford Flasin(Platt ~ !!.!.·, 1970), 

although it must be remembered that not all months were sample d 

in the present study. The annual average extinction coefficient 

at Redford Basin was 0.3 as comp a red with 0.5 at Station 1. 

The average at Station 2 was 0.2; at Aquaforte narbour it was 

0 .1. The summer Secchi disc readings at Station 1 varied 

from 3 to 4m. 
The disc values in the inner Oslo Fjord are 

comparable; 
in the summers o f 1962-1965 they averag ed 3m 

(Anon., 196R). 

Although some ~eneralizations are apparent, the results 

of this study of turbidity are not entir e ly conc l usive sin c e 

discrepancies develop when the indivi dual extinction coefficients 

are correlated with the biom a ss. 
They mi g ht be more meaningf ul 

if further annual measurements of turbidity were carr i ed out 

in these are a s. 
Nevertheless, the increase i n turb i dity can 

be correlated with the hi g h standing crop a t St. John's 

Harbour durin r. th e summ e r months, an d it can be a ssumed tha t 

s e wage efflue nt s a re responsi ble fo r th e enrichment pro ce ss. 

c . Standing crop and eutrophic a t ion 

A r e vi e w of th e l i t e r a ture on the co rr e l a tion be t ween 

stand i n g c r o p a n d tr op h i c l evels i n l akes ( I nt rod uction, PP· 

1 6-2 1) 

· · t re d uce d differen t 
ind i c ated th a t v a r y1 n g e nv 1 r on me n s P 

' · 
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results. Lund (1969) and Findenegg and Ruttner in Vollenweider 

(1969a)definitely concluded that a correlation did not exist. 

Two extensive works by Findenegg ( 19fi5a ) and Pavoni (1963) 

showed that a correlation was frequently, hut not always, 

recorded. Nevertheless, in some cases incipient eutrophication 

was accompanied by great increases in biomass, e.g., Davis 

(1964), Holsinger (1955), Anderson in Fruh et al. (1966), and 

Stra;kraha and Stra~krabovi (1969). 

ln estuarine environments, nutrients from untreated 

sewage were responsible for the high standing crops and 

eutrophication in Bedford Basin, Nova Scotia (Platt ~ !!.1:.·, 1970), 

River Tyne, England (J ames and Head , 1Cl70) , and Oslo Harbour 

(Braarud, 1945). 

In the present study, Stntion 1 , St . Jc>hn 's P.a r bour had 

the highest average standing crop; 
i t was 2 .3 tines t h at a t 

Station 2, and 2 .7 tim es th::~t at Aquaforte Harbo ur. 
Therefore, 

acc ording to thi s parameter, S t. John's Harbour is m0re 

eutrophicated th an i\quaforte Ha rbo ur . 
Durin g July, 1970, the 

the 
diffe rence het t.reen the t\~O he1rhonrs \.ras m0re pronounce d ; 

standinr. crop at 

This last fac tor 

s t a t i 
0 11 

1 \-7 as fl • 7 t i me s t h a t at A q u a f o r t e . 

comP. n rahle to the d:1ta of P latt ~ a l. 
i s more 

(1970) when th e annual standing crop at Bedford 

tim es that in nearby St. ~!argaret's Bay . 

Rasi n t"as ten 
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J. ~annoplankton association with trophic levels 

According to mnny authors (Riley £.!_ !!1:_., 1949; Hiller 

and Hoore, lqSJ; Yentsch and Ryther, 1959; and Gilmartin, 

1964), in estuarine environments, nannoplankton is more 

important than net plankton, in primary production, and as 

constituents of the standing crop. Since the nannoplankton 

was considerably more abundant, especially during the summer, 

at St. John's Harbour than at Aquaforte Harbour, it can be 

assumed that additional nutrients from domestic sewage were 

responsible for the gro,vth of this group of plankton. 

Pavoni (1963) went so far as to suggest a classification 

of trophic levels based on the mean percentage of nannoplankton 

present in the population (Figure 24) . 
He found greater 

percentages of nannoplankton in the extreme environmental 

eutrophic conditions 
conditions of oligotrophy and hypertrophy: 

were dominated hy the net plankton. 
He explained these 

findings on the br1sis that there are many more species of 

nannoplankton than net plankton. 

According to Pavoni's (1963) classification, oligotrophic 

conditions are represented by 30-90 % nannopl a nkton at one end 

represented 

of 
t h e 

5 
c a 1 e , ,., h i 1 e h y p e r t r o p h i c c on d i t i o n s 

are 

1 d of the scale (Figure 
by 20-90 % nannoplankton at the ot1er en 

24) . 
Judging from th e algal composition (section f. 

Eu g lenophyceae, 
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Figure 24. Percentage biomass of nnnnoplankton compared 

to the total phytoplankton in waters of different 

degrees of trophy (schematic representation). 

From Pavoni (1963). 

and algal ~roups of Figure 24), these percentag~ place both 

St. John's and Aquafortc Hnrbours in the hypert:rophic . end 

of the spectrum. Only Station 1, St:. John's Harbour fa lls 

into the extreme of the hypertrophic range, with nannoplankton 

comprising over SO Z of the population during most of the 

sampling period. 
However, the relevancy of this classification 

is questionab le since it applies to limnolocical data. 
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e. Distribution of some major species and trophic levels 

Microflagella tes, Chlorophyceae (?) 

Lillick (1937) and Smayda (1957) noted the consistent 

abundance of microflagellates in inshore waters, in Vineyard 

Sound and in lower Narragansett Bay, respectively. Braarud 

(1945) noted that green flagellates increased considerably in 

importance in polluted waters, while they were only occasionally 

found in coastal plankton. Small microflagellates (9-llp) in 

St. Margaret's Bay, Nova Scotia constituted 93% of the total 

population in June (Saifullah, 1969). This is certainly 

comparable to the results of this study which showed that 

flagellates "A", flagellates "B", p-cells (Table VII), and 

.!:.Y_ra~..!-2~ s p. were considerably more abundant in the centra 1 

basin (Station 1) of St. John's Harbo ur than at the other two 

stations. 

Asterionclla formosa 

Asterionella ~0~ \vas described by Patrick and Reimer 

(1966) as a freshwater species most often associated with 

In this study, the species 
eutrophic or mesotrophic conditions. 

was found in large numbers only at Station 2, and then primarily 

in September (42A cells/1 at 22m) and ~ ovemh e r (Q73 c e lls/1 at 

22m; Table VII). 
This s peci e s wa s also noted in the polluted 

' · 
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harbours of Ijmuiden and in the Noordzeekanaal (Wibaut and 

Another closely related species,!· gracillima, 

to~as described hy Rice (1938) in tlte l'iver 1 ' T1ames as having 

}Joens, 1938), 

a spring and sometimes a fall maximum. 

The results from this study shotJed that Chaetoceros 

debilis occurred in greatest abundance at Aquaforte Harbour, 

tJhile Ch. decipiens and .fh_. ~~alis tJere more abundant at 

Station 1, St. John's llarbour. This is in contrast with the 

finding of Platt ~ ~· (1970) that these three species appeared 

to shoto~ no rlifference in distribution in the polluted to~aters 

of Bedford Basin and in the relatively unpolluted tJaters of 

St. Margaret's Bay. 
However, these three species of Chaetoceros 

were amonR those found to be tolerant of the effluents from the 

harbours at Ijmuiden (Wibaut and Moens, 1938). 
In the 1935 

fall diatom bloom in Oslo Fjord, i=h· decipiens and Ch. debilis 

tJe re renresented: 
especially the latter species which had its 

Rreatest populations inside the Oslo islands. 
In 1938, the 

C h a_t::__~_o_<:_~t:~ s p p , tv e r e more n u me r o us in 0 s 1 o H a r h our than outs i d e 

(Braarud, 1945). 
This last finding partially agrees with those 

of the present study. 

~t_()_£_)'}-indrus ~~~ 

~_!:_ocylindru s c.lanic:us to~ a s reported by Rraarud (1945) 

\. 
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just outside the Oslo Harbour in concentrations at the surface, 

of over 3 million cells/! in August, 19. 35 ·, in September, 

10 million cells/1 were recorded. This species was also 

described from the harbours of Ijmuiden: however, they did 

not penetrate the Noordzeekanaal (Wibaut and Moens, 1938). 

l· danicus was not represented in the present study in any 

concentrations approaching those in Oslo Fjord. The lar~est 

?Opulation was in July at the surface at Aquaforte (1,261 cells/1: 

Table VII). The Aquafortc population was always larger than 

that from St. John's. 

Nitzschia spp. 

Both Nitzschia £!~rium and N. seriata occurred in 

higher numbers at Aquaforte Harbour. The concentrations were 

fairly low: 191 cells/1 at 22m in July, 1969 for ~ · closterium, 

and 186 cells/1 at lOrn in July, 1970 for~· seriat a (Table VII). 

This disagrees with the findings for N. closterium in the Oslo 

Fjord (Braarud, 1945). It was an important constituent of the 

population in the fall of 1935, with 4 1,000 cells/1 at the 

surface in the inner Oslo Harbour. 
In th e summer of 1 9 36, it 

was the only species that had its maximum n ear the sewage supply 

area. The specie s was a lso reported from the h a rbours of Ijmuidcn 

and in the Noordzee kan a al ( Wihaut and Moens, 1938). 

Braarud and Bursa (193 9 ) in th e ir 19 3 2- 3 3 s tudy d escribed 

N. delicatissima a s a n o li g o saprob e r e s p ondin g un fa vourably t o 
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scwa~e-contaminatcd water with its greatest numbers occurring 

outside the Oslo islands. This disagrees with the distribution 

in 1938, when in July the maximum population was found in the 

inner Oslo Harbour, where there were 136,000 cells/1 at the 

surface (Braarud, 1945). This species was also recorded in 

abundance in the harbours of Ijmuiden (Wibaut and Moens, 1938). 

N. delicatissima also seemed to flourish in the nutrient-rich 

waters of St. John's Harbour, although the concentrations 

were much lower than in Oslo !!arbour ,.Tith only 2,566 cells/1 

recorded at the surface in June at Station 2. 

A comparative analysis of some major diatom species 

in this study seems to agree with Braarud's (1945) conclusion 

that, while summer populations of diatoms appeared to flourish 

in the nutrient-rich water of Oslo Harbour, there were no 

specific diatom indicators of polluted water. 

The occurrence of the silicoflagellate, Distcohanus 

it was virtually 
~eculum, ,.,as definitely a fall phenomenon; 

absent from May to August. 
Th e g r eatest n umbers occurred in 

Sel_)temher in Aquaforte llarbour 
(8~0 cells/1 at 22m) a n d in 

No vember at Station 2 (266 cells/1 at 1 0m; 
Tab l e VII). The 

' 1 b '" a s e x t r em e 1 Y 
population at Station 1, St. Johns Jar our 

Similarly, it 
sma ll, only 30 cells/1 at 1 0m in September. 

1
. "tJ"es in the ~oordzeekanaal, 

s a 1 n1 . -
was not tolerant of th e low 

' · 
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~ ~ ar~e quant~ties in the ~arbours ;although it \olas renorted ;n 1 · 

• t was reported by of Ijmuiden (Hihaut and :locns, 1938) 1 

Movchan (1970) as one of the major species located around the 

Grnnd Banks. However, it was not an important species in the 

coastal waters off Labrador (Iselin, 1Q30). 

Ceratin 

The temperate oceanic species Ceratium fusus had the 

largest numbers per liter of the ceratia, and was found in 

g reatest abundance in November at Aquaforte Harbour, when at 

lOrn the count was 237 cells/1 (Table VII). 
It may be inferred 

that the species responds to the less nutrient-rich water at 

Aqua forte. 
This ar,rees with the finding of Platt ~ ~· (1970) 

that c. fusus was more prevalent in St. Margaret's Bay than 

in the polluted waters of Bedford Basin. 
It was reported as 

a sub-dominant species in St. Margaret's Hay in all seasons 

except spring, while it appeared as a sub-dominant species only 

in the fall at Bedford Basin. 

However, many authors associ a te this species with 

environments having a high nutrient content. 
In St. Margaret's 

Bay, Saifullah (1969) described ~· fusus as favouring high 

Wibaut and Moens (1938) 
temperatures and nutrient - rich water. 

described c. £usus as a species which could tolerate the sewage-

contaminated waters in the harbours o f Ijmuiden. 
Hra.arud and 

' · 
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- as a mesosaprobe and Hursn (1Q39) described this species 

o ~· 11g y-contaminated \vhich could take advantaoe of nutrients f""om 1 • hl 

waters without showing any detrimental effects. Braarud 

(1945) cautioned against using the ceratia as indicators of 

polluted water since their largest numbers were located just 

outside the main sewage supply area. The numbers in Oslo 

Fjord were much higher than those the present study; in August, 

2,100 cells/1 were recorded at the surface. 

The largest numbers of Ceratium longipes were usually 

found at Aquaforte Harbour; in November, 155 cells/1 were 

recorded from 10m (Table VII). 
However, in August, 1970, the 

species was most abundant at Station 2 with 137 cells/1 at 22m. 

The latter distribution was similar to that of Platt ~ al. 

(1970). 
C. longipes was found in greater concentrations in 

Bedford Basin than in St. Margaret 's Bay; they dominated the 

phytoplankton from July to December in the Basin. 

The oceanic species, Ceratium arcticum, reached its 

population peak in Au g ust when, at Station 2, 159 cells/1 we re 

recorded from 10m, and at Aquaforte Harbour th e re were 209 

cells/1 from 22m (Table VII). 
They did not penetrate the 

central basin (Station 1) of St. John's Harbour to any 

appreciable extent . 
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The population of the cosmopolitan species, Peridinium 

~E.!_~-~· reached a maximum in Nay. It wnc most abund~nt in 

St. John's llarbour, especially at Station 1, where 138 cells/1 

were recorded from 10m (Table VII). At Station 2, the largest 

count \vas 60 cells/1 from 10m, and a t Aqua forte Harbour it 

was 54 cells/1 from Om. 

Similar distributions were reported in two other 

nutrient-rich waters. ~· depressum was present in greater 

concentrations in the polluted waters of Bedford Ha sin where 

it was a sub-dominant species in all months e xcept Apr i l a nd 

:-lay. At St .. Hargaret's Uay, it \vas important only during the 

summer months (Platt~~·· 1970). 
The three peridinians 

identified in this st~cly, ~· depressum, 1:_. ovatum and P. 

pellucidum \vere also reported in t h e harbours o f I jmuiden b y 
------ - -' 
Wihaut and Moens (193 8 ). 

T h e n e r i t i c s p e c i e s , ~o ph v s i s nor v e g i c a , 
sho\ve d an 

irreg ular distribution p a ttern. 
Th e l a r g e s t popul a tion was 

f ound at Aqu af ort e Ha rbour \vh e r e RO cells/ 1 f rom 10m tv e r e 

at St a tion 2, t !1 e l a r ~e st numb e r s we r e recorded 
not e d in Au g ust : 

Another species 
i n Jun e with zq cclls/1 f r om 10m ( Ta ble VII). 

'· 
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of the same ~enus, Q· cllipsoides, showed a more erratic 

distribution. Th~ only collection in which it was abundant 

was in June, at Station 2, with 96 cells/1 at the surface 

(Table VII). Roth Dinophysis spp. were virtually absent at 

Station 1, St. John's Harbour. Only ~· norve~ica was recorded 

as fairly common in the coastal waters off Labrador (Iselin, 

1930) and around the Grand Banks (Movchan, 1970). 

Unarmoured dinoflagellates 

Many of the unarmoured dinoflagellates, Amphidinium sp., 

Gvmnodinium E_Ygmaeum, ~· simplex, Gymnodinium spp. "13" and 

~dinium glaucum ,.,ere abundant at all three stations 

throughout the year. However, the quantities at Station 1, 

St. John's Harbour greatly surpassed those at the other stations. 

Both the lower salinities and the high nutrient content of the 

inner harbour waters favoured the extensive ~rowth of this 

group of dinoflagellates. 
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f. Euglenophyceae as indicators of trophic levels 

The Euglenophyceae hnve often been associated with 

euxrophic conditions, both in fresh and estuarine waters. 

However, as Braarud (1945) pointed out, difficulties . arise 

when using phytoplankton as indicators of polluted or well-

fertilized waters. It is imperative that the entire population 

is considered in terms of seasonal abundance, since seasonal 

fluctuations of the phytoplankters are not directly connected 

with changes in the degree of pollution. 

Brinley (1942) regarded the presence of large numbers 

of Euglena sp. as an indication that the Ohio River was 

heavily polluted. 
Patrick (1965) in a study of streams, stated 

that Euglena and ~:!:._!..!._~~ ori a were found to be the t\vO genera 

most tolerant to pollution by over fifty percent of the 

investigators reviewed. 
However, she thought that the prevalence 

of these two species was typical of polluted (toxic efflu~nts) 
areas rather than of eu trophic (nutrient increases) areas. 

Euglena spp. were one of the more important Rroups of 

algae recorded i n the Auckland sewage treatment ponds and in 

tl1e adjacent heavily polluted waters (Hau ghey, 19A9). 
Pavoni 

(1963) fo und that large concentrations of nannoplankton species 

from the Euchlorophyceae a nd the Euglenophyta groups ~ere 
typical of hypertrophic conditions of Swiss lakes (Fi~ure 24 ). 

.,_ 
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Conover (1956) U .s ted a Eu<>lena spe i " c c es as a major" 

• ong s and Sound where phytoplankter in the inshore Paters of L I 1 

it occurred sporadically the y ear round, but flourished durin g 

the summer months when it Cl ssoci<'!ted ~o~ith "re d tides". 

Its ~ighest concentration was 217,000 cells/1. In laboratory 

experiments, it tvas found to require high nitrate concentrations 

for optimum growth. 

nraarud and Hursn (1939) described a poly s a pro h ic 

species, Eutreptia l<'!nowi, from the station nearest the Oslo 

Harbour. It was recorded in an abundance of 2 ,030, 0 00 cells/1 

in 1932-33, and was considered to be an indicator of hi g hly 

contaminated waters. Draarud (1945) noted th a t the species 

was not as numerous in th e l<J35-39 study, an cl concluded that, 

although it is charact e r i stic of po l luted waters, it cannot be 

used alone as an indicator species since its occurrence d e pends 

mainly on warm summer con d itions. 
Accordin g to Braarud, Steuer, 

in 1903, ha d described Eu_trep_ti a lanot.ri in a canal at Trieste. 

Lacke y (1 9 6 4 ) described the Eu g lenoph y ceae as a g roup 

which is euryhaline, and wh ich esp e ci a l ly s eem s to survive in 

h r a c k i s h t.Y a t e r . 
In Gre a t South Ba y, the species Eutreptia 

a n d E u t r e_E_ t i e 11 a t'' e r e r e s p 0 n s i b 1 e f o r b 1 o om s n e a r s e IJ e r o u t f a 11 s • 

I 
· · that Lack e y and Lackey (1 9 70) 

t was ind ee d v e ry s~~pr1s1ng 

found that the Euglenophyceae wer e poorly r e pre s e nt e d in the 

polluted St. John' s Harb o ur si n ce they sampl e d th e sur f ace 

' · 
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layer of the harbour at the same time as in the present study. 

The only variable was that their sample was taken from the 

shore. Euglena sp. " A' ' , as identified in this study, was the 

only large, readily detectable species which was found in 

great abundance (Results; Euglena sp. "A" ), and whose 

concentrations were consistently highest in the central basin 

(Station 1) of St. John's Harbour (Table VII). As such, it 

is the only species which may be considered as a reliable 

indicato~ of pollution. Uowever, its bloom populations did 

not persist throughout the year, and therefore the changes 

with season are not directly connected with changes in the 

degtee of pollution. Thus, the validity of this species as an 

indicator is limited. 

' · 
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SUMMARY AND CONCLUSIONS 

1. Two stations in St. John's Harbour and one station 

ept s, 0, in Aquaforte Harbour were sampled monthly at four d h 

5, 10 and 22m, during the summer and fall of 1969, and the 

spring and summer of 1970. The collections were analysed for 

dissolved oxygen, salinity, temperature and phytoplankton 

content. Secchi disc readings were also taken. 

2. Of the 85 species identified, 9 were Chlorophyceae, 

1 was an Xanthophyceae, 45 were Bacillariophyceae, 2 were 

Chrysophyceae, 3 were Euglenophyceae, 23 were Dinophyceae and 

2 were Cryptophyceae. There were also four unidentified 

categories: 
p-cells, flagellates, naviculoids and gymnodinians. 

3. An analysis of the seasonal variation in volumes 

of several species indicated that the interspecific variation 

was great enough to warrant continuous measurement of a species 

throughout the year, and therefore, a single set of measurements 

is invalid. 

4. The seasonal distributipn of the phytoplankton 

at the t'-1o harbours differed. 
At St. John's H::~rbour, the 

Euglenophycene were responsible for the summer maximum in the 

This peak was much larger th::~n the two d i noph ycean 
population. 

At Aquafort e Harbour, the 

increases in late fall and spring. 
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b oom. This was larRest population was the sprin" diatom bl 

• a om ncrease. The Dinophy-followed by a smaller early summer di t i 

c c a e a 1 s o
1
le x hi b i ted t '" o peaks in a r o··· t h · 1 _, ,.., w , one 1n ate summer 

and another in late fall. The presence of various maxima 

in the phytoplank~on population is typical of temperate, 

coastal environments. 

5. Considering the diatoms and the armoured dinoflagellates, 

the most abundant phytogeographical Hroup were the boreal 

forms, of which half were neritic and half oceanic, indicating 

the strong influence of oceanic water from the Labrador 

Current in an estuarine environment. 

o. It lvas established that St. John's Harbour received 

large concentrations of nutrients from untreated sewage and 

manufacturing- and processing plant effluents and was heavily 

polluted, while Aquafortc Harbour was relatively unpolluted. 

Evidence for the eutrophic state of St. John's Harbour Has 

supplied from several parameters. 

7. 
Analysis showed that the bottom layers in the central 

basin (Station 1) of St. John's Harbour Here deficient in 

oxygen especially during the summer months. 
This stagnation 

l.

·s di f tr ph1'cation Supersaturation 
an important in cator o eu o · 

of these bottom waters in November indicated that an influx of 
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ocean water had replenished this stagnant layer. At the 

Narrows (Station 2) and at Aquaforte Harbour, the waters 

were supersaturated at virtually all depths throughout the 

sampling period. 

8. The use of the Secchi disc as an indicator of 

pollution is questionable because, although the disc values 

were consistently lower at Station 1, St. John's Harbour 

than at the other two stations, the values at the former 

station were lower in November and February than in the summer 

months when the phytoplankton productivity was higher. 

9. The annual standin~ crop at Station 1, St. John's 

Harbour ~.;ras almost three times that at Aquaforte Ha rbour; 

this is directly attributable to the nutrient enrichment 

from domestic effluents. 

10. When classified by size, the phytoplankton 

consisted of 9 species of ultraplankters plus p-cells and 

flagell a tes ' ' B", 45 species of nannoplankters plus naviculoids, 

gymnodinians a nd fla g ellates "/\", a nd 31 species of net 

plankt!!rs , 
T h e 

11 
1 t r a p 1 a n k t o n ~v a s rl om i n a n t in t h e e a r 1 y f a 11 

at both harbours. 
The n a nnoplan k ton was more abundant than the 

net plankton a t b oth S t. John's Ha rbour stations, while th e 

t~vo g roups ~·rere 
found in a bout equ a l a bund a nc e at Aquaforte 

' · 
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Harbour. The large populations of nannoplankton at St. 

John's !!arbour are supported by the nutrient-rich sewage 

effluents. 

11. The distrib ution of the seven algal groups and 

their major species is discussed in some detail, and comparisons 

are mode with other eutrophic, estuarine environments: the 

Oslo Fjord in Norway , St. ~argnret's Bay and Redford Basin in 

Nova Scotia, and the harbours of I_imuiden and the :'l oordzeekanaal 

in the Netherlands. 

12. Fsp eci.1lly Euglena sp. " A", and also the nicro­

flagellates were observed in great abundance in the surface 

waters of the central basin (Station 1) of St. John's Barbour 

and they may be considered as indicators of pollution, 

recognizinr, the limitation of these s)'lecies e~s true indicato::-s 

s in c e t h e i r d om i n a n c e \~ a s r e c o r d e d o n 1 y d u r i n g t h c s u m m e r 

months. 
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APPENDIX I 

3 6 2 
Total biomass (p .10 /dm ) for each month at the three 

stations. 

HONTII STATION 1 STATION 2 AQUAFORTE 

ST. JOliN'S HARBOUR HARBOUR 

JULY, 1969 75,961 12,781 17,428 

AUGUST 34,945 15,029 14,828 

SEPTEHBER 7,957 6,157 8,984 

OCTOBER 4. 77 8 
7,981 

NOVEHBER 9,447 6. 419 9,528 

HAY, 1970 42,434 26,886 27,390 

JU:H~ 2 3. 914 18,651 7,941 

JULY 134,310 34,032 15,534 

AUGUST 15,903 15,761 18,189 

·-·---

'· 
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APPENDIX II 

Monthly biomass of the major species, expressed as a 

percentage of their respective algal groups. 

l::uglena sp "A" - EUG LENOP HY C.:EAE 

MONTH STATION 1 

ST. JOHN'S 
- - --
JULY, 1969 100 

AUGUST 100 

SEPTEH13ER 61 

OCTOI3ER 100 

i'lOV EHBER 4 

i'!AY, 1970 2 

JUNE 98 

JULY 100 

AUGUST 99 

p-ce11s - CHLOROPHYCEAE 

JULY, 1969 

AUGUST 

SEPT EHBER 

OCTOBER 

NOV ImBER 

;-lAY, 19 70 

JUN E 

JULY 

AUGUST 

69 

93 

91 

99 

88 

97 

99 

9 3 

97 

STATION 

HARBOUR 

95 

100 

47 

2 

1 

9 2 

99 

96 

87 

37 

8 8 

3 4 

99 

8 7 

94 

9 6 

2 

- - ------ -------- --------------- ------- ---

AQUAFORTE 

HARBOUR 

100 

97 

100 

0 

5 6 

41 

82 

78 

8 3 

8 7 

8 7 

6 7 

9 7 

9 7 

91 

(Cont'd.) 
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APPENDIX II (Cont'd.) 

HONTH STATION 1 STATIO!'; 2 

ST. JOHN'S HARBOUR 

Navicula spp. liD II - BACILLARIOPHYCEAE 
--··---

JULY, 1969 1 1 

AUGUST 65 57 

SEPTEHBER 27 49 

OCTOBER 66 

NOVEN13ER 68 55 

HAY, 1970 4 5 

JUNE 67 21 

JULY 6 53 

AUGUST 19 53 

.t-iavicu1a spp. ';B" - HACILLARIOPHYCEAE 

JULY, 1969 7 1 

AUGUST 11 

SEPTEHBER 7 11 

OCTOBER 6 

NOVEHBER 4 0 

HAY, 1970 0 0 

JUNE 7 5 

JULY 2 6 

AUGUST 9 10 

- - ·--

Chaetoceros spp. - BACILLARIOPHYCEAE 

59 69 
Hay, 1970 ----

AQUAFORTE 

HARBOUR 

4 

1 

19 

46 

42 

3 

15 

3 

79 

0 

1 

16 

5 

8 

1 

7 

2 

9 

8 2 

' 
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APPENDIX II (Cont'd.) 

:-IONTH STATION 1 STATION 2 

ST. JOHN'S UARBOUR 

--------------

Peridinium depressum - UINOPHYCEAE 

JULY, 1969 0 6 

AUGUST 2 21 

SEPTEHllER 9 10 

OCTOBEK 6 

NOV .t::NllER 9 8 

HAY, 1970 90 81 

JUNE 47 57 

JULY 1 9 

AUGUST 17 15 

Ceratium 1ongipes - lHNOPHYCEAE 
------

JULY, 1969 8 

AUGUST 
10 

SEPTEHBER 5 39 

OCTOBER 5 

NOVEHBER 26 37 

i·IAY, 1970 l 0 

1 3 
JUNE 

0 4 
JULY 

2 25 
AUGUST 

AQUAFORTE 

HARBOUR 

51 

19 

29 

16 

10 

80 

54 

49 

18 

12 

35 

4 

29 

l 

2 

0 

8 

' 
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APPENDIX II (Cont'd.) 

HONTII STATION 1 STATION 2 

ST. JOHN'S HARUOUR 

Ceratium arcticum - UINOPHYCEAE 

JULY, 1969 0 9 

AUGUST 8 

SEPTEHJ.IER 1 1 

OCTOBER 

NOVEHBER 8 17 

HAY, 1970 0 

JUNE 4 5 

JULY 1 7 

AUGUST 2 41 

G1enodinium sp. - DINOPHYCEAE 
- ·----

JULY, 1969 80 17 

AUGUST 7 52 

SEPTEHBER 3 1 

OCTOBER 37 

5 3 
NOVENI.IER 

0 0 
NAY, 1970 

0 0 
JUNE 

0 1 
JULY 

4 3 
AUGUST 

-------

AQUAFORTE 

HARBOUR 

6 

16 

1 

5 

0 

2 

2 

37 

2 

4 

2 

3 

1 

1 

8 

20 

3 

' 

I' 
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APPENDIX II (Cont'd.) 

HONTH STATION 1 STATION 2 

ST. JOHN'S HARBOUR 

Gymnodinium spp. "B" - UINOPHYCEAE 

JULY, 1969 6 1 

AUGUST 81 2 

S EP 1' El·lB ER 7 3 

OCTOBER 2 

NOVEHBER 6 2 

HAY, 1970 0 

JUNE 3 0 

JULY 88 65 

AUGUST 5 1 

Gyrodinium spira1e - UINOPHYCEAE 

JULY, 1969 2 5 

AUGUST 0 0 

SEPTEHBER 4 2 

OCTOBER 

NOVEHBER 2 9 

HAY, 1970 3 10 

7 7 
JUNE 

1 2 
JULY 

1 4 
AUGUST 

AQUAFORTE 

HARBOUR 

3 

2 

3 

0 

1 

0 

0 

1 

8 

16 

5 

8 

4 

12 

19 

17 

7 
' 
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APPENDIX II (Cont'd.) 

i·10NTH STATION 1 STATION 2 

ST. JOHN'S HARBOUR 

Gym~odinium pygmaeum - DINOPHYCEAE 

JULY, 1969 1 

AUGUST 4 0 

SEPTEHBER 15 0 

OCTOBER 1 

NOVEI-lBER 8 1 

HAY, 1970 1 0 

JUNE 18 2 

JULY 4 1 

AUGUST 21 1 

AQUAFORTE 

HARBOUR 

3 

1 

2 

0 

1 

1 

2 

2 

3 
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