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1 .  SUMMARY 

Standing stock and in situ primary productivity of the 
southern Beaufort Sea phytoplankton were determined during 
the summers of 1973, 1974 and 19 7 5 .  Average cell numbers 
were 10 times greater at inshore stations than at offshore 
stations at corresponding depths while the rate of primary 
productivity was 2 to 8 times greater at inshore stations . 
Cell numbers ranged from 2.0 to 4802 . 0  X 103 cells/I , while 
integrated productivity values averaged 47 . 45 mg' C/m2/h for 
inshore stations and 8 . 82 mg C/m2/h for offshore stations .  
Possible reasons for a greater standing stock and primary 
productivity at inshore stations are discussed . 

The largest group represented was the Bacillariophyta 
with 64 species , followed by the Pyrrophyta with 5 species , 
the Chrysophyta with 3 species , the Chlorophyta with 2 species 
and the Euglenophyta and Cyanophyta with 1 species each . There 
\'ere at least 87 species.identified . 

The phytoplankton community consisted mainly of diatoms 
and flagellates . Diatoms dominated the inshore stations and 
flagellates were more abundant at offshore stations . Possible 
reasons for this unique distribution are discussed . 

Diatoms were more sensitive than flagellates when they 
were exposed to crude oils , Corexit and crude oil-Corexit 
mixtures . The toxicity of crude oil-Corexit mixtures on algal 
photosynthesis and growth was greater than crude oil or Corexit 
alone . Possible long-term ecological consequences of such 
differential sensitivity and selective toxicity are discussed . 

Primary production of seaweed was severely inhibited by 
all types of crude oil at relatively low concentrations . 

2 .  INTRODUCTION 

Planktonic and attached plants are the primary producers 
in marine food chains; they transform light energy and fix 
carbon dioxide into organic matter which can readily be transmitted 
to higher levels in the food chain . The measurement of the rate of 
fixation is therefore of the greatest importance to fisheries . In 
addition , their photosynthetic activity is important in the generation 
of oxygen needed by all organisms . Standing crops and productivities 
of marine plants are controlled by environmental factors such as 
light , temperature , salinity , available nutrients , growth substances, 
animal grazing and interactions with other organisms . Marked changes 
in the marine environment may directly or indirectly affect 
standing crops and productivities , and consequently disturb ecosystems . 
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In the near future large quantities of crude oil may be 
available from the Beaufort Sea area . The oil will be transported 
by tankers or through pipelines to the south for refining . In 
addition to spillage from tankers, blowouts from offshore wells may 
cause widespread oil pollution . It is only a matter of time before 
significant quantities of oil are spilled into the surrounding 
marine environment . 

After a spill, oil starts to dissipate at se�, and is washed 
on and off the beaches by wind, waves and tidal currents. This 
means that contamination varies continuously and it is impossible 
to determine accurately the amount of oil that any one area is 
exposed to . 

Spilled oils are frequently cleaned up by means of spraying 
chemical dispersants such as Corexit . The dispersant itself may 
be toxic to marine life . 

The best procedure for assessing damage to the environment is a 
comparison of the ecology and biota of an area before and after an  
oil spill . 

Owing to the complexity of most natural marine communities, and 
the multiplicity and variability of the environmental factors acting 
upon them, it is usually difficult to identify and quantify the effects 
of oils on the entire community or a given species within it . For 
this reason, it was desirable to carry out bioassays employing laboratory 
cultures of a single species which could be subjected to changes in 
concentration individually under controlled conditions . However, the 
ultimate proof that laboratory-derived culture and bioassay data 
reflect reality must come from studies of natural marine communities . 

The project's objective is to determine the baseline of primary 
productivity and the potential impact of oil pollution on primary 
productivity in the Beaufort Sea . This information may provide a 
greater appreciation of the indirect effects of oil pollution upon 
higher trophic levels and fish stocks of the Beaufort Sea . Such 
baseline data are essential for the early detection of deleterious 
environmental changes resulting from oil exploration and production 
activities . 

3 .  RESUME O F  CURRENT STATE O F  KNOWLEDGE 

As early as 1936, Galtsoff found that crude oil was toxic to the 
growth of the diatom, Nitzschia cZos terium. Mommaerts-Billiet ( 1973) 
reported that growth of the marine nannoplankton, PZatymonas tetratheZe 
was inhibited more in a mixture of crude oil and emulsifier than in 
crude oil alone . Strand et aZ. (1971) developed toxicity test procedures 
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to evaluate the relative toxicity of oil , chemical dispersants , and 
oil-dispersant mixtures to marine phytoplankton grown in pure culture . 
Nuzzi (1973) showed that soluble constituents of #2 fuel oil had an 
inhibitory effect on the growth of Chlamydomonas sp. , Chlorella sp. 
and Sceletonema cos tatum in axenic cultures and also impaired natural 
populationsof phytoplankton . Pulich e t  al. (1974) used the same fuel 
oil to test the growth and photosynthesis of Texan Marine microalgae . 
They found that the diatom Thalassiosira pseudonana was very sensitive 
to #2 fuel oil . Gordon and Prouse ( 1973) demonstrated that 3 types of 
oil inhibited phytoplankton photosynthesis and that the degree of 
inhibition depended upon oil type and concentration. Kauss e t  al . (1973) 
found that the toxicity of crude oil to freshwater algae varied from 
inhibition to stimulation of growth . They explained this as probably 
due to the interaction of biological and physical variables. 

Alexander et al. ( 1972) found that primary productivity was 
significantly depressed and seasonal succession of algal species was 
reduced in an oil-polluted small pond in' Alaska. Hellebust e t  al . (1975) 
monitored an experimental crude oil spill on a small subarctic lake in 
the Mackenzie Valley. They found that the presence of crude oil had no 
significant effects on phytoplankton composition or abundance throughout 
the growth season , but had a marked inhibitory effect on most members of 
the periphyton . They also noted a considerable stimulation of growth of 
the blue-green alga Oscillatoria angus tissima . 

Any seaweed species will be killed if completely covered by a thick 
layer of crude oil for a long period of time ( Smith , 1970) . Craigie and 
McLachlan (1971) observed that the brown fucoid seaweeds , Fucus serratus , 
F. vesiculosus and Ascophyllum nodosum , considerably polluted by Bunker C 
oil following the II Arrow II incident did not exhibit any noticeable toxic 
effects in mature or juvenile stages . 

Holmes ( 1969) found that oil strongly adhered to the red algae 
Endocladia and Porphyra spp . , and resulted in death of these species. 
Similar observations were made following the IITorrey Canyonll accident 
( Smith , 1970) . Total primary productivity in kelp beds following the 
IITorrey Canyonll accident was greatly reduced in heavi ly poll uted areas 
( Bellamy and Whittick , 1968) . Shiels e t  al. (1973) found that the 
concentrations of crude oil in seawater necessary to cause a specific 
degree of photosynthetic inhibition apparently changes seasonally 
depending on physical and chemical factors and on the species composition 
and relative abundances . They also found that photosynthetic inhibition 
occurred in Laminaria saccharina, Cladophora s timpsonii and Ulva 
fenes trata at 7 ppm Prudhoe Bay crude oil , whereas other species were 
not significantly affected at this concentration . 

More recently , Walker et al . ( 1975) isolated a petroleum-degrading 
achlorophyll alga , Pro to theca jopfii from Colgate Creek in Chesapeake Bay. 
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4. MATERIALS AND METHODS 

4.1 Study areas and algal collection 

4.1.1 Phytoplankton 

Water samples containing natural populations of phytoplankton 
were collected with a van Dorn sampler from different depths at 
various locations in the Beaufort Sea and Eskimo Lakes (Fig. 1) . 

Live phytoplankton subsamples were concentrated on 0.45 � 
Millipore membrane filters, and placed in 6-oz Aladdin insulated 
thermos jars with a small amount of seawater at low temperature 
(about 2°C) . The therma; jars were packed in a styrofoam box 
with ice packs and shipped back to the Arctic Biological Station 
for cul ture s tudi es. 

4.1.2 Seaweeds 

The sporophytes of Laminaria sp . and Phy ZZophora sp. were 
respectively collected by SCUBA divers from station 560 in 
Liverpool Bay and station 561 in the Eskimo Lakes (Fig. 1) . They 
were placed in a bucket with seawater and transported to the field 
laboratory . Prior to the experiments, they were kept in a cage 
with a float and suspended at 2 metres depth near the field camp 
(69°25IN, 131° 16IW) . 

Some plants were wrapped with seawater-moistened paper in 
a styrofoam box with ice packs and transported to Ste . Anne de 
Bellevue where they were maintained under continuous light at 
an intensity of 100 lux, at a temperature of 1°C and a salinity 
of 16  % 0  in a recirculating seawater tank until use. 

4.2 Culture medium and conditions 

The culture medium used was an artificial seawater, ASP 2 
(Provasoli et aZ ., 1957) with the addition of 0.126 mg Na2Mo04'2H20 
and 19.2 mg NaHC03 per 100 ml. The pH was adjusted to 7.B. When 
it was used for carbon-14 uptake experiments, the unlabelled 
NaHC03 was omitted. 

All experiments were carried out under unialgal culture 
conditions, and incubation took place in controlled environment 
incubator shakers (New Brunswick Scientific Co.) . These were 
continuously illuminated with eight 20W Westinghouse F24T12 high 
output, coolwhite fluorescent tubes at an intensity of 1650 lux, 
and were shaken continuously at a speed of 200 rpm. 
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Experiments on the effect of temperature were carried out 
at O�. 5°and 10°C. 

4.3 Phytoplankton isolation and unialgal cell suspension 

The concentrated phytoplankton cells on Millipore membrane 
filters were grown in 100 ml of ASP 2 in 125 ml Erlenmeyer flasks 
in a Percival Plant Growth Chamber (Model 1-60 LVL). The flasks 
were kept at 10°C and continuously illuminated with cool white 
fluorescent tubes at a light intensity of 1650 lux. After 2 weeks, 
all flasks were examined for live phytoplankton. Samples of the 
phytoplankton were then streaked on an agar surface of ASP 2 medium 
(solidified with 1.5% agar) in a petri dish. After 2 weeks incubation, 
a variety of colonies formed; several colonies were selected for 
identification. By repeated subculturing and streaking on agarized 
ASP 2 medium, unialgal cultures of 5 dominant species, i .e .  
Chlamydomonas sp., Chaetoceros sp., Navicula sp., Nitzschia sp. 
and Thalassiosira sp. were obtained. All unialgal isolates were 
finally transferred to agar slants in test tubes. These cultures 
were maintained under continuous illumination at an intensity of 
100 lux and 1 °C and were then routinely transferred once every 4 weeks. 

All species of phytoplankton used for laboratory experiments 
were obtained �uring the exponential growth phase of unialgal 
cultures which were grown in ASP 2 liquid medium for 7 to 10 days. 
Unialgal cell suspensions were adjusted with ASP 2 medium to 
4.8 x 105 cells/ml. Twenty ml of this suspension were added to 
each flask containing 180 ml of oil- and/or Corexit-treated media, 
and thus all experiments were started with a concentration of 
4.8 x 104 cells/ml. 

4.4 Preparation of oil- and Corexit-treated seawaters, and oil-Corexit 
mixtures 

4.4.1 Oil- and Corexit-treated seawaters 

Corexit 8660 and four different types of crude oil were 
used in this study and were applied to the phytoplankton and 
seaweed in two ways; emulsion and oil slick. 

4.4.1.1 Oil-seawater emulsion 

Three concentrations of oil-seawater emulsions used in 
the field were prepared as described by Percy and Mullin (1975). 

4.4.1.2 Oil slick and Corexit addition 

Five different quantities (0, 2, 20, 200 and 2000 �l) 
of crude oil or Corexit were taken by Pipetman p20, p200, 
p1000 and p5000 (Gilson Co., France) , and were directly 
added to 180 ml of ASP 2 medium in the 250 ml screw-capped 
Erlenmeyer flasks. 
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4 . 4 . 2  Oil-Corexit mixtures 

Two �l of oils and Corexit were each added to a 250 ml 
screw-capped Erlenmeyer flask containing 180 ml of ASP 2 
medium; the disposable pipette tips were rinsed with the 
medium 15  times . 

4 . 5  Measurements of primary production 

4 . 5 . 1 Standing stock determination 

Standing stock was measured by cell counts . The methods 
of phytoplankton preservation� identification and enumeration 
are described by Foy and Hsiao (1976) . 

4 . 5 . 2 Carbon-14 method 

4 . 5 . 2 . 1  Phytoplankton 

The method for carbon-14 uptake generally followed 
procedures outl ined by Stri ckl and and Parsons (1968) . For 
in situ experiments� one ml of 10 �Ci of NaH14C03 (NEN Canada) 
was-aaded to each 300 ml BOD light and dark bottle with a 
phytoplankton sample of known total carbonate content . 
Duplicate bottles were set up� well stoppered and suspended 
on a line which was anchored by 2 heavy lead weights and 
buoyed vertically by a float . The bottles were placed at 
predetermined sampling depths or in a seawater-cooled water 
bath for 4-6 hours under natural sunlight and temperature . 
After incubation� the in situ labelled phytoplankton was 
killed by adding 1 ml of 40% formaldehyde neutralized with 
calcium carbonate . As soon as the labelled samples were 
shipped back to the field camp, they were filtered through 
Millipore HA type 47 mm diameter filters . 

In laboratory experiments, the 250 ml screw-capped 
Erlenmeyer flasks containing 200 ml of test culture medium 
and phytoplankton species were held in controlled environment 
incubator shakers at the standard culture conditions for 
a 30 to 60 min period of eq�ilibration prior to addition of 
100 �l of 10 � Ci NaH14C03• Following the addition of 
radioactive carbon� triplicates of 5 ml of labelled 
phytoplankton samples were taken after incubating for 4� 
8� 12� 24� 48� 72 and 96 hours . They were immediately 
filtered through Millipore HA type 25  mm diameter filters . 

Both in situ and laboratory labelled samples were 
filtered under-a-vacuum of 380 mm Hg� and rinsed with 5 ml 
of 0 . 00 1  N HCl made with prefiltered natural seawater or 
ASP 2, to remove inorganic radioactive bicarbonate solution 
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retained on the filter . The wet filters were 
transferred to glass scintillation vials containing 15 ml 
of liquid scintillation cocktail, Aquasol-2, and well 
agitated, and then counted for 10 min with a Nuclear 
Chicago Isocap 300 liquid scintillation system. After 
counting, 10-100 �l of carbon-14 labelled liquid toluene 
standard was added to each sample, and all vials were 
recounted. 

4.5.2.2 Seaweeds 

For in situ experiments, both Laminaria SPa and 
Phy ZZophora �blades were cleaned with Kimwipes to 
remove epiphytes . Then discs of Laminaria blades were cut 
from meristematic tissues with a cork borer (size #6) . 
Phy ZZophora blades were cut with a razor blad� at the end 
of the 1st dichotomy and pieces with a length of about 2 . 0  cm 
were selected. Eight discs·of Laminaria or 4 pieces of 
PhyZZophora were carefully selected and placed with the oils 
to be tested into 300 ml BOD light and dark bottles filled 
from a single batch of Millipore erefiltered natural 
seawater. One ml of 10 � Ci NaHl C03 was added to each 
bottle. The bottles were stoppered and then held vertically 
on the 1 ine at 2 metres depth for 4 to 8 hours at station 507 
under natural sunlight and temperature. After incubation, 
all bottles were injected with 1 ml of 40% formaldehyde 
neutralized with calcium carbonate to kill the plants, and 
thus stop photosynthesis. The bottles from in situ 
experiments were kept in a light-proof box, and transported 
to the field camp. All blades were removed from the bottles 
then rinsed with 0.001 N HCl made with Millipore prefiltered 
natural seawater or ASP 2, blotted dry with Whatman filter 
paper, and then placed on aluminium trays to dry in an oven 
overnight at a temperature of 70.oto HO °C . 

The dried Laminaria and Phy ZZophora pieces were placed 
in tightly capped vials and stored in a desiccator in a 
freezer until radioassay. Using a metal spatula, the dried 
seaweeds were crushed to very fine pieces to facillitate 
weighing out approximately 20 mg subsamples . 

To make algal tissue soluble for scintillation 
counting, Lobban's method (1974) was generally followed. 
The dried, crushed subsamples of 14C labelled Laminaria 
and Phy Z Zophora were first rewetted with 0.2 ml of 
distilled water in thp, scintillation vials for 2 hours. 
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0.2 ml of 60% perchloric acid was then added and 
swirled, followed by the addition with swirling of 0.4 ml 
of 30% hydrogen peroxide. The vials were capped tightly 
and the samples were placed in an oven at 700to 80°C for 
2 hours with agitation every 15  minutes . After digestion, 
the vials were allowed to cool to room temperature . 
Sample preparation was completed by addition of 6 ml of 
2-ethoxyethanol and 10 ml of cocktail containing 6 g PPO 
(2,,5-diphenyloxazole) per liter of toluene. The vials 
were recapped and shaken thoroughly several times, then 
placed in the scintillation counter for 3 x 10 minute 
counts for each sample. After counting, 50 �l of 
14C-toluene standard was added to each sample, and all 
vials were recounted . 

All counts were corrected for efficiency by the 
internal standardization method of Schindler ( 1966). The 
counting efficiency was calculated as follows: 

Cl - C Counting efficiency E = 
S 

where Cl = the number of cpm measured after 
addition of the toluene standard . 

C = the number of cpm of the sample alone. 

S = the actual radioactivity of toluene 
standard added in disintegrations per 
minute . 

Corrected carbon - 14 uptake (dpm) = -f-
Carbon-14 measured photosynthesis 

where 

(RL - RO) X Cr X 1.05 
P = R X T 

P = photosynthetic production, mg C/m3/h 

R = absolute activity (dpm) of carbon- 14 
added to sample 

RL = uptake carbon-14 in dpm from light bottles 

RO = uptake carbon-14 in dpm from dark bottles 

T = time of incubation in hours 

1 . 05 = isotope correction factor 

Cr = total carbonate content of seawater in 
the BOD bottle as mg C 

4 . 6  Measurement of phytoplankton growth 

The duration of the growth experiments was approximately 10 to 20 
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days, depending on temperature tested . Every 2 days or at the 
end of the experiment, 5 ml aliquots were taken from the cultures . 
They were placed into test tubes, and killed by heating in a water 
bath at 30°C . Cell counts, for most of the phytoplankton cultures, 
were made with an AO Spencer hemacytometer, 0 . 1 mm deep, having 
Improved Neubauer rul ing . For ThaZassiosira sp . a Fuchs-Rosenthal 
hemacytometer, 0 . 2  mm deep, was used . 

4 . 7 Determination of stimulation and inhibition 

In order to determine the stimulatory or inhibitory response 
to the oils and/or Corexit, the cell count or photosynthetic 
production of each oil- and/or Corexit-treated sample was divided 
by the cell count or photosynthetic production of its control, 
and then multiplied by 100 . A percentage less than 100 indicates 
that oil and/or Corexit inhibits cell growth and radiocarbon 
uptake, while a percentage greater than 100 indicates stimulation . 

5 .  RESULTS 

5 . 1  Standing ·stock, community structure, species composition, distribution 
and abundance of natural populationsof phytoplankton 

5 . 1.1  Standing stock 
The standing stock in the euphoti!c zone of the southern 

Beaufort Sea as measured by cell counts, decreased with 
increasing distance from the shore . The highest standing stock 
valu� 4802 . 0  X 103 cells/l, was encountered at inshore station 
575; all other stations ranged from 2 . 0  to 654 . 0  X 103 cells/l . 
The averaged standing stock ranged from 7 . 2 3  to 240 . 4  X 104 
cells/l for the inshore stations and 7 . 0  to 205 . 8  X 103 cells/l 
for offshore stations . Values for the inshore stations were 
consistently 10 times higher than nearby offshore stations . The 
standing stock in the water column was predominantly in the 
upper 1 metre at ice stations, in the upper 5 metres at open water 
stations . It then decreased with increasing depth (Fig . 2 ) . 

5 . 1 . 2  Community structure 

There were 5 distinct phytoplankton communities in the 
southern Beaufort Sea, including diatoms, flagellates, 
dinoflagellates, chrysophytes and blue-green algae . Diatoms 
were generally dominant in numbers and total species represented 
at each station. Diatoms and flagellates were the most abundant, 
followed by dinoflagellates and chrysophytes; the blue-green 
algae were the least abundant . Their distributions varied with 
locality, depth and environmental conditions . Diatoms accounted 
for 5 2 . 0% to 99 . 5% of the phytoplankton at inshore stations and 
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5 . 1% to 20 . 0% at offshore stations, with the exception of 
station 14 . The flagellate community was the most abundant 
at offshore stations where it formed up to 89% of the population, 
then decreased to about 0 . 7% of the total phytoplankton population 
at inshore stations. Dinoflagellates occurred more frequently 
at offshore stations than at inshore stations, with the 
exception of station 530 . The chrysophytes were abundant 
particularly at offshore station 9 where they constituted from 
39% to 40% of the population; at other stations they formed 
less than 1% . At inshore stations they accounted for about 
0 . 5% to 3 . 8% of the phytoplankton. The blue-green algal community 
was occasionally found at inshore stations ranging from 0 . 6% to 
1 . 3%, but it was very rare at offshore stations, except at 
station 14 where it made up 1 . 0% of the total phytoplankton 
population. 

5 . 1 . 3  Species composition, distribution an9 abundance 

There were 51  genera and 87 species of phytoplankton 
identified from the Beaufort Sea and Eskimo Lakes (Table 1) . The 
species composition, distribution and abundance are given in detail 
in a technical report by Foy and Hsiao (19 76). 

There was a very conspicuous difference between the low 
salinity surface layer (1-5 m )  and the more saline layer below, 
with the exception of station 575 . Above 5 metres, all species 
of phytoplankton were relatively more abundant than at greater 
dept�. Below there was a distinct reduction both qualitatively 
and quantitatively in the phytoplankton population. 

Highest counts of Bacillariophyta were found at station 575 
at 7 metres depth during early August, with the maximum total 
number of Chaetoceros spp. being 4, 692, 000 cells/l, when c. 
sociaZis� c. septentrionaZis� C. decipiens� c. �ighamii and c. 
ceratosporum were the most common species. The greatest number 
of Chlorophyta found was ChZamydomonas sp. with 21, 000 cells/l 
in the surface water of station 29 in early August; of 
Euglenophyta the greatest number was EugZena sp. with 88,000 
cells/l encountered at station 22 at 1 metre depth. Dinobryon 
baZticum, obtained from the surface water of station 575 in early 
August, comprised the highest count of Chrysophyta found, while 
GoniauZax catenata in quantities of 166, 000 cells/l at station 
22 at 1 metre during mid-August gave the greatest number of 
Pyrrophyta. The species of Cyanophyta were never abundant, 
ranging from �OOO-�OOO cells/l, and were occasionally found 
in the waters of the upper 5 metres at inshore station 530, 540 
and 527 during late July; they were found at only one offshore 
station (#14) at 1 metre depth during mid-July in numbers of 
1000 cells/l. 
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The distribution of dominant species of phytoplankton 
is listed in Tables 2 and 3 .  Three phytoplankton blooms 
occurred at inshore stations: A Melosira islandica bloom was 
found in the surface water at station 562 and 527, in early 
May and late July, respectively . A Chae toceros spp . bloom was 
observed at station 575  at 7 metres depth during early August . 
A Goniaulax catenata bloom was noted at station 22 at 1 metre 
depth during mid-August . 

Only flagellates formed blooms at offshore stations 
occurring at 2 different times and depths: the first was found 
during August at stations 29 and 544 from the waters of 1 metre 
and surface, respectively; the second was noted during late 
August and early September from the statioffi552 and 559 at 3 
metres depth . 

5 . 2  In situ primary productivity of southern Beaufort Sea 

The ver'tical distribution of in situ gross primary productivity 
of phytoplankton in the southern Beaufort Sea varied from the lowest 
value of 0 . 17 mg C/m3/h at 1 metre depth at station 566 during early 
July, to the highest value of 8 . 8 mg C/m3/h at 7 metres depth at 
station 5 75 during early August ( Fig . 3 ) . The average rate of 
primary production for inshore stations was generally 2 to 8 times 
higher than that at offshore stations with respect to the corresponding 
depths ( Table 4 ) . The maximum averaged production of inshore 
stations was 7 . 41 mg C/m3/h at 1 metre ,and at offshore stations was 
1 .  67 mg C/m3/h at 7 metres. Then;" pri'"mary producti on decreased with 
increasing depths for both stations . 

Integrated productivity values for inshore stations were 45 . 4  
to 49 . 5  mg C/m2/h and at offshore stations ranged from 4 . 1 to 18 . 2  
mg C/m2/h ( Table 5 ) . The water column productivity averaged 47 . 45 
mg C/m2/h at inshore stations, and 8 . 82 mg C/m2/h at offshore stations . 
The respective means were 1 1 38 . 8  mg C/m2/day and 2 1 1 . 65 mg C/m2/day . 
The most productive regions in the southern Beaufort Sea were found 
at inshore stations 22 and 575 . The rate of primary production at 
inshore stations was 5 times greater than that at offshore stations . 

5 . 3  In situ primary productivity of Eskimo Lakes 

The vertical distribution of in situ gross primary productivity 
of the Eskimo Lakes showed a maximum at 3 metres depth of 1 . 7  
mg C/m3/h and a minimum at 30 metres depth of 0 . 14 mg C/m3/h 
( Table 6, Fig . 4 ) . 
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In tegrated wate r  co l umn rates vari ed from 6.6 to 15.2 
mg C/m2/ h  or 158.4 to 364.8 mg C/m2/day ( Tab l e  7 ). The ave rage 
ra te was 1 1.5 mg C/m2/h  or 275.1 mg C/m2/day . S tati on 515  
apparen tly was the mos t producti ve in  the E s k i mo Lakes . 

5.4 E ffects of o i l s, Corexi t and oi 1 -Corexi t mi xtures on phytop l ankton 
primary producti vi ty 

5.4.1 � s i tu oi l toxi ci ty tes ts 

5.4.1.1 Oi l -seawater emul s i on 

The res ul ts of s tudi es on the effects of  l i gh t  and 
heavy emu l s i ons of crude oi l s  on phytopl ankton pri mary 
p roducti on are presen ted i n  Fi g .  5 .  Th i s  i ndi ca tes tha t  
heavy emul s i on con centrati ons are 1.5 t o  3 ti mes more 
toxi c than are l i ght con cen trati ons . Venezue l a  crude o i l 
was the mos t toxi c to the phytop l ankton . It caused 58% 
and 82% i nh i b i t i on wi th l i ght  and heavy emul s i ons  
res pe cti ve l y .  

Hea vy emu l s i on concentrati ons of the th ree crude oi l s  
were tes ted agai n at  s tati on 507. Pri mary producti on was 
i nh i b i ted by 7 8.4%, 7 7.7% and 75.2% by the Atk i ns on Poi n t, 
Norma n We l l s  and Venezue l a  crude oi l s, res pecti vel y  ( Fi g .  5 ) .  

5.4.1.2 Oi l s l i ck addi ti on 

The effects of 4 types of oi l at a con centrati on of  
1 � 1 / 100 m1  on  the pri mary producti vi ty of natura l  pop u l ati on 
of phytopl ankton i n  the so uth ern Beaufo rt Sea and Es k i mo Lakes 
we re determi ned . The res ul ts of thes e tes ts are presented 
i n  Tab l es 8 and 9. 

Val ues for the Beaufort Sea s amp l es ranged from 
65.9% to 100.8% with the addi ti on of Atki nson Poi nt  crude, 
from 53.7% to 156% i n  the presence of Norman Wel l s  crude, 
from 75.9% to 184.1% i n  the s amp l es treated wi th Pembi na  
crude, and  from 76.7% to  184.6% i n  the s amp l es exposed to 
Venezue l a  crude ( Fi g .  6 ) .  The i r res pecti ve average rates 
were 88.7%, 10 1.0%, 1 16.6% and 105.1% of the contro l s .  
These i ndi cated that Atk i n s on Poi nt crude caused 1 1.3% 
i nh i bi ti on, wh i l e  Norman Wel l s  crude di d not affect 
product i on s i gn i fi cantly and Pemb i n a  and Venezuel a crudes 
exhibi ted 16.6% and 5.1% s ti mul ati on res pecti ve l y .  

The prima ry producti vi ty of natura l  popu l ati ons o f  
phytopl an kton i n  the E s k i mo Lakes was i nh i b i ted 27.8%, 
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14 . 8%, 12 . 6% and 30 . 1% res pecti ve ly by exposure to 
Atk i ns on Poi nt , Norman Wel l s ,  Pemb i na and Venezue l a  
crude o i l s  ( Fi g .  7) . Venezue l a  crude was th e mos t 
toxi c to phytop l ankton . 

Producti on rates vari ed w i th oi l types and s peci es 
compos i ti on contai ned i n  each of the s tati on  s ampl es 
tes ted ( Tab l es 10 an d 11) .  

5 . 4 . 2  l!!. s i tu ,  oi l s ,  Gorexi t and oi l -Corex i t  mi x tures tox i ci ty tes ts 

The res u l ts of th e e ffects of o i l s ,  Corex i t  and oi l -Co rexi t  
mi xtures at a concentrati on of 1 �1 /100 m l  o n  the pri mary 
product i vi ty of nat ural pop u l at i ons  of phytopl ankton s ampl es 
at s tati on  507 i n  th e Es ki mo Lakes are s hown i n  F i g .  8 .  
Average pri mary producti on was i nhfb i ted 14 . 9% by Norman 
Wel l s  crude , 10 . 7% by Pemb i na crude , 8.3% by Atk i nson Poi nt 
C rude-Corexi t  mi xture , 19 . 6% by Norman Wel l s  crude- Corexi t 
mi xture and 2 . 5% by Venezue l a  crude-Corexi t  mi xture . It 
was un affected by Vene zue l a  crude , and s ti mul ated 8 . 6% by 
Atk i ns on Poi nt crude , 14 . 6% by Corexi t  a l one and 7 . 1% by 
Pemb i na crude-Corexi t mi xture . 

The s pe ci es compos i ti on of tes t s amp l es is l i s ted  i n  
Tab l e  12 . 

5 . 4.3 Oi l toxi ci ty i n  the l aboratory cu l tures 

Pri mary p roducti on of 4 i n di genous s peci es of phy top l an k ton 
was determi ned under s tandard cul ture cond i ti ons w i th the 
addi ti ons of 4 di fferent types of oi l at a concentrati on of 
1 �1 /100 ml , at tempe ra tures of 0°, 5° and 10 °C, and for exposure 
ti mes of 4 to 96 hours . The resul ts  from the exper iments are 
g i ven i n  F i gures 9 to 12 . 

5 . 4 .  3 .  1 Ch lamy domonas s p • 

Chlamydomonas s p .  was cons i derab ly s ti mul ated by 
a l l types of crude oi l tes ted at both OO an d 5°C, and 
even for th e l onges t expos ure ti me of 96 hours ( Fi g .  9) . 
The a veraged magn i tude of s ti mu l ati on at 5°C was 3· to 5 
t i mes greater th an th at  at O °C .  Al though th e s ti mul ati on 
was s l i ghtly  decreased wi th i n creas i ng durat i on of 
exposure ti me ,  a l l types of oi l s ti l l  s ti mu l ate d 
photosynthes i s  at l east  3 and 15 ti mes greater than 
the contro l s  at O Oand  5°C , res pecti ve ly . 
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After 96 hours e xpos ure to Atki nson Poi nt ,  
Norman Wel l s, Pemb i na and Venezue l a  crude oi l s  at  
5°C, the pri mary producti on of th i s  green f l agel l ate 
was 2 1 . 1, 19.9, 16 . 6  and 14.9 ti mes res pe cti vely 
greater than th e con trol s;  even at O °C, they we re s ti l l  
4.7, 7.3, 4 . 9  and 3 . 4  t imes hi gher than the control s .  

5.4.3.2 Chaetoceros s p .  

Pri mary producti on of Chaetoceros s p .  was very 
s l i gh tly i nh i b i ted after the fi rst  4 h o urs of expos ure 
to Atk i ns on Poi nt and Norman We l l s  crude oi l s  at a l l 
temperatures (O°, 5°and 10°C) tes ted; i t  was s i gn i fi can tly 
i nh i bi ted by Venezue l a  crude oi l at 10° C, and l es s  
i nhi b i  te d at 00 and 5°C .  In contras t  Pembina  crude oi l 
s ti mu l ate d  pri mary producti on 2,4.8% at 00 C, di d not 
affect i t  at 5 °C and i nh i bi ted i t  8 . 5% at  10°C {Figs. 10, 1 1  and 12) . Genera l ly, pri mary producti on 
of  th i s  centri c di atom progres s i ve l y  decreas ed 
w ith i n creas i ng tempe ra tures and l on ger expos ure, 
t imes . The i nh ibitory effe ct was great ly pronounced 
after 96 hours of expos ure to the crude oi l s .  The 
greates t i nhi b i ti on occurred at 10°C and th e sma l l es t  
a t  O°C for a l l types of  crude oi l tes ted . For t h i s  
di atom ,  oi l toxi ci ty de creased i n  the fol lowi ng 
s equence: Venezuel a crude > Atk i n s on Poi nt crude > 
Norman Wel l s  crude > Pemb i n a  crude. 

5 . 4 . 3 . 3  NavicuZa s p . 

Pri mary producti on of NavicuZa sp . at O°C was 
i nhi b i te d  2 . 5% compared wi th th e con tro l duri ng th e 
fi rs t 4 ho urs of expos ure to Atki ns on Poi nt crude , wh i l e  
'the other 3 types o f  oi l i nhi  b i te'd photosyn thes i s rangi  n g  
from 12 . 5% to 17 . 7% o f  th at i n  the con trol s ( Fi gs .  13, 14, 
l5 and 16) . After 8 hours , the producti on i n  Atk i nson 
Poi nt crude gradua l ly i n creased w i th i n creas i ng expos ure 
t i me;  even up  to 96 hours, the p rodu cti vi ty was s ti l l 
2 1 . 3% greater than th at of th e control . S i mi l ar 
res pons es were ob ta i ned from th e ce l l s treated wi th 
Norman Wel l s  crude , Pembi n a  crude and Venezue l a  crude, 
b u t  th e st imu l atory effect was not noted unti l after 
48 hours of expos ure to th e above men ti oned crude oi l s . 
At 5°C ,  prod ucti on was mos t  i nh i bi ted and p rogressi vely, 
decre as ed w i th i n creasi ng l ength of expos ure ti me. A 
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decrease of pri mary producti on to 50% of the control 
occurred after 48 hours i n  the ce l l s  trea ted wi th 
Norman Wel l s  c rude, whi l e  i n  the other three types of 
crude o i l a 50% decrease was not noted unti l after 72 
hours of  expos ure. At 10°C, the degree of  i nh i b i ti on 
was l es s  than at 5°C wi th res pect to the corres pondi n g  
types of  oi l and expos ure ti me. 

5.4.3.4 Nitzschia s p. 

After the fi rs t  4 hours of expos ure to Atk i n s on 
Poi n t, Norman We l l s ,  Pembi na and Venezue l a  crude oi l s  
at  O °C, the primary producti on of Nitzschia sp . was 
res pecti ve l y  3.4%, 19 . 6%, 7 . 2% and 12.8% l ower than  that 
i n  the control ce l l s  ( Fi gs .  1 7, 18, 19 and 20) .  After 
8 hours, the p roducti on of  the di a tom cel l s  treated wi th 
Atki n s on Poi n t, Norman Wel l s', and Pembi na c rude oi l s  was 
8.9%, 10.3% and 18 . 7% res pecti vely greater than tha t  i n  
the con trol s,  wh i l e  the ce l l s  exposed to Venezue l a  crude 
were s ti l l  s l i ghtly  i nh i b i ted . After 12 hours,  the 
producti vi ty was s t i mu l a ted to a maxi mum by 30% to 39% 
of  the control i n  the di atoms treated wi th Atki n son Poi nt  
crude, Norma n Wel l s  crude and Pemb i na crude, wh i l e  i n  
the cel l s  treated wi th Venez ue l a crude the maxi mum 
p roducti on reached after 12 h ours was only 93 . 2% of that 
i n  the contro l .  After 24 hours, a l l producti ons s tarted 
to dec l i ne,  b ut the ce l l s  i n  Atki n s on Poi n t  crude a nd 
Pemb i na crude were s ti l l  s ti mu l ated i n  the uptake of  
ca rb on -14. After 48 hours ,  the i nh i b i tory effect  was 
progres s i ve ly pronounced i n  Atki nson Poi nt crude, Norman 
We l l s  crude and Venez ue l a crude, wh i l e  i n  Pemb i na crude, 
the i nh i b i t i on occurred s l i gh tly. 

The l owes t pri mary producti on occurred at 10°
·
C 

wi th respect to correspondi ng  types of oi l and l ength s  
of expos ure t imes. For Nitzs chia s p .  toxi c i ty decreased 
i n  the fol l owi ng  s equence : Venezue l a  crude > Norman We l l s  
crude > Atk i n s on Poi nt crude > Pemb i na crude . 

5.4 . 4  Corexi t and o i 1 - Co rexi t mi xture toxi ci ty i n  the l aboratory 
cu l  tures 

5.4.4.1 ChZamydomonas s p . 

Corexi t a l one h ad a markedly s timul atory effect on 
the p ri ma ry producti on of Ch Zamydomonas sp. cel l s  afte r  
4 to 9 6  hours of  exposure ( Fi g .  21). It enhanced 
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photosynthes i s, rangi ng from 7 to 8 ti mes at O°C an d 
21 to 3 7 . 5 t imes at 5°C greate r th an that of  the con trol 
ce l l s  at corres pondi n g  temperat ures and expos ure 
ti mes . The e xtent  of s ti mul ati on de creased w i th th e 
addi ti ons of 4 types of  crude oi l ( Fi g .  21 ) .  Al th ough 
the production  i n  oi l - Corexi t mi xtures was l ower than 
th e Corexi t a l one, i t  was s ti l l  greater than that of 
the ce l l s  treated wi th a l l ty pes of crude oi l al one, 
and was greate r th an the control s by at l eas t 12. 5 
ti mes . 

General ly, th e producti vi ty was s l i ght ly changed 
by the i ncreas i ng l en g th of e xpos ure ti me at O°C for 
both Corexi t a l one and a l l crude oi l - Corexi t mi xt ures . 
At 5°C, Corexi t a l one, enh anci ng th e greate s t  p ri mary 
produ cti on, con ti n uous ly s ti mulated photosynthes i s  
duri n g  th e course  of th e 96 hour experimen t.  Norman 
Wel l s  crude- Corexi t mi xtures a l s o  conti n uous l y  s timul ate d  
photosyn th es i s  b u t  a t  a l owe r rate a n d  a l ower p ri mary 
producti on . The  produ cti vi ty of thi s g reen fl age l l ate 
i n  the Corexi t mi xed w i th the 3 other i ndi vi dual types 
of crude oi l was i n creased i n  the fi rs t 12 h ours . Afte r 
12 hours ,  the p roducti vi ty i n  the Vene z ue l a-Corexi t 
mi xtures s tarte d  to de crease, fol l owed at 24 hours by 
that of  Atki ns on Poi n t- Corexi t mi xture s ,  wh i l e  the rate 
of producti vi ty remai ned vi rtual ly  the s ame i n  th e 
Pemb i na- Corexi t mi xtures. 

5 . 4 . 4 .2 Chaetoceros s p .  

Afte r the fi rs t 1 2  hours o f  ex pos u re to Corexi t, 
pri mary produ cti vi ty of Chaetoceros s p .  at O°C i ncreas ed 
ranginq from 2% to 28% greate r th an that of the con trol s 
(Fi g .  Z2). Thereafter, i t  gradua l ly decreased wi th 
i n creasi ng  expos ure ti me. At 5°C, the prod ucti on 
i n i ti a l ly i n creased 1 5% over the control afterth e fi rs t 
4 hours of expos ure to Corexi t .  F rom 8 to 96 hours, i t  
progres s i ve ly decreas ed . In con tras t, at 10°C, after 
24 hours, th e prod ucti vi ty i n i ti a l ly was i nh i b i te d  by 
2.3% to 13 .8% of  th e control . After 48 hours, Corexi t 
was reduced i n  toxi ci ty, and s ti mu l ated photosynthes i s . 

The pri mary producti vi ty of Chae toceros sp . was 
s ti mul ated 23 . 6%, 18 .3% and 9 . 1% when th e Corexi t was 
added to Atk i ns on Poi n t  crude, Pembi na crude and Venezue l a  
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crude , wh i l e  the addi ti on of  Corexi t to Norman We l l s  
crude di d not a l ter  the producti vi ty ( Fi gs .  23 , 24 , 
25 and 26) .  Gener� l y  the greate r  i nh i bi ti on occurred 
at l onger peri ods of expos ure and h i gher tempe ratures,  
except in  the case of Pemb i na crude at  10°C afte r  96 
hours when the producti on was 99 . 5% of  the control . 

5 . 4 . 4 . 3  NavicuZa s p . 

Navicula s p .  had vari ous res ponses to Corexi t 
( Fi g .  27) and mi xtures of  Corexi t wi th each i ndi vidual  
crude oi l dependi ng on  temperature and expos ure time 
( Fi gs 13 , 14, 15 and 16) . At O°C, pri mary producti on 
was fi rs t i nh i b i ted after 4 hours of  expos ure to Corexi t 
al one and Corexi t combi ned w ith each i ndi vi dual  type of 
crude oi l .  Thereafte r ,  i t  i ncreased w ith i n creas i n g  
expos ure t i me .  After 96 hours , Corexi t  a l one and the 
Atk i n son Poi nt crude-Corexi t  mi xture st imu l ated 
photosyn thes i s , and  thus production was 46% and 29% 
greate r  than that of  the con tro l s , wh i l e the Venezue l a  
crude-Corexi t, Norman Wel l s  crude-Corexi t and Pemb i n a  
crude -Corexi t mi xtures s l i gh tl y  i nh i b i ted photosyn theti c 
capaci ty .  The p roducti on decreased more at  10°C tha n  
a t  5°C ,  and w ith i nc reas i ng l ength of  expos ure ti me 
except for the Corexi t a l one afte r  24 hours of expos ure 
at 10°C when producti on con ti nued to i ncrease , wh i l e  at 
5°C i t  decreas ed s l i gh tl y .  

5 . 4 . 4 . 4  Nitzschia sp . 

At O°C pri mary prod ucti on of Nitzschia sp . was 
s ti mu l ated by Corexi t a l one ( Fi g . 28) . Its maxi mum 
p roducti on occurred at 12 hours afte r the addi ti on o f  
Corexi t .  Thereafter, i t  gradua l ly decreased, b u t  i t  
was s ti l l  3 . 4% g reater than that of  the contro l . At  
5°C the s ti mu l atory effect appeared on ly  duri ng the 
fi rs t 12 hours of expos ure to the Corexi t .  After that 
an i nh i b i to ry effect was noted . At 10°C, duri ng the 
fi rs t 72 hours of expos u re, the producti on was i nh i b i ted 
from 5 . 6% to 7 .3% . After 72 hours i t  i ncreased and by 
96 hours was be i ng s ti mu l ated . 

The produ cti on was i n i ti a l l y  s l i ght ly  i nh i b i ted 
after the ce l l s were exposed to the mi xtures o f  Corexi t 
wi th the i n di vi dua l crude oi 1s fo r  4 hours at  O°C ( Fi gs .  
1 7, 18, 19 an d 20) .  Afte r S to 12 hours , photosyn theti c 
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capaci ty was en han ced about 2 1% i n  the Atk i ns o n  Poi nt 
crude-Corexi t mi xture , 19% i n  Norman We l l s c rude-Corexi t 
mi xture and 22 . 5% i n  Pemb i n a  crude-Corexi t mixture, 
wh i l e  the ce l l s  treated wi th th e Venezue l a  crude -Corexi t 
mi xture remai ned i nhi b i te d. The producti on decreased 
w i th i ncreas i n g expos ure ti me i n  a l l mi xtures .  
Producti on  at hi gher temperatures ( 5°and 100C) cons i s ten tly 
decreased more than at O°C. For th i s  di atom, the 
toxi ci ty de creas ed i n  th e fo l l owi ng s equen ce : Vene zue l a  
crude-Corexi t mi xture > Norman We l l s  cru de-C o rexi t 
mi xture > Atk i nson Poi n t crude-Corexi t mi xture > Pemb i na 
crude- Corexi t mi xture > Corexi t a l one. 

5. 5 Effe cts of oi l s ,  Core xi t and oi l -Corexi t mi xtures on phyto p l ank ton 
growth 

5. 5 . 1 Tempe rature and oi l toxi ci ty 

Growth res pons es of phy top l ank ton i n  th e p res ence of  
4 types of  oi l and 4 di fferent concen trat i on s  at  temperatures of  
0°, 5°and 10°C and  for expos ure ti mffiof 1 0  to 20 days are s hown 
i n  Tab l es 13 to 17 i nc l us i ve. 

At O°C, at a concen trati on of 1 vl /100 m l ,  Atki ns on Poi nt 
an d Ven ezue l a  crude oi l s  i n hi bi ted  growth of Chlamydomonas s p. 
by about 1. 1% and 5.3%, res pe cti ve ly, whi l e  Norman We l l s  crude 
and Pemb i n a  c rude s timul ated growth by about 20. J% and 11. 3% 
res pe cti ve ly ( Tab l e  13). At hi gher con centrati ons ,  a l l 
types of c rude oil more great ly i n h i b i ted  growth, varyi ng  from 
18. 8% ( Atki n s on Poi n t  crude at con cent rati on 10 v l / 100 ml ) to 
84.6% ( N o rman Well s  c rude at concentrati on 1000 v1 /100 m1 ) .  

A t  5°C, gene ra l ly, th e growth was the mos t  i n h i bi te d  wi th 
res pe ct to the corres pon di ng oi l types and concen trati ons 
( Tab l e  13) . The maxi mum i n hi b i tion was 94. 5% at 1000 v1 / 100 ml 
of  Norman We l l s  crude. At 100e, growth was l i tt l e  better than 
at 5°C, but wors e th an at O° C i n  th e corres ponding  oi l types 
an d con ce n trati ons.  

Growth of 3 s peci es of di atoms (Chaetoceros sp. , Navicula 
sp.  and Nitzschia s p .) was g reatly i nhi b i ted by a l l  types of  
crude oi 1 tes ted at  a concentrati on of  1 ]..11 /100 ml  ( Tab l es 14 
to 17) . It s h a rp ly decreas ed wi th i n creas i ng oi l concentrati ons 
and vari ed wi th temperatures.  At O°C, Norman We l l s  crude at a 
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concentration of 1000 �1 / 100 ml was l ethal  to Chaetoaeros 
s p .  whil e the s ame concen tration of  Atkins on Poin t crude , 
Pembina crude and Venezue l a crude caused 98% , 99 . 5% and 99 .4% 
inhibition of cel l growth res pectivel y .  

A t  5°C ,  the l eth a l  concen tration o f  Norman Wel l s  crude 
was only one-tenth of the concentration at O°C ,  i . e .  
100 �1/ 100 ml . This con cen trati on a l mos t comp l ete ly inhibited 
the growth of Naviaula s p. and Nitzsahia s p .  
The s ame concentration o f  Venezue l a crude was l etha l  to 
Chae toaeros s p .  The l eth a l  concentration of Norman Wel l s ,  
Pembina and Venezue l a crude oil s to Nitzs ahia s p .  was 
1000 �1/ 100 ml , whil e this con centration of Atkins on Poin t 
caused 99 . 6% inhibition of  growth . 

At 10°C , Venezue l a  crude be came l e th a l  a t  a concentation 
of 1000 �1/ 100 ml to Chaetoaeros s p .  (Tabl e  17) . Some 
g rowth (0 . 9% to 2 .3% of con trol ) occurred usin g the other 3 
types of  crude oil at this concentration (Tab l es 14 to 16) . 
No concentration of any type of crude oil was found to be l ethal  
to Naviaula s p .  and Nitzsahia sp .  Thei r g rowth ranged from 
0 . 1% to 4 . 2% o f  the contro l s .  

Toxicity of  Norman Wel l s ,  Pembina and Venezue l a  crude 
oil s for these  3 s pecies of diatoms was the greate s t  a t  5°C , 
then at 10°C and the l eas t at O°C (Tab l es 15 to 17) , whil e the 
toxicity of Atkin s on Poin t crude oil s l igh tly in crease d  with 
risin g temperature ( Tabl e 14) .  

5 .5 . 2  Exposure time and oil toxicity 

Growth of  Chlamydomonas at O°C g radua l l y  increased with 
in creasing exposure time up to 20 days in Atkins on Point 
crude oil  at concen trations l ower than  100 �1/ 100 ml . It 
progress  i ve ly decreased in the other .3 types of oi 1 at a 1 1  
concentration s  (Tabl es 14 t o  17) . A t  5°C , the growth de creased 
with increas in g  exposure time at a l l  concentration s  of 
Atkinson Point crude tes ted. It was s l igh tly increased by 
extendin g the exposure time in a l l con centra tions tes te d  of 
Norman We l l s ,  Pembina and Venezue l a  crude oil s .  

After 14 days of  exposure to all types of crude oil at 
a l l concen trations at O°C , the growth of  Chaetoaeros s p . was 
markedly inhibited (Tab l es 14 to 17) . The range of inhibition 
was 94 . 4% to 99 . 7% ,  whil e a l l ce l l s  were kil l ed by Norman Wel l s  
crude a t  con centrations higher th an 10 1Jl / 100 ml and by 
Pembin a and Venezue l a crude oil s at  con cen trations higher 
than 100 �1 / 100 ml . After 20 days , the ce l l s  disp l aye d  
growth of on l y  0 . 1% to 1 . 3% of  the control s .  The l etha l  
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con cen trati on of Atki ns on Po i nt was 1000 �1 /100 ml . A l l 
ce l l s  were ki l l ed by Norman We l l s , Pemb i na and Vene�ue l a  
crude oi l s  a t  concen trati on as l ow as 1 �1 /100 m l  . .  

At 5°C ,  growth of Chaetoceros s p. was l i mi ted by a l l 
types of c rude oi l ( Tab l es 14 to 17 ) . After 14 days of exposure, 
l e th a l  con ce ntrati ons of 100, 10 and 100 �1 /100 ml of  
Atki ns on Poi nt ,  Norman Wel l s  and  Pemb i n a  crude oi l s  
res pe cti ve ly were obs erved . Con cen trati ons 10 ti mes g reate r  
were necess ary for the oi l s  t o  b e  l etha l  to the s ame ce l l s 
afte r  on ly  10 days of expos ure . The l ethal  concentration  
of Venezue l a  crude remai ned the s ame . 

Navicula s p .  was a l s o  g reatly affected by the l ength 
of expos ure ti me to vari ous concentrati ons of 4 di fferent 
types of crude oi l (Tab l es 14 to 1 7 ) : Genera lly-:the growth of  
th i s  di atom was h i gh ly l i mi te d  by the pro l onged expos ure 
time , and was s i gni fi cantly i nh i b i ted by i ncreas i ng the 
con cen trat i ons . At O°C, ce l l product i on after 20 days of 
expos ure to Atki ns on Po i n t ,  Norman We l l s , Pembi na and 
Venez ue l a  crude oi l s  was repsecti ve ly 2 to 3 t i mes, 3 to 4 ti mes, 
2 to 7 t i mes and 4 to 8 ti mes l ower than th at at  10 days wi th 
res pect to correspondi ng  oi l concentrati ons . 

Nitzschia s p .  was a l s o  cons i derab ly i nhi bi ted  by 
prol onged expos ure ti me to al l types and conce ntrati ons of 
crude oi l tes ted (Tab l e5 14 to 17 ) . The extent of i nh i b i ti on 
at O°C was l es s  th an that of Navicula s p. at correspondi ng  
oi l con centrati ons and expos ure ti mes . At 5°C, Nitzschia 
s p .  exhi b i ted g reater i nh i b i ti on than NavicuZa sp. after 14 
days of expos ure to a l l types and concentrati ons of crude 
oi l tes ted. The l eth a l  con ce ntrati on to Nitzschia s p. 
by Norman We l l s  crude was 100 �1 /100 ml , and by Venezuel a 
crude was 1000 �1 /100 m l . 

5 . 5 . 3  Temperature and Corexi t toxi c i ty 

After 10 days of  expos ure to a Corexi t concentration 
of 1 �l / lOO ml , ce l l  producti on of  ChZamydomonas s p .  
i ncreased by 3 . g'{;to 34% when tempe rature was rai s ed from 
O O to 10°C (Tab l e  18). It was s l i gh tly i nh i bi ted by Corexi t 
at a concentrati on of  10 �1 /100 ml  at  a tempe rature of 
o�to 5°C . When i n cub ated at  10°C, the growth of the cel ls 
was s ti mUl ated by ab out 2 .2%. At hi gher tempe ratures and 
conce ntrati ons , a greater i nh i bi ti on of Chlamydomonas growth 
was ob tai ned. 

At OOan d 5°C, the growth of Chaetoceros s p .  was s l i gh t ly 
s timulated by Corexi t at 1 �l /IOO ml , wh i Ie i t  was i nh i bi ted  
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by 52 .5% at  10°C (Tab l e  18) . At con cen trati ons hi gher 
th an 10 jl l /IOO ml , ce l l  producti on of Chaetoceros s p .  
de creased greatly wi th hi gher tempe ratures.  A t  10° C, l e th a l  
con ce ntrati on was 1000 jl l /IOO ml . 

C e l l growth of Navicula s p .  was i nh i b i ted 76% more 
at DoC than th at at 5°C ,  wh i l e  i t  was s timul ated by 45. 8% 
at lOoC ( Tab l e  18) .  At concentrati ons hi gher than 100 jl l /IOO ml , 
greater i nhi b i ti on was shown at hi gher temperatures . 

Growth of Nitzschia s p .  was l i mi ted by about  22% at  
DoC and 1 . 8% at  10°C ,  whi l e  it  was  s ti mu l ated by 17. 2% at 
5°C ( Tab l e  18) .  There was an ap pre ci ab l e  i nh i bi ti on w i th 
hi gher concen trati ons of Corexi t when the temperat ures were 
i nc reas ed .  At a con cen trati on of 1000 jl l of Corexi t/ 100 ml , 
there was 78 .�1o , 95 . �and 98 . 7% i nh i b i ti on on the cel l s  
i nc ubated at O� 5°and 10°C res pe ctively . 

5 .5 . 4  Exposure ti me and Corexi t toxi ci ty 

Ce l l  producti on of Chlamydomonas s p .  at DoC i ncreased 
s l i ghtly w i th th e l ength of expos ure ti me ( Tab l e  18).  It 
was 2 . 4% greater after 20 days of expos ure to 1 jl l /IOO ml  
of  Corexi t th an that  of ce l l s  l eft for 10 days . At 10 jll / IOO ml, 
the g rowth was i n i ti a l ly i nh i b i ted by about 16 . 4% afte r  10 days 
of  expos u re .  Cel l n umbers progress i ve l y  i n creased with 
i ncreas i ng i n cubati on ti me up to 20 days . Ce l l  p roducti on 
was 3 . 4% gre ater th an  that of th e contro l  at th i s  time . 
At concentrati ons h i gher than 100 jl l / 100 ml , i nh i b i ti on 
of  growth s i gn i fi cantly de cl i n ed wi th l onger expos ure ti me .  
At 5°C the growth was more i n h i bi ted a t  14 days of expos ure 
than at 10 days of expos u re. 

Growth of Chaetoceros s p .  was i n i ti a l ly s ti mu l ated at 
DoC afte r  the fi rs t 10 days of expos ure to Corexi t at a 
con centrati on of 1 j l l /IOO ml , an d then de creased wi th an 
i n creas i n g  expos ure ti me ( Tab l e  18) .  Th i s  phenomenon 
a l s o  occurred at 5°C .  Th e greates t i nh i b i ti on was obs erved 
at 20 days afte r  expos ure to Corexi t at th e con centrati on of 
1000 jl l / 100 ml . 

Cel l p ro du cti on of Navicula s p. at O °C was greatly 
i nh i bi ted  by i ncreas i n g  the expos ure ti me up to  20 days 
( Tabl e  18). Th e extent of i nh ibi ti on was greater at h i gher 
con centrati ons than at l ower concentrati ons . At 5°C ,  
toxi ci ty of Corexi t decreased with l onger expos ure .  
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Growth of  Nitzschia s p .  at O O and 5°C gradua l ly  
decreased wi th i ncreas i ng exposu re ti me wi th a l l concentrati ons  
of Corexi t tes ted ( Tab l e  18) . The i nhi bi ti on of  g rowth was 
greate r  at hi gher concentrat i ons tha n  at l ower ones . 

5 . 5 . 5  Oi l s ,  Corexi t and oi l -Corexi t mi xtures toxi ci ty tes ts 

Fi ve s peci es of phytopl ank ton were grown i n  ASP 2 
medi um contai ni ng 1 �1 /100 ml of crude oi l ,  Corexi t or 
oi l -Corexi t mi xture ( 1:1 rati o) for 14 days at 5°'C and for 
10 d ays at 10°C .  The res ul ts are pres ented i n  Fi gures 29 to 32 
i ncl u s i ve . 

At 5°C ,  ce l l  growth of ChZamydomonas s p. was i nhi b i ted 
by about 11 .6% , 24 . 0% ,  8 . 4% and 28 . 3% after 10 days of expos ure to 
Atk i ns on Poi nt , Norman Wel l s , Pembi n-a and Venezue l a  crude 
oi l s, res pecti ve ly ( Fi g .  29) .  Thei r res pecti ve growth i n  the 
oi 1 -Corexi t mi xtures was s l i ghtly decreased ( Fi g .  30) .  On ly 
when the cel l s  were grown wi th Corexi t a l one , di d a smal l 
s ti mu l ati on occur . Th is  s ti mu l ati on d i s ap peared after a 
furth er 4 days· i nc ubati on . The cel l s  treated w i th oi l -C orex i t 
mi xtures i ncreased i n  number s l i gh t ly after 14 days of expos ure . 
At 10° C ,  the pattern of growth i n  al l types of c rude oi l was 
s i mi l ar to that at 5° C after 10 days of expos ure , b ut th ere 
was l es s  i nhi b i t i on ( Fi g .  31). Cel l producti on i n  a l l types 
of oi l - Corexi t mi xtures was st imu l ated from 1 . 5% to 12% , except 
wi th Venezue l a  Corexi t mi xt ures whi ch was i nh i bi ted  by about 
14% ( Fi g .  32) .  

Growth o f  Chaetoceros s p .  at 5° C was en hanced by only 
Pemb i n a  cr ude oi l after 10 days of expos ure ( Fi g . 29) .  Corexi t 
a l one h i g h ly i nh i b i ted growth, and th us both Atki n s on Poi nt 
crude-Corexi t and Pembi na crude- Corexi t mi xtures decreas ed 
growth 29% and 80% res pecti ve ly more than thos e treated wi th 
Atki ns on Point crude and Pembi na crude a l one ( Fi gt .  30) .  
Growth was res pecti v.ely 3BYaand 44% greater wi th Norman We l l s  
c rude-Corexi t and Venezue l a  crude- Corexi t mi xtures than 
growth wi th the crude oi l s  a l one . Inh i b i ti on of growth was 
cons i s tently i ncreas ed wi th i nc reas i ng the exposure ti me . 
Inhi b i ti on was greater at 10 °C w i th Atki nson Poi nt crude , 
Pembi na  crude, Corexi t ,  Norman Wel l s  crude-Corexi t mi xtu re , a nd 
Venezue l a crude-Corex i t  mixture than at  5°C ( F i gs .  31 and 32) ,  
whi l e  the growth was a l i ttle greater at 10°C than at 5°C i n  
the pres ence of Norman Wel l s  crude , Venezuel a crude, Atki nson 
Poi nt  crude-Corex i t  mi xtu re , and Pembi na  crude-Corexi t mi xture. 
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NavicuZa s p .  was greatly i nhi bi ted by a l l types of 
crude o i l and oi l - C orex i t  mi xt ures after 10 days of 
exposure at 5° C (Fi gs .  29 and 30) .  The i nhi bi t ion of growth 
was about 99% i n  a l l cas es . It d i d  not change after 14 days 
of  i n cubati on . 

Producti on was l es s  i nhi b i ted by Corexi t al one . After 
10 days of exposure , the i nhi b i ti on was ab out 26 . 5% ,  and 
de creased to 0 . 9% a fter 14 days of exposure . At a temperature 
of 10° C ,  cel l produ cti on was 35. 6% greater than that at 
5° C (Fi gs .  31 and 32) . Th ere was 9 . 1% s ti mul ati on as compared 
to the contro l . A l though growth at 10 C was i ncreased s l i ghtly 
ce l l  prod uct i on w i th a l l types of  oi l and oi l -Corexi t mi xtures 
was s t i l l  l ow ,  rangi n g  from 1 . 8%to 28. 4% of the con trol (Fi gs . 
31 and 32) .  

After 10 days of expos ure to  Atki ns on Poi nt , Norman Wel l s , 
Pembi na  an d Venezue l a crude o i l ,  cel l producti on of Nitzschia s p .  
was l es s  than 13% of  the con tro l  a t  5°C (Fi g . 29) .  T h e  growth 
was on ly sti mul a ted by Corexi t a l one , and i ncreased wi th 
l onger exposure ti me .  It di d not change s i gn i fi cantly after 
Corexi t was added to a l l types of crude oi l ,  and was decreas ed 
s l i gh t ly after a further 4 days of expos ure (Fi g .  30) .  At 10c C ,  
ce l l  producti on i ncreas ed s l i gh t ly wi th Atki nson Poi nt and 
Pembi na  crude oi l s ,  whi l e  i t  decreas ed sharp ly wi th other typ es 
of c rude oi l ,  Corexi t and a l l types of oi l -Corexit  mi xtures 
(Fi gs . 31 and 32) . 

Growth of Thalassiosira s p .  at 5°C was 1 . 5 to 5 . 5 ti mes  
greater than that at 10 °C after 10 days of  expos ure to  a l l 
types of crude oi l and oi l - Corexi t mi xtures (Fi g s . 29 to 32). 
A l th ough there was better growth w i th Corexi t, cel l producti on 
decreased wi th i n creas i ng th e exposure ti me . The n umber 
of ce l l s  grown w i th the  oi l -Corexi t mi xture were s l i gh tly 
l ower than those  w i th a l l th e ty pes of crude oi l a l one and 
Corexi t a l one . 

5 . 6  1.!!. � p ri mary p roducti v i  ty of  s eaweed 

Duri ng the s ummers of 1974 and ' 1975 , the max i mum rate of net 
p ri mary producti on for Laminaria s p .  and Phy l l ophora s p .  meas ured 
i n  s i tu i n  the Es k imo Lakes was 994 . 7 and 891 . 2  �g C/ g dry wei ghtlh 
respecti ve ly (Fi g .  33) . Thei r p rod ucti on rates vari ed w i th changes 
i n  l i ght  i ntens i ty and en vi ronmental temperature . The 
overa l l average of primary producti vi ty for Laminaria s p .  and 
Phy l lophora s p .  was 945 and 780 �g C/g dry wei ghtl h  res pe cti ve ly .  
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5 . 7  Effects of  o i l s  on pri mary producti vi ty of seaweed 

Duri n g  Augus t, 1974 , oi l toxi ci ty experi ments were performed 
i n  the Es  kimo Lakes on Phy Uophora s p . and Laminar>ia s p .  A l l 
types and concentrati ons of oi l tes ted i nh i b i ted from 0 . 8% to 
47 .3% phytosynthes i s  of both PhyZZophora s p .  and Laminaria s p .  
fi g .  34) .  The p ri mary p roducti on o f  PhyZZophora s p .  was 
i nh i bi ted 28% by Norman Wel l s  crude oi l i n  a heavy emul s i on 
concentrati on, wh i l e  i t  appeared to be unaffected by a l i gh t  
emul s i on concen trati on . A h eavy emu l s i on con centra ti on of 
Atk i n s on , Poi nt crude oil i nh i bi ted photosynthes i s  10% more 
than di d a l i gh t  emu l s i on concentrati on . L i ght  and heavy emul s i on 
concentrati ons of  Venezue l a  crude i n h i b i ted pri mary producti on 
at about  the s ame ra te o  Laminaria s p .  had a 26 . 2% to 47 . 3% 
photosyn theti c reducti on when tes ted wi th a h eavy emu l s,; on of 
a l l types of  o i l .  Venezue l a  crude oi l was the mos t toxi c .  

Duri ng l ate J u ly 1975, s i mi l ar experi ments were carri ed out, 
but 1 ml of o i l app l i ed as a s l i ck was di rectly added to 300 ml 
of mi l l i pore fi l tered seawater i n  a BOD bottl e .  Al l o i l types 
i nh i bi ted pri mary p roducti on of both s peci es ( Fi g .  35) . Laminaria 
s p . was i nh i b i ted  by 10% to 27% more tha n  PhyZZophora s p .  wi th 
res pect to correspondi ng  oi l types .  Both s peci es were , mos t 
sens i ti ve to Venezue l a crude oi l .  

6 .  D ISCUSS ION 

It i s  di ffi cu l t  to des i gnate a s i ngl e factor as bei ng  a l i mi ti ng 
one i n  control l i ng  the pri mary p roducti vi ty tak i n g  p l ace i n  the waters 
of the southern Beaufo rt Sea . S uch a proce s s  i s  con trol l ed by a 
comb i n ati on of  factors acti ng  at  di ffe rent rates th ro ughout the 
s uccess i ve mon ths  of the year . 

L i ght penetrati on i s  a prime factor ope rati ng  i n  th i s  area . 
Duri n g  the s ummer mon ths i t  may become l i mi ti n g  becaus e of i ce cover 
or from the heavy sediment content of the wate r added to the sys tem by 
the Mackenzi e Ri ver ( Grai nger, 1975) . Nutri e nt avai l ab i l i ty i s  not 
l i ke l y  a l i mi ti ng factor i n  the i ns h o re regi ons . Nutri ents general l y  
exi s t  i n  h i gh concentrati ons i n  thi s  area, con ti n ua l ly  bei n g  
rep l eni s hed  by the Mackenzi e Ri ver outfl ow ( Grai n ger, 1975) . 
Mi nera l i zati on i n  the s ha l l ow i ns ho re waters mi ght add to the ava i l ab l e  
organ i c  and i norgan i c  n utri ents . Howeve r, i n  the far offs hore regi ons, 
the nutri en t content of  the e uphoti c zone, wh i ch i s  separated from 
the deeper n utri ent  ri ch waters by a the rmocl i ne duri ng  the summer, 
may very qui ck l y  become dephHed and th us, l i mi ti n g .  The h i gher 
water temperatures  of  the i n shore regi ons duri n g  the s ummer may 
determi ne to s ome extent th e sel ection of phytopl ankton s peci es.  
Burs a  ( 1963) s tated that i ndi vi dual  groups of t he phytopl an kton commun i ty 
mi ght show seasonal  s u cces s i on i n  accordance w ith ch anges i n  temperature . 
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Di atoms domi nated th e fl ori s ti c compo s i t ion of the phy topl an kton 
at i nshore s tati ons whi l e fl agel l ates were more i mportant at offshore 
s ta ti ons. Di atom growth and photosyn thes i s  are genera l ly  favoured 
by h i gh nutri ent  l eve l s ,  l ow l i gh t i nten s i t ies and warmer temperature s  
(Sverdrup et al . , 1942 ; Rythe r, 1956 ; Raymont, 1963; Hul bu rt, 1970), 
a l l condi ti ons that p revai l ed at i ns hore s ta ti ons (Gra i nger, 1975) . 
In genera l ,  di atoms s how a tendency for a uxotrophy, requi ri n g  for 
thei r growth three B v i tami ns  - B12, thi ami ne and b i ot in  (Lewi n,  
1959; Droop, 1962; Provas o l i ,  1963) . V i tami n s  occur i n  greater 
con centrati ons i n  coas tal waters than i n  ocean i c waters (Vi shn i a c  
and Ri l ey, 1961 ; Provaso l i ,  1963 ; Ohwada and Taga, 1972) . The greate r  
i mportance of fl age l l a tes at offs hore s tati ons i s  prob ably a 
re fl e cti on of poo r  condi ti ons for the growth of  other groups and 
a tol e rance of fl age l l a tes  for h i gh l i gh t  i n tens i ti es and l ow 
n u tri en t l evel s (Raymon t, 1963 ; Fogg, 1965). The majori ty of  
photosyn theti c pi gmented fl agel l a tes are photoau to trophs,  not 
requi ri n g  presyn thes ; zed v i tami ns  (Lewi n, 1959 ; Provas o l i ,  1963). 

The s tandi ng s tock and pri mary producti vity of  the southern 
Beaufort Sea was about 10 and 5 ti mes gre ate r res pecti ve ly at i ns hore 
s ta ti ons than at offs hore s tati ons. Th i s  can be attri buted pri mari l y  
to the h i gher nutri en t con tent an d warmer temperatures o f  the 
i ns hore waters. The a verage p roducti vi ty rate for s u rface waters of 
the s outh ern Beaufort Sea was 6 . 74 mg C/m3/h  fo r i nshore s tati ons and 
1 . 39 mg C/m3/h for offs hore s tati ons . These rates compare wel l wi th 
the averages 1 . 8  mg C/m3/h for the S i mpson Lagoon and Theti s Is l and 
trans ects ,  0 . 6  mg C/m3/h  for the Harri s on Bay s tati ons and 
0 . 4  mg C/m3/h  fo r the Beaufort Sea outs i de the Barri e r  Is l ands i n  the 
wes te rn Beaufort Sea ( Al exander, 1974) . Tan i gu ch i  ( 1969) foun d 
comparab l e  val ues of 1 . 46 mg C/m3/h for Bri s to l  Bay and the northern 
part of the eas tern Bering  Sea and 5 .04 mg C/m3/h  for eas t of Bowers 
Ban k i n  th e Beri n g  Sea. McRoy et al . ( 1972) found a s i mi l ar val ue 
of 2 . 0  mg C/m3/h for the A l e u ti an Is l ands but  a far greater average 
p rodu cti on of 18 . 24 mg C/m3/ h i n  the Beri ng  Strai t .  

In thi s  s tudy th e i n tegrated producti v i ty val ues averaged 
47 . 45 mg C/m2/ h  for i ns hore s tati ons and 8 .82 mg C/m2/h for offshore 
s tati ons wi th an average of 28 . 14 mg C/m2/h . Compa rabl e  val ues for 
the wes te rn Beaufo rt Sea were 6 . 9  mg C/m2/h (Al exande r, 1974) and 
16 . 2  mg C/m2/h  fo r the A l e u ti an Is l ands (McRoy et al . ,  1972); b ut i t  
i s  far l ower than 182 .5 mg C/m2/h for the Beri n g  Strai t (McRoy et al a , 
1972) . 

The phytopl ankton communi ty i n  the southern Beaufort Sea was rel ati ve ly  
uncomp l i cated a nd l ow i n  n umbers of  s peci es and  i ndi vi dual s .  It was 
composed l a rge l y  of d i atoms and sma l l fl age l l a tes . The 5 mos t  common 
genera ( Chaetoceros� Dinobryon� Navicula� Nitzschia and Thalassiosira 
and 1 s peci es  (Nitzschia closterium) i denti fied  i n  the southern 
Beaufort Sea were a l so  found by A l e xande r  ( 1974) to be common i n  the 
wes tern Beaufort Sea . 
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Crude oil is a complex mixture containing 4 types of 
hydrocarbon molecules - paraffins, naphthenes, olefins, and 
aromatics ( Van Overbeek & Blondeau, 1954) . In addition it contains 
small amounts of nitrogen-, oxygen-, and sulfur-containing compounds 
as well as trace amounts of heavy metals (Rossini, 1960) . Some 
compounds in crude oil may be growth regulating (Gordon and 
Prouse, 1973) .  The highly volatile and relatively water soluble 
aromatic compounds of crude oil seem to be primarily responsible 
for its toxicity ( Soto et �Z . , 1975) ,  and the varying toxicity 
of different crude oils is dependant on their content of these 
aromatics (Baker, 1971) .  

During the "weathering" process, bacteria attack the least toxic 
paraffins leaving the toxic aromatic hydrocarbons (Blumer, 1971) 
which being for the most part highly volatile, dissipate very quickly 
into the atmosphere of an open system. During the decomposition 
of the paraffins, the bacteria may release nutrients which become 
available for plant use but at the same time produce intermediates 
(i.e. alcohols, organic acids, etc.) which may be toxic in themselves 
(Bl umer, 1971) .  

In our studies the diatoms used ( c:haetoceros sp., Navicu la sp. 
and Nitzschia sp.) all exhibited marked inhibition of C14 uptake in 
the presence of all 4 crude oils tested, alone and in combination with 
Corexit at 5 °C and 10°C. At O°c  the diatoms varied in their response 
to different oil and oil-Corexit combinations but generally they 
exhibited an initial period of inhibition followed by a period of 
stimulation which was in turn followed by a second period of 
inhibition. the initial inhibition may have been caused by the 
presence of toxic aromatic hydrocarbons which may act by increasing 
cell membrane permeability ( Goldacre, 1968) ,  by destroying chlorophyll 
( Soto et aZ . , 1975) ,  by accumulating in the chloropasts to inhibit 
photosynthesis ( Van Overbeek and Blondeau, 1954) or by a combination 
of all three. With the removal of these volatile aromatics from this 
open system ( caps on Erlenmeyer flasks were only loosely attached) 
the cells may have been able to utilize any growth regulating 
compounds that may have been present in the oil and nutrients 
released from the oil by microbial degradation. However, the 
accumulation of intermediates from the bacterial degradation 
would eventually reach the point where their concentration would be 
great enough to inhibit photosynthesis once more. The total inhibition 
at 5°and 10 °C may reflect an increase in reaction times of the first 
inhibition and stimulation periods, leaving only the final inhibition 
period to be observed in the 4 to 96 hour time period. 
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Genera l ly Corexi t a l one s ti mu l ated di atom photosyn thes i s  to 
s ome exten t at O°C over the 96 hour experi mental runs wh i l e  at 5°C 
a n  i n i ti a l s ti mu l ati on peri od was fol l owed by a fi nal  peri od  of  
i nh i bi ti on .  At 10°C th i s  order was reve rsed w i th mos t  of  the 
di atoms showi n g  an i n i ti a l  peri od of i nh i bi ti on fol l owed by one of 
s ti mu l ati on . The reason s  for th i s  are not c l ear s i nce the s peci fi c 
chemi ca l nature of  Corexi t i s  not known b ut may i n vo l ve sequences 
of nutri e nt , toxi n ,  n utri ent  acti vi ty wh i ch i s  i n creased i n  rate by 
h i gher tempe ratures . Thus , whi l e  on ly  s ti mu l ati on occurs i n  the 
O°C experiments , s ti mu l ati on and i nh i b i ti on occurs at 5°C and 
i nh i b i ti on and a fi na l  peri od of  s ti mu l ati on occurs at  10 °C .  

Corexi t i n  combi nati on wi th crude o i l s  general l y  i n creased 
i n h i b i t i on and decreased s ti mu l ati on of  photosyn thes i s  i n ' the di atoms 
over that of the oi l s  a l one . In the process of emul s i fi cati on , more 
of the l ow mol ecu l ar wei gh t  aromati cs may be rel eased from the o i l s  
over a l onger peri od  o f  time thus produci n g  a synergi sti c effect ,  
i ncreas i n g  the toxi c i ty of  the oi l s .  

The reacti on of Chlamydomonas s p . C 1 4 upta ke was markedly 
di fferent than that of the di atoms . At a l l temperatures and wi th 
a l l combi nat i on s  of Corexi t and/or crude o i l ,  photosynthes i s  was 
s timu l ated . It may be that th i s  s pecies  i s  ab l e  to a s s i mi l ate and 
u ti l i ze certa i n  non-toxi c hydrocarbon s  hete rotroph i ca l ly  or uti l i ze 
the b reakdown products of  bacteri a l  degradati on whi l e  b l ock i ng the 
effects of the aromati cs . Th i s  " b l ocki n g "  effect  may res u l t from the 
na ture of the ce l l  wal l wh i ch has a compl ex l ayered and l atti ce 
s tructure of prote i naceous materi a l (Horne et al . ,  1971) wi th a n  
outer cap s u l e  con ta i n i ng \)olysacchar ids  (Ro und , 1965) . In contras t ,  
the cel l wal l s  o f  the three d i a tom s peci es used a re composed of 
pecti n i mpregnated th roughout wi th s i l i ca and covered wi th muci l age 
(Fri ts ch , 1945) . However ,  Soto et al . ,  (1975) found that 
Chlamydomonas angulosa reacted to the addi ti on of  naphth a l ene by an 
i mmedi ate and a l mos t compl ete l os s  of  photosyntheti c capaci ty and 
specul ated tha t  i ts rapi d  abs orpti on from the medi um was due to the 
h i gh affi n i ty of l i pi d-con tai n i ng memb ranes for s uch compounds . 
C l early , much more work mus t be done on the nature and mechan i sms o f  
crude oi l toxi ci ty .  

Because the C 1 4 uptake o f  i ndi vi dual  phytop l ankton s peci es rea cts 
i n  di fferen t ways to vari ous oi l and oi l -Corexi t combi nat; ons, e ffect� 
on a g i ven phytopl an k ton popu l ati on wou l d depend on the s pec ies 
compos i ti on of that popul ati on . In . experi ments performed i n  the 
Beaufo rt Sea wi th 1 �1 / 100 ml (10 ppm) of oi l di rectly added to the 
s amp l es i t  was found that Atk i n s on Poi n t  crude caused 1 1 . 3% 
i nh i bi ti on ,  Norman We l l s  crude di d not affect  producti vi ty wh i l e  



28 

Pembina and Venez ue l a  crude oi l s  exh i bited 16 . 6% and 5 . 1% s timul ation , 
res pectively , of photosynthe s i s .  Primary production of the Es kimo 
Lakes  phytopl ankton was cons is tently i nhibited by the s ame oi l s  used 
at  the s ame concentration . Shie l s et �. ( 19 73) reported that 2 . 0  ppm 
of Prudhoe Bay crude oil caused 50% inhibiti on of photosynthes i s  on 
the natura l popu l ations of phytopl ankton from Port Va l dez near Jackson 
Point ,  Al as ka , whil e 0. 003 p pm s timu l ated photosynthesis by twi ce 
that of the contro l .  Gordon and Prouse ( 19 73) demons trated tha t  
three oil s  ( Venezue l a  crude , No. 2 and No . 6 fue l  oil s) a l l were 
capabl e  of inhibiting  photosyn thesis ; but  at l ow concentrati ons 
Venezue l a crude s timul ated photosynthesis. 

The photosyn theti c capacities of two macrophytes (Laminaria sp . 
and Phyllophora sp . )  were cons i s tently inhibi ted by the p resence of 
a l l four oil s tes ted , Laminaria s p .  the mos t  with respect to 
corresponding oil types .  Both s pecies were most  sens i tive to 
Venezuel a  crude . C l endenning ( 1958) found that the photosynthetic 
capacity of Macrocys tis pyrifera was reduced by 25% after 24 hours of 
expos ure to 1% of diesel  oil . Shie l s  et al. ( 19 73) s howed that photo
synthetic inhibition occurred in Laminaria saccharina� Cladophora 
s timpsonii and Ulva fenes trata at 7 ppm of Prudhoe Bay crude o i l ,  
whereas other s pecies were not sign ificantly affected at thi s  concen trati on . 

The growth of the fl agel l at e ,  Chlamydomonas and diatoms was i nh i bited 
by a l l the crude oi l s  at a concentration of 1 �1 /100 ml at a l l 
temperatures,  except for Chlamydomonas which was s l ightly s timu l a ted 
by Norman We l l s  crude and Pembina crude at O°C . These cul tures were 
i n cubated under the s ame condi tions as for p rima ry p roduc tivity 
expe riments , but far a 6. day l onger e xpos u re time . This indi cates that  
wi th l onger expos ure t i me more toxi c in termediates may be produced by 
bacte ria l degradati on . Howeve r ,  the growth of fl agel l ate was 
s ti mu l ated by these  two arcti c crude oi l s  p robab l y  refl ecting a 
capa city to util i ze growth-regul ating compounds in the oil s or an  
i ncrease of nitrogen fi xation ( Ba ke r ,  1971) . Wi th oi l con centrations 
h i gher than 10 �1 /100 ml , growth of both fl agel l ates and diatoms was 
i n h i bi ted; diatoms more s everely  than fl age l l ates . This impl ies tha t  
different phytopl an kton  species h ave different tol e rance l imits for 
oi l toxici ty and unde rgo different rates  of cel l di vis 1 Jn .  Th us 
a l arge oil s pil l woul d res ul t in a change in s p'ecies composition of 
a phytopl ankton community . It woul d  probably become dominated_ by fl agel l ates  
and diatoms woul d be  reduced greatly as a res u l t of differential 
sens i tivity of phytopl ankton and s e l ective toxicity of pol l utan ts. 
Consequently ,  zoopl ankton communiti e s  wo � l d  be a l te red because of 
se l ective herb i vory , and pos s i b ly each s ubsequent trophic  l evel and 
eventual ly  the total ecosystem. 

7 .  CONCLUS IONS 

7 . 1  Standi ng s tock and pri mary productivi ty i n  the southern 
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Beaufort Sea are higher than in the wes tern Beaufort Sea ! 
but l ower than in other arctic waters . Both decrease 
with increasin g  depth and dis tance from the shore . 

7 . 2  The phytopl ankton community was composed l argel y  of diatoms 
and fl age l l ates ! with diatoms dominating the inshore s tations 
and fl age l l ates  being more abundant at offshore s ta tions . 
Dinofl age l l ates a nd chrysophytes occurred in rel ative l y  l ow 
n umbers except iOn a few cases when b l ooms were observed . 
B l ue-green a l gae were found occasional l y  in very l ow n umbers . 

7.3 Res ul ts from in situ and l aboratory s tudies on the effect 
of crude oi1 sIDn primary productivity indicated that the 
production rates varied with type and concentration of oil 
used, methods of preparation of oil -seawater mixtures ! 
duration of expos ure !  and species composition of each samp l e  
tes ted . 

7 . 4  Crude oil s ,  Corexit and  crude oi1 -Corexit mixtures  s timul ated 
Ch Zcunydomonas photosynthesis, b ut s l ightly inhibited or did not 
affect its growth . Photosynthesis and growth of the diatoms were 
mostly inhibited by these pol l u tan ts ! but  inhibited considerably 
more in crude oi1 -Corexit mixtures than  in crude oil or Corex i t  a l one . 

7 . 5 In situ primary productivity of seaweeds was significantly 
inhibi ted by a l l types  and con centrations of oil  tes ted . 

8 .  IMPL ICATIONS AND RECOMMENDATIONS 

Because of the mul tip l icity of physical , chemica l and bio l ogica l 
factors actin g on the ecol ogy of the southern Bea ufort Sea and because  
of the very l arge gaps exis ting in o ur knowl edge of the nature and  
in teractions of these factors ! it is  difficu l t to  make predictions ! 
with any degree of accuracy , on the effects of a l arge oil s pil l .  

In the sha l l ow coas tal waters ! the e uphotic zone is probab l y  
l imited t o  a very few centimetres beneath the s urface a s  a res u l t 
of poor l ight penetration because of the heavy sil t conte n t  introduced 
by the Mackenzie River .  This area wou l d  be primarily  affected by the 
presence of oil con tamina tion on the surface . As wel l  as the detrimental 
effects of a further reduction in l ight, growth and photosynthesis of 
phytopl ankton ( predominant ly  diatoms in this are a) wou l d probably be 
further inhibited by the highly toxic and rel ativel y  water  so l ubl e 
aromatics . With the e vapora tion of these components ! the phytopl ankton 
might be expected to recove r .  The rate of recovery wou l d b e  highly 
dependent on many variabl es ( i . e . oil composition and quantity !  time 
of yea r ,  rive r outfl ow , etc .) . For ins tance ! du ring the l on g  period 
of ice cove r !  the evaporation of the aromatics might be severe ly 
res tricte d !  exposin g the phytop l an kton to their toxic effects for a 
l on ger  pe riod of time . 
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The use of. Corexit in oil clean up activities, while perhaps 
advantageous in some respects , would probably increase the toxicity 
of the oils on phytoplankton photosynthesis and growth. Thus the 
period of recovery might be extended. 

It has been suggested by Fisher ( 19 76 )  that organic pollution, 
includi ng the presence of petroleum hY9rocarbons, may be one of the 
factors contributing to the changes in composition ( Reid , 1975 ) of 
the North Sea phytoplankton ( i . e. a decline in diatom populations and 
a possible increase in microf1 age1 1 ate populations ). An increase in 
the hydrocarbon content of the southern Beaufort Sea waters·, 
resulting from oil exploitation ,  would seem a distinct pos sibility 
over the long te rm. Thus one of the more serious implications of oil 
contamination might be a change in community structure at the primary 
level which could result in changes at higher levels of the food 
chain . 

9 .  NEEDS FOR FURTH ER STUDY 

Apart from the desirability of increasing our insight into the 
nature of the marine sAvironment of the north and the in terrelationships 
of algal standing stock and primary productivity with other marine 
life and trophic levels, it is extrremely important that we understand 
the possible consequences of large scale alterations to this 
environment which will inevitably be brought about directly and 
indirectly by exploitation of oil reserves and other resources. It is 
vitally important for us to know the capacity of this environment to 
absorb , without permanent change, these alterations and to know the 
recovery rates involved in smaller scale man-induced disturbances . 

Primary production is, as the term implies, the basis for all 
life. Knowledge of standing stock and productivity rates of the 
arctic marine environment and their relationships and interdependence 
with and on physical factors and other marine life is sadly lacking. 
When these aspects are more fully understood, the effects of 
disturbances such as oil pollution, to the environment, can be more 
easily determined. 

With these considerations in mind , need for further long-term 
studies at the primary level in the following areas is required : 

1 )  location and identification of algal communiti es and 
algal-animal as sociations 
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2) l ocation and quantification of p rimary p roductivity 
ra tes 

3) res ponse of a l gal  communities to changes in physical 
parameters inc l uding l arge-s ca l e  additions to the 
environment of foreign chemical s  ( i.e. oil , oil dis pers ants , 
heavy meta l s ,  etc.) 

4) a l gae-bacte ria rel ationships and associations  particul a rly 
in rel ation to  oil  util izing and/or  oil degrading bacteria 

5) p roducer/decomposer rel ationships ( i.e. a l gae-animal s/ 
b acte ri a-fungi) 

6) identificati on of possib l e  oil util izing or oil degrading 
capacities within the a l gae in res pect to biol ogical 
c l ean-up methods 

With more knowl edge in these a reas we wil l be bette r  prepared to 
p redi ct consequences of a 1 terati ons to the arcti c mari ne en vi'ronmen t  
and to eval uate economic versus environmenta l  considerations. 
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Tabl e  1 .  Phytopl an kton genera and s peci es from the Beaufort Sea 

and Es k i mo Lakes 

Baci l l ari ophyta 
Central es 

CeratauZina H .  Peraga l l o  ex Schuett 
Chaetoceros Ehrenberg 

C. ceratosporum Os tenfe l d  
C. decipiens Cl eve 
C.  furce Z Zatus J .  W .  Bai l ey 
C. neograci Ze S .  van Land i ng ham 
C. septentrionaZis Oe strup 
C. simpZex Ostenfe l d  
C. sociaZis Lauder 
C. wighamii Br ightwe l l 

Coscinodis cus Ehrenbe rg 
cycZoteZ Za Kuetzi ng 

C .  caspia Grunow 
Eucampia E hrenberg 

E. zodiacus Ehrenberg 
Me Zosira Agardh 

M. arctica ( Eh renberg ) Di cki e in Pri tchard 
M. granuZata ( Eh renberg ) Ral fs in Pri tchard 
M. is Zandica O .  Mue l l er 

Porosira Joergens en 
P. gZaciaZis ( Grunow )  Joergensen 

Rhizoso Zenia Ehrenberg 
Sce Zetonema Grevi l l e 

S. cos tatum ( G revi l l e ) C l eve 
Stephanodiscus E h renberg 

S. astraea ( E h renberg ) Grunow 
S.  hantzs chii Grunow 

ThaZassiosira C l eve 
T. baZtica ( Grunow)  Os tenfe l d  
T .  gravida C l eve 
T. nordenskioZdii Cl eve 

Pennal es 
Achnanthes Bory 

A .  Zanceo Zata ( B reb i s son in Kuetzi ng )  Grunow in C l eve and Grunow 
A .  Zemmermannii Hustedt 
A .  taeniata Grunow in C l eve and Grunow 

Amphip Zeura Kuetzi ng 
A .  peZ Zucida ( Kuetzi ng )  K uetzi n g  
A .  ruti Zans (Trentepoh l ex Roth ) C l eve 
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Tab l e  1 ( cont ' d . ) 

Amphiprora Ehrenberg 
A .  kje Z Zmanii C l e ve in Cl eve and Grunow 

Amphora Ehrenberg 
Asterione ZZa H ass a l l 

A .  formosa Hass al l 
Ceratoneis E hrenberg 

C. arcus ( Eh renb erg ) Kuetzi ng 
Cocconeis Ehrenberg 
Cy Zindrotheca Rabenhorst 
Cyrribe Ua Agardh 
Diatoma A. P .  de Candol l e  

D .  e Zongatum ( Lyngbye ) Agardh 
Dip Zoneis Ehrenberg 

D.  Zi toraZis ( Donki n )  Cl eve 
D. ZitoraZis v .  cZathrata ( Oes trup )  C l eve 
D.  ovaZis ( Hi l s e  in Rabenhors t)  Cl eve v .  ob Zonge Ua ( N aegel i in Kuetz i ng )  Cl eve 
D. smi thii ( B reb i s s on in Wm . Smi th)  Cl eve 
D. smithii v. rhorribica Meres chkows ky 

Eunotia Ehrenberg 
Fragi Zaria Lyngbye 

F. construens ( E hrenberg ) Grunow 
Fragi ZaPiopsis Hus tedt in Schmi dt et aZ. 

F. cy ZindPus ( Grunow)  He lmcke and Kri eger 
F. oceanica ( C l eve) Has l e  

Gomphonema Agardh 
G. kamtschaticum Grunow 

Gyrosigma 
G. fascioZa ( Eh renb erg ) Gri ffi th and H enfrey 
G. wansbeckii ( Donk i n )  C l eve 

Licmophora Agardh 
NavicuZa Bory 

N. bahusiensis ( Grunow in Van H eurck ) Grunow 
N. crucigeroides Hustedt 
N. de ZicatuZa C l eve 
N. digi toradiata ( Gregory)  Ral fs in Pri tchard 
N. directa (Wm .  Smi th) Ra l fs in Pri tchard 
N. dire cta v .  cuneata Oes trup 
N. forcipata Grevi l l e 
N. hodge ana Patri ck and Freese 
N. humerosa B reb i ss on in Wm . Smi th 
N. kaPiana Grun ow in C l e ve and Grunow 
N. kje Umanii ( Cleve in Cl eve and Grunow) C l e ve 
N. pseudocrassiros tris Hus tedt 
N. rhynchocephaZa Kuetzi ng 
N. saZinarum Grunow in C l e ve and Mlle l l er' 
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Tab l e  1 ( cont 1 d . )  

N .  s copu Zorum B reb i s son in Kuetzi ng 
N .  scute Z Zoides Wm . Smi th 
N. subinfZata Grunow in C l eve and Mue l l er 
N. vanhoeffenii Gran 

Neidium Pfi tze r 
N .  bisuZcatum ( Lagers t . ) C l eve 

Ni tzs chia Hass a l l 
N .  cZos terium ( Eh renberg ) Wm . Smi th 
N .  frigida Grunow in C l eve and Grunow 
N .  seriata Cleve 
N .  sigma ( Kuetzi ng ) Wm . Smi th 

�Pinnu Zaria Ehrenberg 
P Zeurosigma Wm . Smi th 

P. c Zevei Grunow in C l eve and Grunow 
P. s a Zinarum Grunow in C l eve and Grunow 
P. s trigosum Wm. Smi th 
P. s tuxbergii C l eve and Grunow 

S tauroneis Ehrenberg 
Surire Z Za Turp i n  

S .  ovuta Kuetzi ng 
Synedra Ehrenberg 

S. acus K uetz ing  v .  radians ( Kuetzi ng)  H us tedt 
S .  fas ci cu Zata ( Agardh )  Kuetzi ng 
S. hyperborea Grunow 

Tabe Haria Ehrenberg 
T. fenes trata ( Lyngbye)  K uetzi n g  
T .  fZoccuZosa ( Roth ) Kuetzi ng 

ThaZassionema Grunow 
T. ni tzs dziOiies Grun ow 

Tropidoneis C l eve 
Ch 1 orophyta 

Ch Zamy domonas E h renberg 
Scenedesmus Meyen 

Chrysophyta 
Dinobryon Ehrenberg 

D. baZticum ( S ch uett )  Lemmermann 
Dis tephanus Hae cke l 

D. spe cu Zum ( Eh renberg ) H ae ckel  
Eb ria B orgert 

E.  triparti ta ( Schumann ) Lemmermann 



Tab l e  1 ( con t ' d . ) .  

Cyanop hy ta 
Coe Zosphaerium Naege l i  

Eugl enophyta 
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Eug Zena Ehrenberg 
Trache Zomonas Ehrenberg 

Py rrophyta 
Amphidinium C l apar�de and Lachmann 
Dinophysis E h renberg 

D. acuminata C l aparede and Lachmann 
GoniauZax Di es i ng 

G .  catenata ( Levander) Kofoi d 
Peridinium E h renberg 

P. cerasus Pau l s en 
P. minus cuZum Pavi l l ard 
P. pe Z Zucidum ( Bergh ) S ch uett 



Tab l e  l .  

Stati on 

22 

527 

529 

530 

538 
540 

575 
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The di s tri b uti on of domi nan t s peci es of phytop l ankton at i ns hore 
s tati ons of the s outhern Bea ufort S ea .  

Domi nant speci es 
Ce 1 1  n umbers 

X 104 / 1  

Amphidini wn s p .  
r:h laJ7T!f domonas s p • 

Eug lena s p .  
Fragi lariopsis cy lindrus 
Goniau lax catenata 
Ni tzschia spp . 
Thalassiosira gravida 
Me losira is landi ca 
Thalassiosira s pp .  
Tha lassiosira s pp .  
Eug lena spp . 
Euglena spp . 
Goniaulax catenata 
Thalassiosira s pp .  
Me losira is landica 
Me losira s pp .  
Un i denti fi ed 

fl age 1 1  ates 
Chae toceros s pp . 
Choanofl agel l ates 
Dinobryon baUicum 
Eug lena spp . 
Me losira arctica 
Ni tzschia c los terium 
N .  seriata 
Tha lassiosira 

nordenskio ldii 
Un i den ti fi ed 

fl age 1 1  ates 

4 . 6  
1 . 2  
8 . 8  
4 . 1  

16 . 6  
1 . 6  
1 .8 

11 .3 
3 . 1 
4 .8 
3 . 7  
4 . 4  
1 . 9  
1 . 8  
7 . 3  
8 . 9  

1 .5 
469 . 2  

2 .0 
3 . 6  
2 . 6  
1 . 8  
1 . 8  
4 . 4  

2 .0 

1 . 0  

Depth ( m ) at whi ch 
s peci es was domi nant 

1 
1 
1 
5 
1 
1 
1 
o 
5 
5 
5 
o 
o 
3 
3 
3 

3 
7 
5 
3 
o 
1 
7 
1 

7 

1 



Tab l e  3 .  

Stat i ons 

7 

9 

1 4  

29 

5 44 

5 5 2  

559 
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Th e di s tri bution of domi nant s peci es of phytopl ankton at offshore 
s tati ons of the southern Beaufort Sea . 

Cel l n umbers Depth (m) at whi ch 
Domi nan t speci es X 1 04/ 1 spe ci es was domi nant 

Chae toceros furce l latus 1 . 6 0 
Nitzschia spp . 1 . 9 1 
Un i denti fi ed fl agel l ates 1 . 6 0 
Un i den ti fi ed eh rysophy ta 1 . 6 0 
Chaetoceros s pp .  3 . 5 3 
Fragi lariopsis cy Zindrus 1 . 6  0 
Me losira is landica 4-. 5 0 
Navi cula s pp .  1 . 6 0 
Amphidiniwn s p . 1 . 9 1 
Chaetoceros s pp .  1 . 1 0 
Eug lena s pp . 6 . 8  1 
Goniaulax catenata 1 . 3  3 
Ch lamydomonas s p .  2 . 1  0 
ThaZassiosira fravida 3 . 7  5 
Uni den ti fi ed f agel l ates 50 . 0  1 
Eug lena s pp .  1 . 2 0 
Ni tzs chia c los te riwn 1 . 5  0 -
Thalassiosira rravida . 3 . 4 0 
Uni denti fi ed f age l l �tes 2 4 . 6  0 
Chaetoceros s pp . 1 . 9  3 
Eug lena s pp . 5 . 4  3 
Peridiniwn spp . 1 . 0  0 
Tha lassiosira spp . 2 . 6  5 
Un i denti fi ed fl agel l ates 39 . 0  3 
Tha lassiosira s pp .  2 . 6  3 
Uni denti fi ed fl agel l ates 20 . 4  3 
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Tab le 4 . Ve rti ca l di s tri b uti on of � s i tu g ross pri mary p roducti vi ty 
( mg C/m3/ h )  i n  the southern Beaufort Sea . 

Depth ( m ) 

Stati on Date 0 1 3 5 7 10 20 30 

I nsh ore 

22 12 Aug 75 6 . 74 7 . 1 1  1 .  06 1 . 56 1 .  73 2 . 34 2 . 5 7  2 . 02 

5 75 9 Aug 75 7 . 70 7 . 80 8 . 60 8 . 80 

Mean  6 . 74 7 . 4 1  4. 43 5 . 08 5 . 2 7  2 . 34 2 . 5 7 2 . 02 

Offs hore 

7 19 J u l  74 0 . 82 0 . 9 4  0 . 39 0 . 38 0 . 2 7  0 . 1 7 0 . 10 

29 2 Aug 74 1 . 95  2 . 24 2 . 39 1 .  9 3  3 . 06 2 . 09 2 . 73 0 . 81 

566 5 J u l  75 0 . 1 7 0 . 73 0 . 89 

56 7 12 J ul 75 1 .  47 0 . 59 0 . 29 

568 18  Jul  75 0 . 55 1 . 06 1 . 02 

5 72 7 Aug 75 0 . 5 3  0 . 41 0 . 98 0 . 89 0 . 48 
574 8 Aug 75 0 . 5 1 0 . 92 1 . 2 8 2 . 18 0 . 96 

Mean 1 .  39 0 . 9 2  1 . 03 1 . 14 1 . 6 7 1 . 10 0 . 9 2  0 . 81 
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Tab l e  5 .  Pri mary producti vi ty of the water col umn i n  the southern 
Beaufort Sea 

Pro�ucti vi ty 

S tati on Date mg C/m2 /h mg C/m2/day 

Ins hore 

22 12 Aug 74 45 . 4  1089 . 6  

5 75 9 Aug 75  49 . 5  1 188 . 0  

Mean 4 7 . 45 1 1 38 . 8 

Offs hore 

7 1 9  J u l  74 4 . 29 102 . 96 

29 2 Aug 74 18 . 20 436 . 80 

566 5 J u l  75 4 . 10 98 . 40 
56 7 12 J u l  75  9 . 30 22 3. 20  

568 18 J u l  75  7 . 20 17 2 . 80 

572 7 Aug 75 6 . 54 1 56 . 96 
574 8 Aug 75 12 . 10 2 90 . 40 

Mean 8 . 82 2 11 . 6 5  
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Tab l e  6.  Verti ca l di s tri b uti on of in  s i tu gross pri mary producti on 
( mg C/m3/h ) of Esk imo Lakes . --

Depth ( m )  

Stati on Date 0 1 3 5 7 10 20 30 

508 13 J u l  74 0 . 44 0 . 45 1 . 27 0 . 88 0 . 57 0 . 15 0 . 09 
510 16 Ju l  74 1 . 02 1 . 58 2 . 02 0 . 91 0 . 52 0 . 21 

515 2 7  J ul 74 2 . 71 2 .87 2 .84 1 . 18 0 . 82 0 . 47 0 . 58 0 . 30 
3 Aug 74 1 . 0 3  1. 64 3 . 20 1 .  59 1 . 12 0 . 83 0 . 73 0 . 68 

10 Aug 74 2 . 34 2 . 67 2 .02 1 .  34 0 . 58 0 . 19 0 . 02 0 . 01 

16 Aug 74 0 . 80 1 . 81 3 . 25 1 .  30 0 . 60 0 . 27 0 .08 0 . 0 3  
520 7 Aug 74 0 . 38 0 . 77 0 . 79 0 . 61 0 . 43 0 . 20 0 . 04 0 . 02 

560 31 Jul  74 1 . 65 1 .  72  1. 58 0 . 86 0 . 11 

Mean 1 . 04 1 .  35 1 .  70 0 . 92 0 . 48 0 . 25 0. 16 0 . 14 
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Tabl e  7 .  Pri mary producti vi ty of the water co l umn i n  th e Es ki mo Lakes . 

Pro<;lucti vi ty 

S tati on Date mg C/m2/day 

508 13 J u l  7 4  6 . 6  158 . 4 

5 10 16  J u l  74  10 . 4 249 . 6  

5 1 5  27 Jul  74 16 . 5  396 . 0  

3 Aug 74 16 . 6  39 8 . 4  

10  Aug 74 1 3 . 6  326 . 4  

16 Aug 74  14 . 1 3 38. 4 

520 7 Aug 74 5 . 5  1 32 . 0  

560 31 J ul 74 8 . 4 201 . 6  

Mean 1 1 .  46 2 75 . 10 



Tab l e  8 .  E ffect of crude o i l s  on pri mary producti on of  phytop.l ankton at 1 metre at .vari ous Beaufort 
Sea s tati ons  . .  Res ul ts expressed as percentage of contro l . 

Types of oi  1 566 567 568  5 70 571  ;572 574 575 Mean 

A tk i ns on Poi nt crude 6 5 . 9  90 . 8  93 . 3 69 . 4  99 . 2  100 . 8  91 . 2  98 .6  88 . 7  

Norman We l l s  crude 5 3 . 7  9 3 . 1 103 . 8  81 . 0  6 3 . 9  1 56 . 1  140 . 1  1 16 . 4  10 1 . 0  

Pembi n a  crude 75 . 9  100 . 1  97 . 3  1 25 . 9  99 . 3  1 1 5 . 2  184 . 1 1 35 . 1  1 16 . 6 

Ven ezue 1 a crude 75 . 3  89 . 7  92 . 5  76 . 7  94 . 1 86 . 4 1 84 . 6 141 . 2 1 05 . 1  

.j::> ....... 



Tab l e  9 . .  E ffect of  crude oi l s  on p ri mary producti on of phytopl ankton at 1 metre at s tati on 5 15  
i n  the E sk imo Lakes . Res u l ts exp ressed as percen tage of con trol . 

Types of oi l 1 5/6/75 26/6/75 2/ 7/ 75 9/7/75 1 5/7/75 21/7/75 Mean 

Atk i n son  Poi nt  crude 5 1 . 4  81 . 1  5 3 . 2 6 3 . 0  9 7 . 6  87 . 1  72 . 9  

Norman We l l s  crude 1 48 . 5 89 . 3  54 . 3  59 . 2 80 . 9  79 . 1  85 . 2  

Pembi na crude 73 . 6  120 . 7  6 7 . 7  83 . 1 96 . 4  82 . 9  8 7 . 4  

Venezue 1 a crude 25 . 8  1 18 . 6  58 . 6  6 1 . 3 87 . 6  67 . 4  69 . 9  

� 
00 



Tab le  10 . Spe ci es compos i ti on and abun dance of phytop lan'<ton from 1 metre water of vari ous Beaufort 
Se a s tati ons us ed i n  oi l toxi ci ty experi men ts duri ng 1 97 5  

Stat i on 566 567 568 5 72 
Date 5 J u ly 12 J u ly 18  Ju ly  7 Aug 

Total Phy topl ank ton ( cel l s/ l i tre )  9 8 , 000 440 ,000 801 ,000 6 1 , 000 

Baci 1 1  ari ophyta 60 , 000 312 , 000 6 3 1 ,000 26 ,000 
Central es 1 1 , 000 2 47 , 000 329 , 000 20 ,000 

Cha£ toceros 10 , 000 2 33 ,000 323 , 000 20 , 000 
c. ceratosporwn 4 , 000 + + 2 , 000 
C. decipiens 
C. sep tentriona Zis + + + 
C. s imp Zex 
C. socia Us + 
C. wighamii + + 
C. s pp .  6 ,000 + + 18 , 000 

Euccanpia + 
E. zodiacus + 

Me Zosira 4 , 000 1 , 000 
M. arctica ? 4 , 000 1 ,000 

Porosira + + 
P. g Zacia Us + + 

See Ze t:mema 
S. cos tatwn 

Tha Zassiosira 1 0 , 000 5 , 000 
T. nordenskio Zdii + 
T .  s pp .  10 ,000 + 

Uni denti fi ed 1 , 000 
Penn al es 49 , 000 65 ,000 302 , 000 6 , 000 

Achnanthes + 9 , 000 26 ,000 
A .  taeniata 9 , 000 26 , 000 
A. spp . + + 

574  
8 Aug 

123 , 000 

72 ,000 
6 1 ,000 
56 , 000 
13 , 000 

+ 

40 ,000 

3 , 000 

2 , 000 
2 , 000 

2 , 000 
2 , 000 

+ 

+ 
1 , 000 

1 1 ,000 

575 
9 Aug 

1 , 896 , 000 

1 ,828 , 000 
1 , 782 , 000 
1 , 738, 000 

+ 
+ 

+ 
+ 

. 1 � , 000 
18, 000 
+ 
+ 

24 , 000 
+ 
+ 
2 , 000 

46 , 000 

+::> 
1.0 



Table  10 ( con t ' d . ) .  

S tat; on 566 567  56 8 5 7 2  5 74 5 75 
Date 5 Ju ly  12  J uly 18 J uly 7 Aug 8 Aug 9 Aug 

Arrphiprora + + 
A .  spp . + + 

Arrphora + + 
A .  spp . + + 

Cocconeis + 
C. spp . + 

Cyrribe Ua ? + 
C. sp . + 

Dip Zoneis + + + 
D .  Zi toraZis + 
D. spp . + + + 

Fragi Zariopsis 5 , 000 3 , 000 10 ,000 + + 
F. ay Zindrus 5 , 000 3 ,000 10 , 000 + + 01 
F. oceanica + 0 

Gorrphonema + + 
G. kamts chaticum ? + 
G. spp . + 

NavicuZa + + 1 ,000 + + 
N. crucigeroides + 
N. de Zi catuZa ? + 
N. directa + + 
N .  kariana ? + 
N. pseudocrassiros tris + 
N. spp . + + + + + 

Ni tzs chia 15 , 000 45 , 000 6 1 ,000 1 ,000 10 ,000 44 ,000 
N. cZosterium 1 3 , 000 2 , 000 33 , 000 + 7 , 000 
N. froigida + 
N. seriata + 42 , 000 2 1 , 000 1 ,0 00 3 , 000 44 , 000 
N. spp . 2 , 000 1 ,0 00 7 ,000 + + + 



Tab l e  10 ( cont 1 d . ) .  

S tati on 566 567  568  5 72 5 74 5 75 
Date 5 J u ly 12 J u l y  1 8  J uly  7 Aug 8 Aug 9 Aug 

Ple urosigma + 
P .  sal inarum + 

Stauroneis + + + + 
S. s pp .  + + + + 

Syne dra + + + + 
S. hyperb orea + + + 
S. s pp .  + 

Thalas sionema + + + 
T. ni tzs chioides + + + 

Un i den ti fi e d 29 ,000 8 ,000 204 , 000  5 ,000 1 ,000 2 , 000 

Ch l orophy ta + 
Ch Zamy domonas + 

C. s pp .  + (Jl 
� 

Ch rysophyta 1 7 , 000 8, 000 29 , 000 2 8 ,000 16 , 000 18 , 000 
Dinobryon + 6 , 000 16 , 000 9 ,000 1 8 ,000 

D .  baUi cum + 6 , 000 16 , 000  9 , 000 1 8 , 000 
Dis tephanus + 

D. spe culum + 
Ebria + + 1 , 000 + 

E .  triparti ta + + 1 , 000 + 
Choanofl age 1 1  a tes 10 , 000 6 , 000  
Uni  den ti fi ed  17 , 000 8 , 000 2 3 , 000  2 ,000 

E ugl enophy ta 3 ,0 00 38 , 000 16 , 000 
Euglena ? 3 ,000 38,000 16 , 000 

E. spp . 3 , 0 00 38, 000 16 , 000 



Tab le  10 ( cont ' d . ) . 

Stati on 566 567 568 5 72 574 5 75 
Date 5 J uly 1 2  Ju ly  1 8  Ju ly  7 Aug 8 Aug 9 Aug 

Pyrrophyta 4 , 000 83 , 000 4 , 000 2 ,000 9 ,000 2 4 ,000 
Amphidiniwn ? 1 2 , 000 

A .  s pp .  12 , 000 
Dinophysis + 

D.  aawninata + 

Gonia:uZax + 6 3 , 000 
G. catenata + 6 3,000 

Peridiniwn 2 ,000 + + 
P. rrrinuscuZwn + 
P .  pe Z Zucidwn ? + 
P. spp . 2 , 000 + 

Uni den ti fi ed 4 ,000 6 , 000 4 , 000 2 , 000 9 , 000 2 4 , 000 

Others 1 7 , 000 34 ,000 99 ,000 5 , 000 26 , 000 10 , 000 U1 

Pi gmen ted fl age l l ates 17 ,000 34 ,000 99 , 000 5 , 000 26 , 000 10 , 000 
N 



Tab le  1 1 .  Speci es compos i ti on an d ab un dan ce of phytop l an k ton from 1 metre wate r  of Stati on 515 , 
Es ki mo Lakes , us ed i n  oi l toxi ci ty experi ments duri ng 19 75 . 

Date 15 J un e  2 J uly  9 J u ly 15  J u ly 2 1  J uly 16 A ug 

Total phytop l ankton ( ce l l s / l i tre ) 784 , 000 392 , 000 73 , 000 172 , 000 19 4 , 000 6 4 , 000 

Baci 1 1  ari ophyta 6 00 , 000 37 1 , 000 4 ,000 16 , 000  2 4 , 000  5 , 000 
Cen tra l es 5 74 , 000 35 3 , 000  + 10 , 000 7 , 000  4 ,000 

Chae toce ros 574 , 000 35 1 , 000  + 10 , 000 7 ,000 4 ,000 
C. ceratosporW'n 566 , 000 344, 0 00 3 , 000 + 
C. neograci le 7 ,000 5 ,000 
C. spp .  8 , 000 7 , 00 0  + + 2 , 000 4 , 000 

Cy c lote Ua + + 

C. s pp .  + + 

Me losira + 
M. s pp .  + 

Thalassios ira + 2 ,000 + + + <.n 

T. spp .  + 2 , 000 + + + w 

Uni den ti fi ed + 

Penn a 1 es 26 , 000 18 , 000 4 , 000 6 , 000 1 7 , 000  1 , 000 
Achnanthes + + + + + + 

A .  lanceo lata + 

A .  Zenmermannii + 

A .  s pp .  + + + + + + 

Amphip leura + + + + 

A .  ruti lans + + + + 

Amphiprora + + + 

A .  spp .  + + + 

Amphora + + + + + 

A .  spp . + + + + + 

Cocconeis + + 

C. spp .  + + 

Diatoma + + + 

D. e longatum + + + 



Tab l e  11 ( con t ' d . ) .  

Date 15 J une  2 J u ly 9 J uly  1 5  J uly 2 1  Ju ly  16  Aug 

Dip Zone is + + + + + + 

D. U toraUs + + + + + 

D. smithii + + 

D. s pp .  + 

Fragi Zariopsis + 3 ,000 + + 

F. ay UndrW3 + 3 ,000 + + 

Gomphonema + + + 

G. kamts cihaticwn + + + 

Gyrosigma + + + 

G. s pp .  + + + 

Li mzophora + 

L .  s pp . + 

NavicuZa + + + + + + 

N .  crucigeroides + + + U1 
-I'!> 

N. directa + + + 

N .  hodgeana + 

N. pseudocrassiros tris + + + 

N .  rhynchocephaZa + 

N. saUnarwn + 

N. s pp . + + + + + + 

Nitzs chia 4 , 000 4 , 000  + + 2 ,000 + 

N. cZos terium 4 , 000 2 ,000 + 1 , 000 + 

N .  seriata 2 , 000 
N. s pp .  + + + + 1 ,000 + 

PinnuZaria ? + + 

P. s pp .  + + 

P Zeurosigma + + 

P. cZe vei + 

P. spp . + 

Stauroneis + + + 

S. s pp .  + + + 



Tab l e  1 1  ( cont 1 d . ) .  

Da te 15  J une  2 Ju ly 9 Ju ly 15 July  21  July  16  Aug  

Syned.:ra + + + + + 
S. fas cicu lata + 
S. s pp .  + + + + + 

Uni  den ti fi ed  22 , 000 11  , 000 4 , 000 6 ,000 15 , 000 1 , 000 

Chrysophyta + + 5 , 000 13 , 000 4 , 000 
Ebria + + 2 , 000 + 

E .  triparti ta + + 2 , 000 + 
Uni den ti fi ed  3 ,000 1 3 , 00 0  4 , 00 0  

Eug l enophyta + 
Euglena + 

E. spp . + U1 U1 
Pyrrophyta 16 5 , 000 1 3 , 000 3 , 000 4 ,000 4 , 000 + 

Amphidinium ? 2 , 000 1 , 000 1 , 000 
A. spp . 2 ,000 1 , 000 1 , 000 

Dinophysis 2 , 000 + + + 
D. acwrrinata 2 , 000 + 
D .  spp . + + 

Goniaulax 147 , 000 + 
G. catenata 147 , 000  + 

Peridinium 1 , 000 + 
P. minus culum + 
P. spp . 1 , 000 

Un i den ti fi ed 16 , 000 9 , 000 2 , 000 4 , 000 4 , 000  + 

Othe rs 19 , 000 8 , 000 66 , 000 147 , 000  15 3 , 000  55 ,000 
Pi gmented fl age l l ates 19 ,000 8 , 00 0  66 , 000 147 ,000 15 3 , 000 55 , 000 



Tab l e  12 Spe ci es compos i ti on and ab un dan ce of phy top l ankton from 1 metlY'e water of S tati on 507 ,  
Es k imo Lakes , us ed i n  oi l ,  Corexi t an d oi l - Corexi t mi xture e xpe ri men ts duri ng  19 75 . 

Date 

Total phytop l ankton ( ce l l s / l i tre ) 

Baci 1 1  ari ophyta 
Cen tral es 

Chaetoceros 
C. s pp . 

Cos cinodis cus ? 
C. s pp .  

Cy c 'lote Ua 
c. caspia 

Tha'lassiosira 
T. s pp .  

Pe nna 1 es 
Achnan thes 

A .  Zemmermannii 
A.  spp . 

Amphip Ze ura 
A ruti 'lans 
A .  s pp .  

Amphiprora 
A .  s pp .  

Amphora 
A .  s pp . 

Cocconeis 
C. s pp .  

Diatoma 
D. e 'long atwn 

1 3  Aug 

48 ,000 

12 , 000 
1 , 000 
1 , 000 
1 , 000 

+ 
+ 
+ 
+ 

1 1 , 000 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

1 , 000 
1 , 000 
+ 
+ 

1 4  Aug 

55 ,000 

22 , 000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

22 ,000 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

15 Aug 

5 4 , 000 

16 , 000 
+ 
+ 
+ 

16 , 000 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

U1 (j) 



Tab l e  12 ( cont 1 d . ) .  

Date 13 A ug 14  Aug 15 Aug 

Dip loneis + + + 
D. U tora Us + + 
D. smi thii + + + 

Gomphonema + + + 

G. spp . + + + 

Gyrosigma + + + 

G. fas cio la + + 
G. wansbe ckii + + + 

G. s pp .  + 

Li cmophora + 
L .  spp . + 

Na:vicula + + + 
N.  CY'ucigeroides + + 

N .  digi toradiata + (J1 
-....J 

N .  dire cta + + 

N .  forcipata ? + 

N .  hodgeana + + + 

N .  humerosa + 
N .  rhyn chocephala + 

N. s a Unarum + + + 

N .  s copulorum + + + 

N. s pp .  + + + 

Ni tzs chia 4 ,000 7 ,000 3 ,000 
N .  c los te ri um 4 , 000 7 , 000 3 ,000 
N. spp . + + + 

Pinnularia ? + 

P. s pp . 



Tab le  12  ( cont ' d . ) .  

Date 1 3  Aug 14 Aug 15 Aug 

Stauroneis + + 
S .  s pp . + + 

Surire Ua + 
S. spp . + 

Synedra + + + 
S. fas ciculata + + + 
S .  s pp . + + + 

Uni den ti fi ed 6 , 000 1 5 , 000 1 3 ,000 

Chrysophyta 1 , 000 + 
Ebria + 

E .  tri parti ta + tn 
co 

Un i den ti fi ed  1 ,000 

Pyrrophyta + 
Un i denti fi ed + 

O thers 35 , 000 33 ,000 38, 000 
Pi gmented fl age l l a tes 35 ,000 33 , 000 38, 000 



Tab l e  1 3 .  Effect of d i ffe ren t types and concentrati ons of oi l on the growth of phytopl ankton i n  
re l at i on to temperatures ( 10 day expos ure ) . Res u l ts exp ressed as percentage o f  con tro l . 

Atki nson  Poi n t  
O i l con centrat i on crude 

Organ i sm � 1 / 10 0  ml o O e 5 °e 10 0e  

Ch t amy  domonas s p . 1 98 . 9 96 . 5  78 . 8 

1 0  8 1 . 2 67 . 0  7 3 . 2 

1 00 34 . 0  1 7 . 8  29 . 5  

1 000 19 . 3  10 . 2  1 5 . 6  

Chae toceros s p . 1 20 . 5  2 0 . 8  1 9 . 3  

10 5 . 0  1 5 . 0  8 . 9  

1 00 3 . 5  4 . 2  4 . 1 

1 000  2 . 0  0 1 . 7  

Navicuta s p .  1 4 . 9  2 . 0  1 . 9  

1 0  4 . 7 1 . 3 1 . 2  

100 4 . 7 1 . 2  0 . 9  

1000 1 . 4  0 . 6  0 . 5  

Nitzs chia s p .  1 2 9 . 7  3 . 3 4 . 2 

1 0  20 . 6  2 . 4  2 . 5 

1 00  16 . 2  1 . 2  2 . 4 

1 000 8 . 5  0 . 4  0 . 1  

Norman We 1 1 s 
crude 

o O e  5 °e lOo e 

120 . 1  55 . 6  6 3 . 5 

2 8 . 1 16 . 1  19 . 4  

19 . 0  7 . 8 1 3 . 2 

1 5 . 4 5 . 5  1 0 . 6  

2 . 6  10 . 8  1 7 . 2  

0 . 9  2 . 7  4 . 2  

0 . 5  0 2 . 4  

0 0 0 . 9  

5 . 9  1 . 2  2 . 8  

3. 3 1 . 2 1 . 8  

1 . 4 0 . 3 0 . 9  

0 . 9  0 . 1  0 . 6  

28 . 5 4 . 2  2 . 1  

18 . 2  1 . 8 1 . 2  

16 . 4  0 . 6  1 . 1  

1 0 . 7 a 1. 0 

Pemb i n a  
crude 

oo e 5 ° e  1 0 0 e  

1 1 1 . 3  6 7 . 6  7 5 . 8 

74 . 6  34 . 5  6 2 . 7 

48 . 2  1 5 . 3 1 4 . 5  

29 . 9  8 . 6  8 . 0  

1 . 9  27 . 3  6 4 . 1 

1 . 2  8 . 1 2 1 . 1  

0 . 6  4 . 2  5 . 4  

0 . 5  2 . 7  2 . 3 

5 . 0  2 . 0  2 . 9  

4 . 6  1 . 7  2 . 7 

3 . 7 1 . 6  2 . 0  

2 . 8  0 . 2  0 . 9  

31 . 9 2 . 4  2 . 0  

31 . 7 1 . 8 1 . 9  

2 3 . 2  1 . 2  1 . 6 

20 . 8  a 1 . 3  

Vene zue l a  
crude 

oo e 5 °C lOo e 

94. 7 56 . 8  64 . 8  

44 . 2  35 . 0  3 5 . 1 

31 . 6  8 . 6  11 . 8  

2 3 . 1 7 . 1  4 . 6  

3 . 5 16 . 5  16 . 2  

2 . 9  2 . 7  3 . 8  

1 . 4  0 2 . 7  

0 . 6 0 0 

7 . 0 1 . 9 2 . 4  

6 . 0  1 . 6  2 . 1  

4 . 3 1 . 3  0 . 8  

3 . 1 0 . 3 0 . 6  

40 . 6  1 . 4  2 . 0  

17 . 6  0 . 8  1 . 6  

16 . 4  0 . 4  1 . 4 

1 5 . 0  a 0 . 1  

Ul 
1..0 



Tab l e  1 4 .  E ffect of vari ous con centrati ons of Atk i n s on Po int  crude o i l o n  the growth of  phytopl ankton 
i n  rel ati on to temperatures and expos ure ti mes . Res ul ts exp ressed as percen tage of contro l . 

Speci es of 
phy top l ankton tes te d  

Ch Zo:;rry domonas s p .  

Chae toceros s p . 

Navi cuZa s p .  

Ni tzs chia s p .  

O i l 
concentrati on 

1l 1 / 100 ml 

1 

10 

100 

1000 

1 

1 0  

100 

1000 

1 

1 0  

100 

1000 

1 

10  

100  

1 000 

10  

98 . 9  

81 . 2  

34 . 0  

19 . 3  

20 . 5  

5 . 0  

3 . 5  

2 . 0  

4 . 9  

4 . 7 

4 . 7 

1 . 4  

29 . 7  

2 0 . 6  

16 . 2  
8 . 5 

Temperatu re ( O C )  
o 5 

Expos ure ti me { daySl 
14  . 20  1 0  14 

99 . 2  1 1 5 . 6  

82 . 7  87 . 8  

34 . 3  37 . 8  

19 . 1  18 . 0  

5 . 6 1 . 3  

1 . 2  0 . 1 

0 . 7 0 . 1  

0 . 3  0 

5 . 6  1 . 8  

4 . 6  1 . 7  

2 . 8  1 . 6  

1 . 2  0 . 6  

1 4 . 2 1 4 . 5 

1 0 . 5  6 . 9  

8 . 1 5 . 3 
6 . 7  3 . 2  

96! . 5 89 . 3  

67 . 0  66 . 4  

1 7 . 8  1 4 . 0  

1 0 . 2 10 . 5  

20 . 8  1 1 . 3 

1 5 . 0  3 . 1  

4 . 2  0 

0 0 

2 . 0  1 . 4  

1 . 3 1 . 1  

1 . 2  1 . 0  

0 . 6  0 . 5  

3 . 3 0 . 6  

2 . 4 0 . 4  

1 . 2  0 . 3  

0 . 4  0 . 1 

10 

10 

78 . 8  

73 . 2  

29 . 5  

15 . 6  

1 9 . 3 

8 . 9  

4 . 1 

1 . 7  

1 . 9 

1 . 2  

0 . 9  

0 . 5  

4 . 2 

2 . 5 

2 . 4  

0 . 1  

O'l 0 



Tab 1 e 15 . Effect of vari ous con cen trati ons of  Norman Wel l s  crude o i l on the growth of  phytop l an kton 
i n  re l ati on to tempe ratu res and expos ure t i mes . Res ul ts expresses  as pe rcen tage of con tro l . 

Temperature 
( D C ) 

Oi l 0 5 10 
Spec i es of concentrati on Exposure ti me (days ) 

p hytop l ankton tes ted 1l 1 / 100 ml  1 0  1 4  20  10 1 4  10 

Ch lamy domonas s p .  1 1 20 . 1  89 . 7  82 . 6  55 . 6  59 . 2  6 3 . 5  

10  28 . 1  1 9 . 3  1 4 . 2 1 6 . 1  16 . 2  1 9 . 4  

100 19 . 1  1 2 . 4  12 . 4  7 . 8  8 . 3 13 . 2  

1000 1 5 . 4  8 . 9  7 . 4  5 . 5 7 . 6  10 . 6  

Chae toceY'os s p . 1 2 . 6 0 . 3  0 10 . 8  3 . 1 1 7 . 2 0'\ 
I-' 

1 0  0 . 9  0 0 2 . 7 0 4 . 2 

1 00 0 . 5  0 0 0 0 2 . 4  

1 000 0 0 0 0 0 0 . 9  

No»i cula s p .  1 5 . 9  4 . 6  1 . 5  1 . 2  0 . 9  2 . 8  

10 3 . 3 2 . 6  0 . 9  1 . 2  0 . 7 1 . 8  

1 00 1 . 4  0 . 5 0 . 5  0 . 3 0 . 2  0 . 9  

1000  0 . 9  0 . 2  0 . 2  0 . 1  0 0 . 6  

Ni tzs chia s p .  1 28 . 5  21 . 2  1 1 . 5 4 . 2  0 . 6 2 . 1 

10 18 . 2  1 1 . 8  8 . 4  1 . 8  0 . 1  1 . 2  

100 16 . 4  9 . 5  2 . 3  0 . 6  0 1 . 1 

1000 1 0 . 7  8 . 1 1 . 8  0 0 1 . 0  



Tab l e  16 . Effe ct of vari ous · con centrati ons of Pemb i n a  crude oi l on the growth of phytopl an kton i n  
re 1 ati on to tempe ratures and expos ure ti mes . Res u l ts expressed as percen tage of con trol . 

Tempe rature ( O C )  

Oi l 0 5 10 
Spe ci es of concentrati on Exposure ti me (days ) 

phytop l ank ton tes ted 11 1 / 100 ml  10  14  2 0  1 0  1 4  10  

Ch Zamydomonas sp . 1 1 1 1 . 3  103 . 8  102 . 9  6 7 . 6  7 3 . 2  75 . 8  

10 74 . 6  73 . 2 66 . 4  34 . 5  41 . 7 6 2 . 7  

100 48 . 2  46 . 3  43 . 2  1 5 . 3  2 1 . 4  14. 5 

1 000 29 . 9  19 . 3  1 1 . 6  8 . 6  8 . 9  8 . 0 

Chae toceros s p .  1 1 . 9 0 . 5  a 2 7 . 3 1 1 . 8  64 . 1  0'> 
N 

10 1 . 2 0 . 2  a 8 . 1 1 . 6  2 1 . 1 

100 0 . 6  a a 4 . 2  a 5 . 4  

1000 0 . 5  0 a 2 . 7 a 2 . 3 

Navi cuZa sp . 1 5 . 0 3 . 9  1 . 9 2 . 0  1 . 2  2 . 9 

10  4 . 6  3 . 1 1 . 8 1 . 7  1 . 0 2 . 7  

100 3 . 7  1 . 8  1 . 6 1 . 6  0 . 7 2 . 0  

1000 2 . 8  1 . 3 0 . 4  0 . 2  0 . 1 0 . 9  

Ni tzschia s p .  1 31 . 9  16 . 6  1 4 . 5  2 . 4  0 . 6  2 . 0  

10  31 . 7  1 3 . 7 9 . 1  1 . 8  0 . 5  1 . 9  

100 2 3 . 2  13 . 3  8 . 1 1 . 2 0 . 3  1 . 6 

1 000 20 . 8  1 3 . 0 6 . 9  0 0 . 1  1 . 3  



Tab l e . 17 . E ffe ct pf  vari ous con cen trati ons of  Venezuel a crude oi l on the growth of  phytopl an k ton 
in  re l ati on to temperatures and expos ure t imes . Res u l ts e·xpressed as pe rcentage of con trol . 

Tempe ratu re ( Q C )  

Oi l a 5 10 
Speci es of con centrati on E xpos u re ti me ( days ) 

phy top l an k ton tes ted ]1 1 / 100 ml 10 14  2U 10 14  10 

Ch lamy domonas s p . 1 94 . 7 9 3 . 0  83 . 8 56 . 8  72 . 4  6 4 . 8 

1 0  44 . 2  40 . 9  4t)· . 8  35 . 0  5 8. 4 35 . 1  

100 3 1 . 6  2 0 . 5  1 7 . 8  8 . 6  9 . 6  1 1 .  3 

1000 2 3 . 1 16 . 3  8 . 9 7 . 1  7 . 3 4 . 6  

Chae tocel'OS s p . 1 3 . 5  0 . 6  0 16 . 5  6 . 8  16 . 2  O"l 
w 

10 2 . 9  0 . 2  a 2 . 7  2 . 1  3 . 8 

100 1 . 4  a 0 0 0 2 . 7  

1000 0 . 6  0 a 0 a 0 

Navi cula s p  . 1 7 . 0  3 . 8  1 . 6  1. 9 1 . 3  2 . 4  

10 6 . 0  3 . 8 1 . 6  1 . 6 1 . 0  2 . 1  

100 4 . 3 2 . 3  0 . 8  1 . 3  0 . 4  0 . 8  

1000 3 . 1  0 . 6  0 . 4  0 . 3  0 . 1 0 . 6  

Nitzschia s p .  

1 40 . 6  1 3 . 3 6 . 3  1 . 4  0 . 8  2 . 0  

1 0  17 . 6  6 . 3  4 . 6  0 . 8  0 . 3 1 . 6  

100 16 . 4  5 . 1  3 . 2 0 . 4  0 . 2  1 . 4  

1000 1 5 . 0 4 . 9  2 . 9  a 0 0 . 1 



Tab l e  1 8 .  Effect o f  vari ous con centrati ons of Corexi t o n  the growth of phytopl an kton i n  re l ati on 
�o temperatures and expos ure t imes . Res u l ts expressed  as percentage of  con trol . 

Tempe rature ( O C )  
Corexi t 0 5 1 0  

Speci e s  of concentrat i on Expos ure ti me ( days ) 
phytopl!an k ton tes te d  jl l / lOO m l  10 14  20 10 1 4  10 

Ch Zamy damon as s p . 1 103 . 8  104 . 9  106 . 2  104 . 9  83 . 4  1 34 . 3 

10 83 . 6 96 . 7  103 . 4  87 . 8  80 . 4  1 02 . 2  

100 74. 3 71 . 9  62 . 0  46 . 8  40 . 1  79 . 0  

1000 2 1 . 3 1 3 . 9  1 1 . 6 1 5 . 2  1 2 . 6  13 . 2  

Chaetaceras s p .  1 102 . 2  98 . 5  76 . 4  1 07 . 7  77 . 4  46 . 5  0'\ 

10  76 . 5  76 . 2  71 . 1  28 . 6  20 . 8  33 . 4  
..j:>. 

100 22 . 8  4 . 8  1 . 3  4. 4 0 . 6  4 . 3 

1000 15 . 2  1 . 9  0 . 4  2 . 7  0 . 4  0 

Navicu Za s p. 1 22 . 8  34 . 3 29 . 6  98 . 8 103 . 3 1 45 . 8  

10 19 . 1  2 7 . 9  2 5 . 0  6 3 . 3 79 . 5  102 . 5  

100 8 . 0 5 . 9  1 . 9  10 . 8  3 1 . 1 5 . 8  

1000 3 . 9  2 . 7 0 . 6  0 . 3  0 . 3 2 . 2  

Nitzs cihia s p .  1 78 . 0  76 . 5  49 . 9  1 1 7 . 2  93 . 4 98 . 2 

10 4 3 . 2  46 . 3  1 1 . 2  32 . 9  3 . 0 34 . 4  

100 32 . 6  1 3 . 8  6 . 5  7 . 7  0 . 7  1 . 4  
1000 2 1 . 2  1 1 . 5  5 . 1  4 . 2  0 . 7  1 . 3  
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Fi g .  33.  I n  s i tu net pri mary producti vi ty of seaweed i n  rel ati on 
to TTgnt i n tens i ty ,  sa l i n i ty and temperature at Es kimo 
Lakes s tati on 507 at 2 metres duri n g  s ummers of 1974 
and 1975 . 
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