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INTRODUCTION

The purpose of this study was to measure the seasonal changes

in the biomass and rate of production of the phytoplankton com

munity in St. Margaret's Bay. and to make simultaneous measurement

of a wide variety of physical and chemical parameters which might

affect the rate of primary production: it was hoped that the more

significant parameters could then be selected for further study

and incorporated into a predictive model of primary production in

St. Margaret's Bay. No attempt was made to measure the contri

bution of the attached algae and macrophytes to the total primary

production of the bay.

At the outset we were faced with the problem of how to divide

the total effort between cursory examination of a large number of

different stations, and frequent, comprehensive measurements at a

few selected stations. In the absence of any prior knowledge of

the physical oceanography of St. Margaret's Bay and of the nature

of the physical and biological heterogeneities within the bay, we

decided to put the main part of our effort into making frequent

measurements of a large number of parameters at a single station

(Station A). The rest of the effort went into making a series of

statistical surveys designed to study the biological variability

within the bay, and to make occasional measurements at different

stations, both inside the bay and in the approaches on the conti

nental shelf, such that we could estimate to what extent our

measurements at one station could be considered as representative

of conditions in the bay. The measurements on the spatial varia

bility of phytoplankton will be described in a separate report.
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The data collected in this report may be grouped into three

classes:

(i) Regular sampling at station A.

(ii) Irregular sampling at other stations.

(iii) Weekly sampling at nine stations during the
autumn bloom.

Station A

Station A is located one mile from the western shore of St.

Margaret's Bay at 64°02'W 44°3S'N in 58 m of water (Fig. 1). Pre-

liminary observations were made on this station in July and August

1966. Between January and December 1967 station A was occupied

fifty-one times. Seven depths were sampled on each occasion. giv-

iog a total of 357 samples. The interval between sampling was not

fixed, but was adjusted according to the activity in the plankton.

Sampling was done from the FRB research vessel SIGMA-t. The

station was occupied at 0900 hours local time. First, a cast was

made of 7-litre PVC Van Dorn bottles at 1m, Sm, 10m, ISm, 2Sm,

40m, SSm. From this cast samples for dissolved oxygen analysis

were drawn and pickled. Next, from each depth (except bottom),

two light and one dark l2S ml stoppered glass bottles were filled

with raw sea-water. These bottles were brought into a darkened

laboratory where they were inoculated with 1 ml NaHc
l4

0 3 , for

photosynthetic rate measurement. The bottles were clamped into

clear plexiglass frames which were lowered to the depths from which

the samples were taken and incubated for hours, from 1000 to 1400

hours local time. The remainders of the samples in the Van Darn

bottles were treated as follows. From each depth, two litres were

filtered and the residues used for chlorophyll and particulate
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Fig. I. Location of sampling stotions in St. Morgaret's Boy and approoches.
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carbon analysis. A third litre was filtered, the residue retained

for particulate phosphorus analysis and the filtrate poured into

six 130 rol screw-top polyethylene bottles. One of these was used

for salinity analysis. The rest were stored at -20°C until re

quired fOT inorganic phosphate, total phosphate, nitrate, ammonia

and silicate analyses. Finally, 150 ml was preserved in formalin

and passed to S. M. Saifullah, McGill University. for species

enumeration of phytoplankton. Metered vertical plankton tows were

made with a 0.5 m 366~ (12) net for study of zooplankton biomass

and chemistry and for species enumeration. The species counts were

made by the Canadian Oceanographic Identification Centre. National

Museum, Ottawa through the couresy of Dr. Daniel Faber. Measure

ments of water transparency were made down to 30 m using a two

cell photometer and a green filter. The peak sensitivity of the

system was at 530 m~, width (full width at half weight) was 70 m~.

Incident radiation was measured continuously with two Eppley 50

junction pyranometersj one mounted on a barge moored 1 mile east

of station A (see chart), the other on the roof of a trailer parked

close to the Mill Cove Government Wharf.

Other Stations

(i)

(ii)

CNAV SACKVILLE May 2 - 17 1967

R/V E. E. PRINCE Sept. 7 - 8 1967

(CODC , 01-67-003)

(CODC 01-67-005)

The station positions relevant to these cruises are shown on the

chart. Fig. 1.

Autumn Bloom Survey

Collection of data in this group was made possible by the co

operation of Dr. R. W. Trites and the Applied Oceanography Group,
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Bedford Institute. Nine stations were occupied at weekly intervals

between Oct. 3 and Nov. 8, 1967. The locationsof the stations are

shown on the chart in Fig. 12. On each station samples were col

lected for chlorophyll, inorganic phosphate and nitrate analyses,

in addition to standard hydrographic measurements. Sampling depths

were 1, 5, 10, IS, 25, 40 and S5 metres. With these samples it was

hoped that some insight could be gained into the station-te

station variation within the bay and into the progress of the

bloom throughout the bay.
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METHODS

1. Nutrients

All measurements of concentration of inorganic nutrients were

made on filtered samples.

Nitrate

Nitrate was measured as the sum of nitrate plUS nitrite by re

ducing the nitrate to nitrite using the Grasshoff modification of

the Cadmium amalgam column method, as described in Strickland and

Parsons (1965). No separate determination of the nitrite fraction

was made.

Silicate

Silicate was measured by the method of Grasshoff (1964).

Phosphate

(a) Inorganic: Inorganic phosphate was measured by the

method of Murphy and Riley (1962).

(b) Total dissolved: Total dissolved phosphate was

measured by the method of Menzel and Corwin (1965).

Ammonia

Ammonia was measured by an unpublished method of Grasshoff. The

ammonia reacts with hypobromide to form a bromamine complex. Excess

hypobromide is destroyed by sodium nitrite. The complex forms a

blue solution with starch-iodide reagent. The extinction of this

solution is measured at 610 m~.

Oxygen

Dissolved oxygen was measured by the modified Winkler method

as described in Strickland and Parsons (1965).
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2. Phytoplankton Biomass

Particulate Carbon

Samples for particulate carbon analysis were obtained by

filtering one liter of sea-water through a 5.5 em Whatman GF/C

glass-fibre filter. Before use the filter was heated to 500°C for

30 minutes to remove organic carbon. Particulate carbon was

determined by the wet ashing technique, essentially as described by

Strickland and Parsons (1965). The method was standardized against

dextrose.

Chlorophyll a

One liter of sea-water was filtered through a 5.S em Whatman

GF/C filter. Chlorophyll ~ was measured on the filters by the

fluorometric method of Yentsch and Menzel (1963), as modified by

Holm-Hansen ~ !.! (1965). The fluorometer was calibrated against

pure chlorophyll ~ extracted from spinach. Using this method of

chlorophyll measurement one can also make an estimate of the concen

tration of the degradation product phaeophytin.

Particulate Phosphorus

Samples for particulate phosphorus analysis were collected by

filtering one liter of sea-water through a 47 mm 0.45~(HA) Millipore

filter. The samples were placed individually in shell vials and

stored in a dessicator at -20°C until required for analysis. At this

time, the filters were placed in 125 ml Erlenmeyer Vycor (96\ Silica)

flasks. The flasks were heated in a muffle furnance at 500°C for 30

minutes to ash the filters. The residue was dissolved in 15 ml

distilled water and the phosphorus measured by the method of Menzel
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and Corwin (1965).

3. Prima ry Production

Primary production was measured by the C
14

method, essentially

as outlined in Strickland and Parsons (1965). The samples were in

cubated in situ. Two light bottles and one dark bottle (125 ml)

were used at each depth. Five microcuries of C
14

(NaHC
14

0 3) were

added to each bottle. Incubation lasted fOUT hOUTS. covering the

period 1000-1400 hours. local time. The samples were filtered im-

mediately; formalin was not used to arrest phytosynthesis. The

filters (HA millipore filters, 2.5 em diam., pore size O.4S~) were

dried in a dessicatoT and counted in a Baird-Atomic model 727

automatic S-counting system using a moclel FC-l thin-window gas flow

counter. The efficiency of the counting system was determined by

repeating selected counts by liquid scintillation counting in the

gas phase.

In the course of our carbon-l4 experiments, we noticed from

time to time erratic and improbable resul ts; the activi ty on the

filter seemed too high for the conditions, apparent high fixation

rates in dark bottles, or one light bottle giving a higher reading

than its duplicate. When results of this kind are encountered it

is usual to suspect carbon fixation by bacteria and to take

suitable steps to remove the bacterial contamination. However,

experiments made in collaboration with Dr. W. H. Sutcliffe showed

that the erratic results were caused by particulate detritus in

the NaHcl4 0
3

ampoules, which become trapped on the filter and gave

spurious high counts of radioactivity. This radioactivity cannot

be removed by washing with distilled water, sea-water, dilute
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acid, dilute alkali, organic solvants or by fuming with concen

trated Hel. It constituted a large and unsystematic blank.

The ampoules were prepared by a leading supplier of radio

active compounds. The detritus could he seen easily by microscopic

examination. We conclude that when apparent high dark fixation of

carbon is encountered, the presence of detritus in the ampoules, as

well as bacterial contamination should be suspected. If there is

any doubt, the contents of the ampoules should be filtered immedi

ately before use.

4. Zooplankton

Samples of zooplankton for chemical analysis were obtained by

vertical tows with a 0.5 m diameter 366]J mesh size (12) metered net.

On each station five metered vertical tows were made from 50 m to

surface. The catch was rinsed quickly in distilled water and trans

ferred to a plastic bag, which was frozen and stored at -20 o e until

required. The samples were freeze-dried and the dry weight de

termined. About 5 mg of the freeze-dried material were used for

carbon analysis by the method outlined above. About 0.5 g were

heated to 600°C for 30 minutes (or until constant weight was

achieved) for determination of % ash. Finally, about 1 g of the

freeze-dried material was used for measurement of calorific value

with a Parr bomb ca~orimeter. The calorific values measurements

were made by Dr. V. M. Brawn; the technique is described in Brawn

~ ~ (1968).

5. Precision of the Chemical Measurements

To decide whether small variations in nutrient concentration

or biomass estimates between samples are significant, we need some
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knowledge of the precision of the individual measurements. We have

determined the standard deviation of each of our chemical analyses.

For example, to determine the precision of the silicate method, five

replicate analyses were made on each of six sea-water samples con

taining differing amounts of silicate. The standard deviation was

computed for each group and the coefficient of variation (standard

deviation divided by mean) was found. As expected we find that the

coefficient of variation is constant over the range of silicate con

centrations examined. i.e. the standard deviation is directly pro

portional to the mean. In general, we have found this to be true

of all OUT analyses and in what follOWS we make the assumption that

the coefficient of variation of all analyses is constant over the

range of values encountered in the study. The standard deviation of

any given measurement can then be found by multiplying the value of

the measurement by the corresponding coefficient of variation.

These coefficients are listed in Table 1.

~' Coefficients of variation of chemical analyses.

Method Coefficient of Variation (%)

Inorganic Phosphorus 5.0

Total Phosphorus 2.0

Particulate Phosphorus 2.0

Silicate 2.5

Nitrate 4.5

Ammonia 4.0

Salinity 0.008

Chlorophyll 8.0

Particulate Carbon 2.0
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Coefficient of Variation (\)

10.0

*This value is taken from Cassie (1962).

We must also consider the precision of integrated values of

any quantity. The integrated value of any nutrient represents the

total amount of that nutrient in the water column beneath unit

area of the sea surface. The integral is found by splitting the

water column into layers, the divisions being made midway between

the sampling depths. Let Vi be the value of a given nutrient in

the i th layer of thickness tio The integral Iv is then given by:

Iv :

where N = number of layers = number of sampling depths. Following

Goldman (1965), we can compute the standard deviation of Iv if we

know the 5
i

, the standard deviations of the Vi"

The variance of the integral is given by:

whence the standard deviation is

For the work at station A we had seven sampling depths. These

depths and the corresponding layer thicknesses are tabulated below:

Depth (Met res)

*1

Thickness of layer (m)

2.5

*It is assumed that this sample represents the conditions at Om.
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Depths (Metres) Thickness of layer (m)

5.0

10 5.0

15 7.5

25 12.5

40 15.0

55 7.5

Since we can always find the standard deviation of QUT chemical

measurements by using the coefficients of variation in Table 1, we

can now compute the precision of any integrated measurement.

6. Optical Measurements

(a) Incident radiation

Incident radiation was measured by two Eppley SO-junction

pyranometers. One of these was mounted on a barge moored one mile

east of station A; the other was mounted on the roof of a trailer

parked adj acent to the Mill Cove Government Wharf. The output from

the pyranometers was measured by potentiometric strip chart re

corders on the chart record, the area under the curve corresponding

to the duration of the (14 primary production experiments was

determined by planimeter integration. This integral represented the

total radiant energy incident on a unit area of sea surface during

the experiment (cal/cm2hr). The t\.,ro pyranometers were not always

functional simultaneously. For those days on which \.,re have records

from both instruments we have computed the correlation coefficient,

r = 0.89 (P = 0.001). Records from either instrument are therefore

adequate for our purpose. For days on which we have duplicate

measurements we have used the mean of the two.
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The values of incident energy measured in this way represent

the energy in spectral region 300-5000 mu. To get the fraction of

the incident energy in the photosynthetic range 380-720 m~ we multiply

by 0.5 (Strickland, 1958). To allow for losses at the sea surface

we make a further reduction of 10\; the radiation useful to the phyto

plankton community is therefore estimated to be 45\ of the total

as measured by the pyranometer.

(b) Transparency

Measurements of water transparency were made down to 30 musing

a two-cell hydrophotorneter with a green filter. Peak sensitivity of

the system was at 530 mu with a band width of 70 mu. The deck and

sea cells had separate ammeter readouts, a less satisfactory arrange

ment than a direct ratio readout. The optical transmission of the

water was measured as the ratio of the output of the sea cells to

that of the deck cell. The logarithm of this ratio was plotted

against depth. From this graph we determined the value of the

extinction coefficient k in the equation

-kz
e

where z is the depth in metres and 1
0

is the irradiance at z = O.

The units of k are (metres)-l; it represents the average extinction

coefficient of the upper 30 m of the water column.

Because the manufacturer was grossly overdue on the delivery

date for the photometer, measurements of extinction coefficient are

available only from 28 August onwards. For the period 28 August -

12 December we have compared the measured extinction coefficients

with the average chlorophyll concentrations in the water column

(mg/m3). The Tf.·gression e'lwltion is
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k = 0.081 + 0.108 x (rhla)

The coefficient of correlation is T 0.85 (P = 0.001). From the

regression equation we can estimate the value of the extinction

coefficient on the days when it was not measured in the early part

the fraction of the incident radiant energy

of the year. Armed with a list of values of k we can calculate

I z which is availabler;;-
on any day to the phytoplankton at any depth.

It is of interest to examine the precision of a measurement of

extinction coefficient made with a two-cell photometer. 1he am-

meters are rated at !2\ full-scale reading. Typically we read the

deck cell at 7 rnA and the sea cell at lSlJA. Full scale readings

are 2SmA and 2SlJA respectively. ErTor in the deck cell is then ~8'

and in the sea cell ~4'. The error in the ratio R = Iz/Io is then

,,4\.

We have hI< :::: <>K h + ~" $R ana ,,- - i I":] R.
<>z. -57<

then ~K :::: -~R 1- Sz +.L SR
z.~ z.R

or ~::: ~ I g
K z. ~R (J.

Assuming that the error in the depth measurement is negligible

compared to the error in R we can ignore the first term on the

right. Typically R' 0.85 M- l , log R = -0.16 and ~ = 4\ = 0.04.

In this case we have that ~ • 0.25 so that k • 0.16±0.04. The

error is large for a single measurement; however the extinction co

efficient that we have used averages the data from 30 measurements
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and we can expect a considerable reduction in the erTOT. At the

same time we should recognite that in reality the extinction coef

ficient will not be independent of deptn but will show vertical

variations depending in part on the presence of local concentrations

of phytoplankton.
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Station A

The results obtained at station A are listed in Appendix 1.

1. Temperature and Salinity

During the winter months the water column was well mixed from

surface to bottom with temperatures in the range 0° - loe and

salinities in the range 30 - 31.5%0. The coldest point was

reached on March 19 when the upper 10 m was all at less than O°C

and only that part of the water column below 40 m had a temperature

greater than 1°C. From this time on there was evidence of surface

warming, and a pattern was established of the formation of incipient

thermoclines and their destruction by wind action. By April 13 the

column was mixed down to 30 m with a temperature of 1.4°C and

salinity 30.99% 0. Subsequently a period of settled weather per

mitted surface warming to 2.0 o e and the formation of a thermocline

at IS m. It was during this period that the spring flowering o~

the phytoplankton occurred. However, by April 24 when the biomass

of the phytoplankton was at its peak for the year, the thermocline

was all but destroyed. During the latter half of April and the

month of May, there occurred from time to time thin layers of low

salinity water (29%0 or less) at the surface, these were due to

the increased freshwater run-off associated with the spring thaw.

It was only in late May that strong thermoclines began to

develop,' On June B the upper 10 m were at Boe with salinity 30.6%0

while below 10 m the temperature was 4°e and the salinity 31.2%0.

From here on surface warming was rapid, The maximum surface

temperature recorded in 1967 was 20 0 e on July 24, when the thermocline
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was at 4 m.

Between August 28 and September 5 a profound change took place

in the hydrography of St. Margaret's Bay. On August 28 the surface

temperature was 15.6°C, salinity 29.36%0 and there was a strong

thermocline at 7 m. Seven days later the surface temperature had

dropped to 6.9°C, the salinity was 31.26%0 and there was no

thermocline (Fig. 2). Between September 11 and September 18, the

surface temperature increased from 7.8°C to 12.4°C and by September

2S the temperature was uniform at 14°C from surface to 36 m.

Hydrographic conditions continued to be unstable throughout October.

As late as November 6 the surface layer was over 30 m thick and the

temperature was 11°C. By December B the water had cooled consider

ably and the typical winter situation had become established with

the bottom temperature greater than the surface temperature.

Bottom salinity showed little variation throughout the yearj

between January and August it was in the range 31.J - 31.7% 0 and

during the remainder of the year in the range 31.8 - 32.1% 0. The

annual range of bottom temperatures was only 5°. Highest bottom

temperatures were found in the late fall and early winter.

The bottom temperature 'on January 16 was 4.8°e but this had

fallen to 1.3°e by February 15. The lowest value was O.3°e on

April 1. This had increased to 1.Joe by May 11. During the summer

months the bottom temperature was about 2.5°e, increasing to J.6°c

in early October. The maximum value of 5.l oC was recorded on

November 6.

2. ~

The water at station A is saturated, or very nearly saturated

with oxygen throughout the year. The seasonal variation in
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dissolved oxygen is shown in Fig. 3. Between January and May the

dissolved oxygen concentration was uniform throughout the water

column at 0.65 - 0.75 g-at/m 3. In the summer months the vertical

profile of dissolved oxygen showed typically a surface value of

~O.S5 g_at/~3 and a peak of ~O.7 g_a t /m
3

at 10 - 15 m. In general

this peak was located somewhat deeper in the water column than the

peak in the photosynthesis-depth profile. During September and

early October the vertical profile of dissolved oxygen was disturbed

by the unstable hydrographic conditions; however on October 30 and

November 6 we again observed an oxygen maximum in the surface layer.

By December 8 the oxygen profile was typical of the winter obser-

vat ions made earlier in the year.

3. Silicate

The seasonal variation of the integrated value of the dissolved

silicate in the water column at station A is shown in Fig. 4. In

winter the silicate is fairly constant at ~430 mg-at/m 2 . During

March, silicate increased to a maximum of 600 mg-at/m 2 . Beginning

in April, there was a progressive decline in silicate as it was

utilized by the phytoplankton. By May 11 the silicate level had

fallen to 156 mg-at/m 2 . There followed a gradual increase to a

value of 450 mg-at/m2 on August 21. Subsequently the silicate level

showed marked oscillations, reflecting the unstable hydrographic

conditions. The minimum value recorded for the year was 142 mg-at/m 2

on September 25. By December 8 the silicate level was at the same

value as was measured during the first three months of the year.

Utilization of silicate in the euphotic zone was rapid during

the spring bloom. There was generally a minimum in the silicate
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profile at 5 - 10 m; this is also the depth at which the maximum in

the photosynthesis profile occurS. The true depletion rate of

silicate was higher than would be estimated by following the changes

in the surface layer: the concentration of silicate at depth was

also decreasing at this time as a result of vertical mixing. For

example the bottom silicate decreased from 10 mg-at/m 3 on April 24

to 3 mg_at/m 3 on May IS. It is of interest to note the rapid re

covery of the "bottom silicate, which had increased to 11.3 mg-at/m
3

by 17 July.

4. Phosphate

The seasonal variation of the integrated value of the inorganic

phosphate in the water column, as illustrated in Fig. 5 is very

similar to that for silicate. There was a gradual increase through

the winter in the amount of phosphate in the column to a maximum of

54 mg-at/m 2 on March 19. Depletion of phosphate was rapid during the

bloom; the phosphate concentration had fallen to 22.9 mg-at/m2 by

May 4. There followed a steady increase in the amount of inorganic

phosphate in the water column. Between September and November wide

oscillations in inorganic phosphate were observed.

In the vertical distribution of inorganic phosphate the minimum

was usually at the surface. On April 27, towards the end of the

spring bloom, the surface phosphate had fallen to 0.19 mg-at/m 3..

Lower values were observed during the months of July and August;

the minimum for the year, 0.02 mg-at/m 3 was recorded on August 28.

The maximum phosphate concentration in the water column was in-

variably found at the bottom: the annual range in the bottom phos-

phate concentration was quite small, the vast majority of readings
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being in the range 0.7 - 0.9 mg-at/m 3
.

The seasonal variation in total dissolved phosphate is shown in

Fig. 6. Dissolved organic phosphate was 'estimated as the difference

between total dissolved phosphate and inorganic phosphate. Winter

values of dissolved organic phosphorus were about 3 mg-at/m2 ; summer

values ~ere in the range 10 - 15 mg-at/m 2 . Dissolved organic

phosphate varied from 3% - 42\ of the total dissolved phosphate.

Prior to the onset of the plankton bloom this fraction averaged

10.6\; it increased from 10.5\ to 22.1\ between April 17 and April

19, coincident with the onset of the spring bloom. During the sum-

mer months, dissolved organic phosphate averaged 29\ of the total

dissolved.

5. Nitrate

As shown in Fig. 7, the gross features of the seasonal variation

of nitrate are very similar to those of silicate and inorganic phos-

phate. Nitrate increased through the winter reaching a peak at 323

mg-at/m 2 on March 17. Following the spring bloom, nitrate fell·to

61.7 mg-at/m 2 on May IS. There was a steady increase in nitrate

through the summer months. In September and October the nitrate

content of the water column varied between wide limits corresponding

to the unstable hydrographic conditions at that time. By December 8

the nitrate level was back at the typical winter value of 275 mg~at/

m2 . The minimum nitrate recorded was 20.7 mg-at/m 2 on September 25.

During the winter, the surface nitrate concentration averaged

about 5 mg-at/m 3 ; immediately prior to the onset of the spring bloom

it was 4 mg-at/m 3 . Nitrate was removed very quickly from the

euphotic zone by the growing phytoplankton and by April 24 was less
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than 1 mg-at/m 3 . Nitrate concentration in the upper 10 m did not

exceed mg-at/m3 until the following December. During the months

of June, July and August, the euphotic zone nitrate concentration

was extremely low, the average for the upper 10 m frequently being

less than 0.1 mg-at/m 3 . However the nitrate concentration at the

bottom was usually greater than 2 mg-at/m3 all summer.

6. Ammonia

Because of possible contamination of reagents during part of

the analysis of ammonia samples, we have chosen not to report ammonia

values for the period JUly 3 to September 11. For the rest, there

is in general an inverse relationship between ammonia and nitrate.

The depletion of nitrate during the spring bloom was accompanied by

a steady increase in ammonia; in other words ammonia was being gener-

ated faster than it was being consumed or oxidized. By early June

ammonia represented nearly half of the total inorganic nitrogen con-

tent of the water column. Throughout the rest of the year when we

had ammonia samples, the fraction of inorganic nitrogen which was in

the form of ammonia \\las considerably less than this. There are no

large reserves of ammonia close to the bottom; whereas in winter it

would not be unusual to find 5 mg-at/m 3 of nitrate at SS m
t

the

concentration of ammonia was usually less than 1 mg-at/m 3 . When we

consider just the surface waters, however, during May and June there

were considerablymore inorganic nitrogen present as ammonia than

nitrate.

7. Primary Production

The seasonal variation in primary production at station A is

shown in Fig. 8. The dominant feature is of course the spring bloom
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in late April. However, the duration of the bloom, as measured by

the full width at half maximum, was only 12 days, so that the total

production during the bloom did not represent a very large contri-

but ion to the total annual production. Primary production measure

ments prior to the spring bloom averaged about 10 mgC/m
2
hr. Pro

duction at the peak of the spring bloom was 168 mgC/m
2
hr on April

27. At the end of the spring bloom, production was reduced to the

winter level of 10 mgC/m 2hr, but quickly recovered and by June 1 had

reached SO mgC/m 2hr. For the rest of the year the production oscil

lated about a mean of 60 mgC/mZhr.

The production estimates plotted in Fig. 8 are not corrected

for differences in incident radiation or phytoplankton biomas!.

It is instructive to consider the effect of normalising the pro-

duction with respect to these two variables. In Table 2 we have

listed values o'f integrated production per unit incident radiation,

and integrated production per unit incident radiation per unit bio-

mass.

The average value for production per unit incident radiation

was 4.58 x 10- 4 CmgC/m 2hr)/Cca1/m 2hr) with a coefficient of variation

of 71\. If we assume that IgC is equal to 2.9g dry weight (un

published data for Bedford Basin phytoplankton) and take the

calorific value of phytoplankton as 4.6 cal/mg dry weight (V. r.1.

Brawn, unpublished, Bedford Basin phytoplankton) then I gC is

equivalent to 13.3 Kcal. In this case the primary production per

unit area of sea surface is 0.61\ of the incident radiation. The

mean value of production per unit incident radiation per unit bio

mass was 0.14 x 10- 4 mgC/ca1CmgCh1a/m 2) or 0.019\/CmgCh1a/m2) with
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Table 2 Estimates of primary production normalised to incident

radiation and phytoplankton biomass.

Date

April 6

13

17

19
21

24

27

May 1

June· 5

8

12

15

18

July 3

10

17

24

31

Aug. 14
21

28

Sept. 5

11

18
25

Oct. 2

Nov. 6

2fP(z)dz mgc/mlr
1

0
caI/m hr

0.42 x 10- 4

0.74 x 10- 4

0.54 x 10- 4

1.15 x 10- 4

4.20 x 10- 4

6.31 x 10- 4

5.90 x 10- 4

3.27 x 10- 4

1.36 x 10- 4

3.56 x 10- 4

15.45 x 10- 4

7.23 x 10- 4

3.98 x 10- 4

7.47 x 10- 4

10.72 x 10- 4

2.81 x 10- 4

4.20 x 10- 4

6.64 x 10- 4

3.85 x 10- 4

2.49 x 10- 4

5.91 x 10- 4

4.61 x 10- 4

2.56 x 10- 4

2.67 x 10- 4

6.84 x 10- 4

3.54 x 10- 4

5.19 x 10- 4

fP(z)dz mgC/m 2hr
IofB(z)dz (cal/mZhr)(mgChla/m Z)

0.018 x 10- 4

0.025 x 10- 4

0.020 x 10- 4

0.026 x 10- 4

0.052 x 10- 4

0.033 x 10- 4

0.017 x 10- 4

0.013 x 10- 4

0.038 x 10- 4

0.061 x 10- 4

0.639 x 10- 4

0.447 x 10- 4

0.161 x 10- 4

0.178 x 10- 4

0.281 x 10- 4

0.104 x 10- 4

0.138 x 10- 4

0.235 x 10- 4

0.119 x 10- 4

0.113 x 10- 4

0.238 x 10- 4

0.243 x 10- 4

0.082 x 10- 4

0.082 x 10- 4

0.130 x 10- 4

0.147 x 10- 4

0.098 x 10- 4

PCz) is the primary production at depth z.

B(z) is the biomass of phytoplankton at depth z.

10 is the incident radiation at the surface.
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a coefficient of variation of 104\. The heterogeneity was in

creased, rather than decreased, when the production was normalised

with respect to the biomass.

In the vertical distribution of primary production the maximum

was found most often at the surface, although there was frequently

evidence of surface inhibition in which case the peak was at 5 m.

Production at 40 m was usually zero.

8. Estimate of Annual Primary Production

It is of interest to make an estimate of the contribution of

the phytoplankton community to the annual primary production of St.

Margaret's Bay. The measurements of photosynthetic rate at station

A refer to the quantity of carbon fixed during the period 1000-1400

hr. local time; from them we can approximate the daily rate on the

assumption that the photosynthesis per unit incident radiation is

constant throughout the day.

We consider that the time dependence of the incident radiant

energy through the day may be described by the equation

lo(t) • lo(m.x) 1/2 (1 + Cos q. t), (Vollenweider, 1965)

In this equation the origin of time, t : 0, is taken to be at local

noon, 1
0

(max) is the incident radiation at t 0 and A is the day

length factor (number of hours between local sunrise and sunset).

A can be calculated from data in nautical almanacs. It is listed

in Table 3 for the 15th day of each month at latitude 45°N. The

total incident energy, T(t
l

, t z), between times t 1 and t z can be

expressed in terms of the noon value as follows:
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or

For a full day t l • -A/Z and t z • +A/Z so that TCZ4 hr) • l/Z IoCmax)A.

If the primary production experiment is spaced symmetrically

about noon, t z = -t1

Then

Hence the fraction of the daily radiation which is incident during

the period of the experiment is F, where

The quantity Ct z + t l ) is simply the experiment duration in hours.

Monthly average values of F for a 4 hr. experiment are listed

in Table 3. We can estimate the daily photosynthetic rates by

dividing the total production in the experiment by F. The monthly

averages of daily primary production allow us to make an estimate

of annual primary production. Since we are lacking production

data for the months of January and February we have assumed that

the photosynthesis per unit radiation is constant between December

and January and between February and March.
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Table 3 Monthly averages of daily primary production.

(hT) F
Prima ry Prod" Daily ProdoDay Energy Corrected

Month length fraction mgC/m 2 (4hT) mgC/m2day Fe daily Prod"

Jan 9.15 0.75 230.1 307 0.70 329

Feb 10.38 0.69 42.6 62 0.64 66

MaT 11. 93 0.62 42.6 68 0.51 83

APT 13.48 0.56 202.6 365 0.46 442

May 14.85 0.51 136.1 268 0.42 323

June 15.58 0.49 186.7 382 0.37 499

July 15.23 0.50 277 .9 561 0.38 736

Aug 14.18 0.53 247.2 468 0.40 613

Sept 12.28 0.60 312.4 521 0.50 631

Oct 10.90 0.66 210.6 319 0.54 388

Nov 9.53 0.73 463.2 636 0.60 769

Dec 8.78 0.77 230.3 299 0.72 320

The annual primary production estimated in this way is

127gc/m2yr. Vollenweider (1965) has considered the effect of various

possible modifying factors on the value of F. His calculations sug

gest that the maximum conversion factors are higher (i.e. F's are

lower) by about 1.07 for the winter months, 1.31 for the summer

months and 1.21 during spring and autumn. The adjusted F factors are

listed in Table 3 as Fc ' together with the corresponding estimates

of the daily production. With this modification the annual pro

duction works out to be lS6gC/m 2yr.

We can estimate then that the annual production by the phyto-

plankton community in St. Margaret's Bay in 1967 was between 125
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and ISS gc/m2yr. The error of ~lO\ in the estimate is consistent

with the suggestion of Vollenweider (1965). Using the conversion

factor suggested above, that Ig carbon is equivalent to 13.3 K cal,

we can calculate that the energy produced by the phytoplankton

population was in the range 1. 7-2.0 x 10
6

cal/m
2
yr.

9. Phytoplankton Biomass

The seasonal variations in chlorophyll, particulate carbon and

particulate phosphorus at station A are shown in Figs. 9 J 10 and 11

respectively. The chlorophyll curve is dominated by the diatom peak

of the spring bloom. Prior to this, winter chlorophyll levels

averaged about 30 mg/m2 . At the height of the spring bloom chloro

phyll reached 342 mg/m 2 , Throughout the summer chlorophyll averaged

about 40 mg/m 2 . The maximum value obtained during the fall bloom

was 98 mg/m2 . In the vertical distribution of chlorophyll the

maximum was usually found at 10 m. The highest chlorophyll con

centration observed wasll.l mg/m
3

at 15 m on April 27.

The seasonal curve for particulate phosphorus is essentially

the same as that for chlorophyll although the peak corresponding to

the spring bloom is not so prominent. In winter particulate

phosphorus averaged about 5 mg-at/m 2 . The maximum value for the

13.1 mg-at/m
2 was reached May l. During theyear, on summer

particulate phosphorus averaged about 8.5 mg-at/m2 . In the vertical

distribution of particulate phosphate the maximum was found at 55 m

during the winter months. However, after the phytoplankton popu-

lation began to increase in late April the peak was found in the

surface layer (0-10 m); this was the case for the rest of the year.
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The agreement between chlorophyll and particulate phosphate over

the whole year was good (r : 0.57; 49 d.f.), This much cannot be

said for the particulate carbon measurement. The correlation ca-

efficient between chlorophyll and particulate carhon taken over the

whole year was r = 0.06 (48 d.f.). The most striking difference

between the curve for carbon and those for chlorophyll and phosphorus

is that in the carbon curve the spring bloom does not stand out as

a dominant feature; the picture is rather one of a steadily increas

ing biomass with a peak of 2S g c m- 2 in mid-June.

10. 2ooplankton

In this section we discuss the seasonal variation of the St.

Margaret's Bay zooplankton; its biomass, calorific value and species

composition. The data is based on samples from metered vertical tows

made with a 0.5 m diameter 366~ net and describes only those animals

vulnerable to such a net. On each sampling day, five replicate tows

were made and the catch pooled and frozen for chemical analys is.

The seasonal variation in zooplankton biomass is shown in Fig. 12.

During the winter the biomass was fairly constant at about 30 mg dry

wt/m 3 . The high value of 120 mg/m 3 on April 6 was associated with a

swarm of ctenophores (Pl.eurobrachia piteus). In April the biomass

increased to - 60 mg/m and was susta1ned at about this level for

most of May. There was a pronounced decrease in late May to about

10 mg/m 3. During the months of June. July and August the biomass

varied b~tween 60 and 90 mg/m 3. At the end of August a steady

decline in zooplankton biomass began; in December the biomass was

20 mg/m 3• Slightly lower than during the previous winter. Fig. 12

also shows the seasonal variation in the biomass expressed as ash-

free dry weight.
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Fig. 13 shows the seasonal variation in carbon content and

calorific value of zooplankton. The correlation between the two

measurements is highly significant (r: 0.94, 21 d.f.). Fig. 14.

The most striking feature of this figure is the five-fold variation

through the year in the calorific value of the zooplankton expressed

as calories per unit dry weight. The amount of variation could

be reduced to about three-fold by expressing the calorific value

as calories per unit ash-free dry weight but this would be mislead-

ing since carnivores ingest bulk tissue. not ash-free tissue. The

calorific value of the zooplankton declined steadily through the

winter from 2760 cal/g dry weight in January to 750 cal/g dry weight

in early April. There was a peak in late May and a second, higher

peak in October. The data on calorific value. carbon content and

ash content are presented in Table 4. On the basis of this data we

can establish regression equations which would allow us to predict

the calorific value of St. Margaret's Bay zooplankton if a simpler

measurement such as \; carbon or % ash were made. These equations are

listed below.

Cal/g dry wt. -227 + 152 x (\ carbon)

Correlation
Coefficient

+0.94

n.d.f.

21

Cal/g dry wt .• 4662 58.5 x (\ ash) -0.95 16

Cal/g ash free dry wt. = 1724 + 114 (\ carbon) +0.81 16

\; carbon • 31.98 - 0.358 x (\ ash) -0.93 39

If both the carbon and\; ash are known. the best estimate

of calorific value can be made from the following multiple regres-

sion equation:
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Ca1/g dTY wt. = 1351 + 106 x (\ caTbon) - 21.2 x (\ ash)

The multiple correlation coefficient is 0.98 (16 d.f.); the

standard error of the estimate is 253 cal.

The species composition of these samples has been studied by

Dr. O. Faber and the Canadian Oceanographic Identification Centre.

A complete species list is given in Appendix 2. The proportion of

the dominant groups, as of the total number of individuals in the

sample. is given in Table S. The samples represent approximately

8.5 m3 of water. In terms of numbers of individualS, calanoid

copepods were the dominant group at all times of the year. Cteno-

phores represented more than 1\ of the sample between January and

May only. Chaetognaths were similarly distributed, although they

constituted more· than 11 of the sample for a short period in July.

Medusae were most abundant in June and July. Cladocera were

entirely absent before mid-June and disappeared in October, but

formed a substantial fraction of the biomass during this period.
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Table 4 Calorific value and carbon content of zooplankton.

Ash free Calories Calories Calories
Dry we~ght Carbon Carbon Ash dry wt. gm/dry gml ash gm

ate mg/m mg/m 3 , , mg/m3 wt. free carbon

61 1 30.0 7. 35 24.5
51 2 28.2 5.69 20.17 2763 13698
71 "I 29.6 3.83 12.93 2327 17996
71 3 30.6 2.54 8.3 1516 18265
91 3 29.7 2.47 8.32 1602 19302
71 3 23.3 2.99 12.8 1622 12671
1/ 4 14.4
31 4 23.0
61 4 119.0
01 4 44.68 3.62 8.01 54.21 20.46 752 1642 9388
31 4 18.78 2.36 12.59 58.49 7.80
71 4 32.85 3.01 9.17 62.89 12.19
11 4 25.91 1. 82 7.03 68.57 8.14
41 4 22.01 1. 86 8.47 64.88 7.73
71 4 56.45 6.43 11.39 60.96 22. 04 1207 3091 10597
11 5 19.85 3.63 18.28 46.48 10.62
41 5 50.68 5.93 11. 71 60.83 19.83
11 5 46.75 5.43 11. 61 48.44 24.10 1209 2345 10413
5/5 35.95 6.36 17.69 50.30 17.87 2400 4829 13566
81 5 57.95 9.70 16.73 49.17 29.46
31 5 25.33 3.26 12.88 39.17 15.41 2507 4121 19464
51 5 23.73 5.08 21. 40 42.18 13.72
91 5 8.92 1. 48 16.57 47.75 4.66 2063 3948 12450
11 6 41. 44 8.32 20.08 43.42 23.45
51 6 69.30 7.37 10.63 54.48 31.54 1255 2757 11806
81 6 44.71 5.34 11.94 56.36 19.51

121 6 65.92 6.53 9.91 59.44 26.75
15/ 6 40.28 4.90 12.17 55.25 18.02
181 6 45.71 6.62 14.48 56.09 20.07 1625 3700 11222

3/7 91. 86 9.87 10.75 59.61 37.02 1164 2882 10827
101 7 71.14 5.98 8.41 62.96 26.96
171 7 63.77 5.09 7.98 65.22 22 .13 858 2466 10751
241 7 53.96 3.99 7.39 66.21 18.18
311 7 59.81 5.05 8.44 64.84 20.99 771 2193 9135

71 8 72.91 7.25 9.94 61. 99 27.43
141 8 64.33 6.59 10.24 56.68 27.85 1241 2865 12119
211 8 72.31 6.81 9.42 51. 07 35.36
281 8 75.82 6.91 9.11 63.11 27.90 798 2163 8759
5/9 59.12 8.30 14.04 54.19 27.08

11/ 9 34.77 4.68 13.74 46.66 18.60 2099 3920 15276
181 9 41. 83 7.85 18.77 30.25 29.16

2/10 24.90 4.90 19.66 22 .09 19.40
10/10 36.13 9.86 27.28 4.33 34.54 4055 4238 14864
16/10 30.28 8.35 27.59 15.67 25.53
23/10 26.51 7.71 29.08 2.72 25.77 4259 4378 14645
30/10 18.48 6.03 32.61 5.20 17.52

6/11 22.85 7.18 31.44 21. 20 18.00 4193 5321 13336
8/12 19.84 2. S2 12.72 55.17 8.89 1903 4245 14960



- 31

Table 5 Seasonal variation in species composition of zooplankton.

, , Total No
Calanoid , , , Cteno- of Animals

Date Copepods Cladocera Chaetognaths Medusae phares in Sample

16/ 1 94.5 1. 82 1. 01 8489
15/ 2 93.6 1. 83 2.04 5374

7/ 3 96.1 5361
17/ 3 92.3 5.54 2.48 1409
19/ 3 76.9 13.5 3.6 416
22/ 3 92.4 4.3 0.9 2100
27/ 3 75.7 8.19 6.72 342
1/ 4 83.9 11. 7 1.5 2.4 763
3/ 4 60.6 17.97 10.88 479
6/4 25.9 20.8 2.8 27.4 212

10/4 43.45 15.21 1. 88 8.22 427
13/ 4 64.3 2.90 2.68 10.94 448
17/ 4 63.6 7.60 15.20 291
19/ 4 59.7 13.9 1. 27 6.64 236
21/ 4 67.7 10.8 1.9 6.3 158
24/ 4 82.28 4.84 1. 21 4.11 413
27/ 4 82.89 4.73 2.18 1096
1/ 5 88.1 4.0 1.3 1112
4/ 5 79.9 5.7 4.0 672

11/ 5 75.46 2846
15/ 5 72 .86 1. 28 4837
18/ 5 93.0 4646
23/ 5 69.17 1. 02 5286
25/ 5 94.7 1.2 3378
29/ 5 90.69 1. 83 2294
1/ 6 90.2 3.5 4370
5. 6 87.0 5.0 3565
8/ 6 92 .15 2.97 5161

12/ 6 91. 9 3.1 3850
15/6 81.6 10.66 5196
18/6 88.7 9.5 4218

3/7 81. 4 6.2 4.7 9486
10/ 7 82.16 9.59 1. 23 4.8 1. 20 6336
17/ 7 76.45 9.09 10.44 7194
24/7 60.04 18.97 14.81 4.84 1633
31/ 7 61.20 36.6 1. 02 8358

7/ 8 76.5 15.6 1.0 2.3 3.1 4314
14/ 8 69.74 25.45 1. 37 4245
21/ 8 84.4 10.2 1.8 1.4 1.5 2358
28/ 8 64.0 32.0 1.0 3066

5/ 9 68.55 21. 44 1. 21 14514
11/ 9 78.87 8.16 17940
18/ 9 57.20 37.73 1. 04 22015

2/10 86.4 1.7 2.2 10194
10/10 90.95 1. 29 23651
16/10 88.87 4.42 1. 36 12540
23/10 94.30 1. 03 5908
30/10 94.94 12898
6/11 86.78 1. 40 18140
8/12 92 .02 6172

No entry is made if representation of g TOUp is less than 1\
of total sample.
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II Autumn Bloom Survey

Data in this section comprise the results of weekly sampling

at nine stations for chlorophyll, inorganic phosphate and nitrate

between October 3 and November 8, 1967. The data are listed in

Appendix 3. The locations of the nine stations are shown in Fig.

IS. The £i rst point that emerges from the data is that there are

significant differences between stations within St. Margaret's Bay.

For example we may consider the between station variability for

chlorophyll data. We have calculated the coefficients of variation

between the nine stations for each of the five weeks for each of

the following depths; 1m, Sm, 10m, 15m. Coefficients of variation

range from 10% to 124% with a mean of 39%. The area occupied by

the nine stations is about 13 square miles. The variability was

greatest apparently at Sm (mean z 45'), but this includes the

effect of an unreasonably high value at station 4 in week one. In

reality the greatest variability was probably at 10m (42') compared

with 30' at surface and 37' at 15m.

In spite of the variability between stations the time trends

at each station are in good agreement. Fig. 16 shows that the

changes in chlorophyll followed essentially the same pattern at all

nine stations. The agreement is especially good for the first three

sampling periods. During week four the spread is rather high and

between the fourth and fifth sampling period there was an increase

in chlorophyll at Stations 3, 6 and 8 against the general trend of

decreasing chlorophyll. The consistency in these results lends some

support to the argument that measurements at one fixed station can

be considered as representative in some \"ay of the conditions in St.

~Iargaret 's Bay and gives further confidence in the serial data
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obtained at station A (station A is represented a5 station 9 in

this section). As far as any generaliz.ation can be made about the

spatial distribution of the measured variables, we can say that

concentration of chlorophyll and nutrients tended to be higher to

the north and west of the bay and lower to the south and east.
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III Scotian Shelf

The data presented in this section comprise the results of

two cruises on the Scotian Shelf; the first by CNAV SACKVILLE

May 2 - May 17,1967 (CODC I 01-67-003), the second by RV E. E.

PRINCE September 7 - September 8, 1967 (CODC I 01-67-005). Chief

scientist on both of these cruises was Dr. R. J. Conover. Station

positions are shown in Fig. 1. Temperature and salinity data can

be obtained from CODe data report; the rest of the data are listed

in Appendix 4. Referring to the line of stations Ll through L7,

in May there was little change in conditions in the euphotic zone

as one progressed from the inshore to the offshore end of the

section. In September J however J there was a sharp change in con-

ditions between Station L4 and L5. On the inshore side we found

surface layer chlorophylls ~O.B mg/m
3

, silicates ~S mg-at/m
3

,

phosphates '\.0.4 mg-at/m 3 and nitrates "'0.5 mg-at/m
3

j on the offshore

side we found chlorophylls ~ 0.4 mg/m3 ,silicates ",2 mg-at/m
3

,

phosphates ",0.2 mg-at/m 3 and nitrates ",0.1 mg-at/m
3

. We can make

the generalization that in May the water mass inside St. Margaret's

Bay was representative of the water outside on the Shelf, whereas in

early September the water inside the bay was different in character

from the water outside. These remarks are in agreement with the

unpublished data of Dr. Conover on the zooplankton samples taken on

these cruises.

Stations Dl to DB were occupied in connection with a parachute

drogue study. The drogue was set at 10 m. A station was made every

day from May 10 to May 17. It is of interest to note the zone of low

oxygen content found below SO m on stations DS to DB. The water in

this zone was about 701 saturated with respect to oxygen; nitrates
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were about 10 mg-at/m 3 , inorganic phosphates about 1.1 mg-at/m
3

.

The temperature was about 4°C.
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DISCUSSION

1. Hydrography

The most important feature of the hydrography of St. Margaretls

Bay, as observed in 1967, was the potentiality to exchange water

with areas outside the bay. Thus, in the space of seven days at the

end of August, the surface temperature was reduced from lS.6°C to

6.9°C, the surface salinity was increased from 29.36%0 to 31.26%0

and the thermocline was destroyed (Fig. 2). By September 11 the

surface temperature had recovered only a.goC but in the next 14 days

the temperature increased to 14.6°C and the surface layer was 36 m

thick.

We suggest that the changes described above were due to upwell

ing along the coast caused by offshore winds set in the westerly to

southwesterly direction throughout most of the month of August

(Table 6). This is an example of the type described by Sverdrup,

Johnson and Flemming (1942, p. 501). In their example the wind

blows parallel to the coast with the coast on the left. In the'

Northern Hemisphere surface water is deflected to the right of the

wind and light surface water is transported away from the coast,

causing upwelling of cold, dense subsurface water along the coast.

By September 11 the period of sustained westerly winds was

over and for the next 14 days the winds were mainly from the northerly

to easterly quadrant. The system was now unstable, with cold,

dense water against the coast and warm, lighter water offshore;

further, with the wind blowing parallel to the coast with the coast

on the right, the resultant force would tend to push surface water

against the coast. There were thus two complementary forces acting;

the result was an incursion of warm, offshore surface water into the
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Wind direction observations at Sable Island Station, 1200 h GMT, between August
and November 1967.

Date Oi rection Date Di rection Date Direction Date Oi rection

Aug. 1 SW Sept. 1 W Oct. 1 S Nov. 1 SE
2 W 2 SE 2 W 2 SE
3 S 3 SW 3 NW 3 SE
4 S 4 S 4 W 4 S
5 SW 5 W 5 W 5 SW
6 S 6 SW 6 N 6 W
7 SW 7 NW 7 N 7 N
8 S 8 NW 8 W 8 SE
9 SE 9 SW 9 W 9 W

10 SW 10 S 10 S 10
11 SW 11 N 11 S 11
12 SW 12 NE 12 W 12
13 NE 13 NE 13 NW 13
14 E 14 E 14 NE 14
15 W 15 E 15 NE 15
16 W 16 NE 16 N 16 '"17 W 17 NW 17 SW 17 ....
18 W 18 SW 18 S 18
19 SW 19 SW 19 S 19
20 SW 20 NE 20 SW 20
Z1 SW 21 SE 21 W 21
ZZ W 22 SE 22 S 22
23 W 23 SE 23 NW 23
24 NW 24 SE 24 W 24
25 W 25 SW 25 W 25
26 SW 26 NW 26 SE 26
27 S 27 W 27 W 27
28 SW 28 W 28 Calm 28
29 SW 29 SW 29 S 29
30 SW 30 SW 30 NE 30
31 SW 31 NE

These data were provided by the Department of Transport, at the Halifax
International Airport.
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bay and a corresponding rise in surface temperature.

Further incursions of warm water occurred in October and

November. As late as November 6 the surface layer was more than

30 m thick and the temperature was 11°e. Year to year variations

in the extent of water replacement could be of direct importance

in the timing of the winter cooling of St. Margaret's Bay.

Hachey (1956) has discussed the significance of water replace-

ments to fisheries with particular reference to the Scotian Shelf.

It is obvious that water exchange must have far-reaching effects

on St. Margaret's Bay as an ecosystem.

2. Nutrients

The formation of a subsurface oxygen maximum during the summer

months is of some interest. Similar summer subsurface oxygen maxima

have been documented (Redfield, 1948, for the Gulf of Maine; Reid,

1962. for the California current, Pytkowicz. 1964. off the Oregon

Coast). The mechanism proposed by Pytkowicz (1964) is that as the

surface water warms up and becomes supersaturated with oxygen, oxygen

from the layer above the thermocline is lost to the atmosphere by

diffusion; the exchange at the interface is greater than the photo

synthesised oxygen such that there is a net loss of oxygen from the

surface layer. Reid (1964) considered that formation of a summer

oxygen maximum was influenced by seasonal variation of surface

temperatur~ and that the effect of photosynthesis was minimal.

Redfielp (1948) concluded that in the Gulf of Maine. variation in

dissolved oxygen was controlled by temperature; the effect of primary

production was ~nly important at the period of minimum temperature.

At the end of the spring bloom the quantity of silicate in the

water column had been reduced to about 150 mg-at/m 2 . The reduction
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was not confined to the surface waters; the silicate concentration

at depth was decreasing as a result of vertical mixing. Thus, the

bottom silicate decreased from 10 mg-at/m 3 on April 24 to 3 mg-at/m 2

on May 15. However, there was a rapid recovery in the level of dis-

solved silicate at the bottom. MacKenzie and Garrels (1965) have

shown that silicate minerals quickly release silicate to seawater.

Samples of aluminosilicate minerals weighing 1 g were suspended in

200 mls seawater. After six months concentrations of from 30 - 300

mg-at/m 3 dissolved silicate were produced. Amounts equal to or

greater than half the final values were released within 10 days. We

can expect that a similar mechanism exists at the sediment-water

interface in St. Margaret's Bay.

There was also a tendency for the inol'ganic phosphate at bot

tom to be buffered. Most measurements throughout the year fell into

the range 0.7 - 0.9 mg-at/m 3 , These observations are similar to

those of Ewins and Spencer (1967), for the Menai Straits. They

quote the Pomeroy, Smith and Grant (1965) who showed that the

phosphate concentration of sea water can be buffered through sorption

reactions at the sediment-water interface.

Dissolved organic phosphate varied from 3\ to 42\ of the total

dissolved phosphate. Before the plankton bloom the fraction

averaged 10.6\. There was an increase from 10.5\ to 22.1% in t""o

days coincident with the onset of the spring bloom, presumably due

to excretion by phytoplankton. During the summer months dissolved

organic phosphate averaged 29% of the total dissolved. In the

Menai Straits, Ewins and Spencer (1967) found a winter average of

28\ and a summer average of 45\.
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The values of inorganic nutrients measured at station A are

in general relatively low for inshore water ~"f.Raymont, 1963).

Pratt (1965) has summarised the data on the limitation of diatom

blooms by inorganic nutrients. Estimates of the phosphate con-

centratian below which phosphate limits phytoplankton production

range from 0.40 mg-at/m 3 (Steele, 1958) to 0.55 mg-at/m 2 (Ketchum,

1939). Surface layer phosphates were considerably below this

limit at the end of the spring bloom and for most of the summer.

Surface layer nitrates were also low at station A during the

summer « 1 mg-at/m 3) but it is probably that considerable amounts

of nitrogen were available as ammonia during this period. Pratt

(1965) considered that the winter-spring diatom flowering in

Narragansett Bay is limited by the concentration of nitrate and

silicate. Ammonia was not measured. Silicate is undetectable dur-

ing most of the winter and spring in Narragansett Bay. There is

little data available on limiting concentration of silicate for

marine phytoplankton. Lund (1950) gives 8.3 mg-at/m3 as the silicate

concentration limiting growth of Asterionella formosa in the

English Lake District. Jorgensen (1953) observed cessation of cell

division in diatom cultures at silicate concentrations of 1.0 

1.4 mg-at/m 3 . It is unlikely that phytoplankton growth in St.

Margaret's Bay was limited by silicate. At the end of the spring

bloom, surface layer silicates were about - 5 mg_at/m 3 . Primary

production was sustained at a fairly high level throughout the sum-

mer, suggesting that the phytoplankton popUlation was not undUly

affected by the generally low nutrient levels at that time. There

is a need for a revision of the estimates of limiting nutrient

levels for natural populations of the dominant phytoplankton species.
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Cushing and and Tungate (1963) have already provided evidence that

formerly accepted levels are too high.

The quantity of inorganic nutrients in the water column was

subject to wide fluctuations during September and October coincident

with the alternate upwelling of cold water and incursion of warm

water. This is evident from the graphs of the seasonal variations

in the integrated nutrient values. In general the upwelled water

was nutrient rich and the warm offshore water was relatively poor

in nutrients. The lowest values of phosphate nitrate and silicate

measured during the whole year were found on September 2S in water

newly carried into the bay from offshore.

3. Primary Production and Phytoplankton Biomass

The annual cycle of primary production at station A as observed

in 1967 differs in some respects from the classic type for temperate

latitudes (cf Raymont. 1963). It is usually found that the cycle

of production is strongly bimodal with a dominant peak in spring,

a smaller peak in the autumn and little production at other times.

In St. Margaret's Bay the annual production was spread more evenly

throughout the year. The highest production was observed in the

spring, but after an initial drop in May was sustained at a rela-

tively high level until November. Indeed, the monthly averages for

primary production listed in Table 3 show a maximum in November, but

the November average is based on only one observation on an unusually

clear day. In spite of this qualitative difference in the annual

cycle of production, the estimated annual production, between 125 and

150 gc/m 2yr, is consistent with measurements in other areas at about
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latitude 45°N (e.g. Raymont, 1963). It is probable that daily

estimates of production measured at station A do not always reflect

the total areal primary production of the Bay; in the summer it is

not uncommon for one half of the Bay to be fogged in while the other

half enjoys bright sunshine.

was

The average value for production per unit incident radiation

4.58 x 10- 4 (mgC/m 2 .hr)/(cal/m2 .hr); that is the primary pro-

duction per unit area of sea surface was 0.61\ of the incident

surface radiation. Considering the summer months only, the average

was 0.77\. Patten (1961) obtained 0.88\ for the waters of Raritan

Bay during the summer months (June-August) of 1959.

The production per unit incident radiation had a coefficient

of variation of 71\ over the year. Production per unit incident

radiation per unit biomass had a coefficient of variation of 104\.

The heterogeneity was increased, rather than decreased when the

production was normalised with respect to the biomass. This sug-

gests that the relative photosynthetic response was quite vari~ble

as the species succession progressed and the physiological state of

the population changed.

The values of production per unit biomass were higher in the

summer than in the spring (Table 2), while the nutrient levels were

generally lower. There was an increase in the size of the zoop~ankton

population after the spring bloom of phytoplankton and the zooplankton

biomass was maintained at a relatively high level throughout the

summer. The implication is that it was primarily grazing that con-

trolled the phytoplankton biomass; low nutrients apparently had little

limiting effect judging by the higher production efficiencies. There
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is a suggestion that as the grazing pressure became more intense,

with increasing zooplankton biomass, the low efficiency spring

phytoplankton population was replaced by a faster turning over

summer population.

The correlation between chlorophyll and particulate phosphorus

measurements was highly significant. That between chlorophyll and

particulate carbon was not significant. The Tole of detrital carbon

is undetermined. It is obvious that a simple conversion factor can

not be deduced to relate particulate carbon to chlorophyll data.

Steele and Baird (1961, 1962) have discussed the relations between

carbon and chlorophyll in British waters; they have shown that the

carbon: chlorophyll ratio is variable both seasonally and geo

graphically. It is clear that particulate carbon is not necessarily

a good estimate of phytoplankton biomass. It remains to be seen

which measurement is the better estimate of the food available at

the second trophic level; in other words what fraction of the organic

carbon present can be used by the herbivorous zooplankton. A

detailed analysis of the relations between chlorophyll, particulate

carbon and particulate phosphorus will be presented in a later paper.

4. Zooplankton

The seasonal variations in the calorific value and species

composition of zooplankton are shown in Tables 4 and s. The gradual

decline in calorific value in the early part of the year was as

sociated with a decrease in the representation of calanoids in the

plankton and an increase in the proportion of ctenophores and

chaetognaths. It is likely that this effect was confounded with a

decrease in the calorific value of the copepods themselves as they
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depleted their fat reserves. The peak in calorific value in late

May was associated with the post spring-bloom increase in

Pseudocalanu8 minutu8 and Calanus finmarchicu8 and a decline in the

importance of ctenophores and chaetognaths. The calorific value of

the total zooplankton dropped in late June as the medusae became

more important. It is more difficult to account for the generally

low calorific value during the rest of the summer. The zooplankton

was dominated by copepods and cladocera. Ostapenya and Sergeev

(1963) state that the caloric content of the cladocera of the Sea

of Okhotsk is exceptionally high (up to 8.4 Kcall grn ash free dry

wt.) on account of their high fat content. Presumably the low

calorific values observed during the summer in St. Margaret I S Bay

reflect a low calorific value of the copepods. probably because of

a low fat content. Ostapenya & Sergeev (1963) maintain that it is

variation in fat content that is most important in controlling the

calorific value of animals. The gradual increase in carbon content

of the plankton beginning in September is probably due to laying

down of fat reserves by copepods for the winter. This process was

complete by November. The general trend through the year of the

caloric content of copepods implied by these data is not inconsistent

with the observations of Orr (1934) on the seasonal variations in

fat content of Calanua finmal'chicua. Comita. Marshall and Orr (1966)

have studied the seasonal change in weight, calorific value and

organic matter of Calanua finmal'chicua. They found peaks in calorific

value during spring of two consecutive years as expected. but in ad

dition found an unexpected peak in late autumn and Winter. These

results are very similar to the data from St. ~fargaret's Bay.
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Ostapenya and Sergeev (1963) find that the average caloric

content of various aquatic invertebrates is 5.6 Kcal/g ash free dry

weight, when calculculated from the chemical composition of the

animals. The average for the total zooplankton of St. Margaret's

Bay, taken over the whole year and measured by direct calorimetry

is 3.4 Kcal/g ash free dry weight. about 60\ of the Russian value.

The values of zooplankton biomass, given as gC/m 3 should be

considered minimal estimates, since our data describes only those

animals vulnerable to a vertical tow made by a 0.5 m diameter, 366~

mesh net, and takes no account of those more motile animals that

would be vulnerable to a higher speed sampler.

S. Variability

The data collected at nine stations during October gives some

support to the argument that measurements at a fixed station can be

considered as representative in some '.... ay of conditions in St.

~1aTgaret's Bay.

The double peak in the chlorophyll curve of Fig. 16 is pro

bably a reflection of instability of the water masses on the Shelf

at that time rather than a representation of the situation that

would have developed given the initial conditions at week one and

dynamic stability for the next four weeks. Thus. the chlorophyll

values are higher in the colder water present during weeks two and

four and lower in the warmer water present during weeks one. three

and five. The occurrence and possible cause of the alternate up-

welling of cold water and incursion of warm water during the fall

of 1967 has been discussed in a previous section.

A sampling interval of one week is too long for the resolution 1
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in time of the differential progress of events within the bay. If

such a program is undertaken again~ it would be preferable to adopt

a shoTter sampling interval and to choose a time of year when

there was a better chance of finding stable conditions in the bay.

The data presented in this section will be discussed in detail in a

later paper on heterogenity in St. Margaret's Bay.
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APPENDIX I Serial Data, Station A

In this section we list the data collected at Station A

during 1967. The error of the integral is twice the standard

deviation of the integral evaluated as described on page 10.
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nATE 161 l/t)7

DEp"H TEl1P .. SALINITV OXYGEN NIT~ATE AMMONIA

METRES OEG.C vlOO G-A T II"n HG-AT/HJ M!.i-AT/HJ

I 3.0 .10. I 73 0.08 2.60 0.26

5 J.3 30.406 O.Hfi 2.12 0.33

10 .1.8 .10.762 o .oJ 2.Srl 0.33

15 .l.R 30.830 0.ts5 2.M3 O.3~

25 3.R 30.918 c.tiS 3.43 0.37

00 0.5 J I .. 07~ O.nl 3.80 0030

53 Ii.A .11 .. 422 0.56 5ol6 \>.41:'

I NTEGqAl 1101.491 (92.MO 19.30

ERROR 0.116 8.62 0.10

DEPTH SILICATE I NO~G .. PHQS TQTA.L PHOS OIS.ORG.PHOS PAl-H .IJHQ5

METRES HG-A r /11.1 MG-AT/H3 HG-;\T/Ml HG-AT/HJ MG-411M3
I 9.12 0.54 0.6 I 0.01 0.081

5 8.42 0.48 0.69 0.21 0.090

10 8.60 C.50 0.59 0.09 0.081

15 4.36 O.~5 0.10 0.15 0.0/9

25 6.62 0.51 0.68 0.17 0.009
00 7.26 0.55 0.66 O. I I 0.053

53 I I .91 0.82 Q.K6 0.00 O. 105

INTEGRAL 422.02 31 .. IS 3K.02 6.tH 3.ti~5

ERROR I q.3 I I .. 33 I .. fi2 0.32 0.v62

OEPTH CHLOROPHYLL PHAEOPHYTIN PART.CAR>\ON "'HODUCT I ON SURF.WAON
MET~ES HG/MJ MG/MJ GC/M.l M(JC/M1/HR 0/0

I I.Ob O·OC O.OA I tH.6

5 l.(.,f, O.'J!J o. 116 ~ I .. 1

10 ':. .. 67 0.00 o. 131 26.1
15 0.63 0.0:' O. I 16 I J. 8
25 0.2S 0_0':' a.ORI 3.1

00 0.21 o. ,j;';' 0.210 0.5

53 (;.~6 0·0) 0.052 O. I
INTEGRAL 2n.6u O·()v 6.935
ER~OR 1.65 (, • .j\.l O. I ij3

ZOOPL4/1l",rUN DRY wT 30.0 HG/11J
EXTINCTION CO[FF 0.1.12 1M
INCIDENT ~AOIATION
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0.0. 11:. 151 2/b1

DEPT'.. lEf1P. SAL IN' T Y OX VG~N NIT~ATE AMI10N I A

M(TI;(S UEr; .C vIvO G-A UN \ Ml'i-I\ rIM) MG-AT/M3

I I.' ,l,J. C\h':' O.7/J j.8S (). 1.3, I.' 30.d~9 O. II!; II. I d ). I j

10 I • .1 .'l(-.fiJi ij O.lu Ij.Sd J. I b

15 1 ••1 .lv.lib" O. III Q.75 f). I J

25 1 • .1 3"':o,ng 0.1.3 Sou.,) (J.II

Oc I.' .l.~.l1fU 0.12 3.9::> O. I J

53 I.' .1') .R79 O.7/J ... 27 0.13

I NH.. r.RAL 16lJli.27(, 2/12. Y7 7. I ~

I::RRQR v. 116 10·38 f).2-'

DEI-' 11--1 SIL1CArE IrW~G .PHO::' TOTAL ""H')S DIS.lIRG • .,HlIS PAtH .,",HOS

ME' k(S MG-Il,T/f11 "1G-AT/f'iJ ;1(;-A. r 1M 1 Hr,-AT//'13 MG-AT/MJ

I R.72 u.ti{) U.71l '-I. II" 0.0.3

5 1'\.89 r').5H 0.71 O. I 3 O.OY I

10 6.1 (.I (,ofi6 0.70 0.1 Q 0.092

15 Ii.H) ).n" 0.11 (.' .07 J.O.5

2' q .qq -.;.65 O.O<:) 0·04 O.Cit:J9

00 11.1\.1 0.67 O. fiR 0.0 I :J .092

53 KoRol (j.fi~ O.tiH t,.03 O. 107

I NTE~qAL 423.41) 3';-h~S 311. liS 2."J ::..0::.5

EWRuR I otl. 611. 1.53 1002 (J.IZ 0.01:'6

DEPTH r.HLUROPHYLL PHAEI)I-'HYTIN PA,RT .C"qdON IJHOIHJC T I O"J 5URF'.HAQN

MET~€S 11G/M3 11r./M.) GC/M.1 Mr;C/MJ/HI~ 010

I v.';3 0.00 o. I 22 :lO.t'

, ;,. 7 .,).0.) 0.093 ~9.2

10 0 ...... 7 o.\)v 0.0-12 l4.2

15 ..:.. . ...: ... .....OJ 0.012 I I • g

25 v.n? ~.UO I). 171 2."

'0 (; .... ;;. 0.00 O. 1:12 J.3

53 0. j.} v.oo a. O'~2 :).1

I NTl:.f'I-lAL J I. So 0.00 fi.7S2

ERHOq 2. 17 v.ao o. 127

lOO~LANI<;TUI~ ORY ~T 2R.:l MG/r1J

EXT !.'l/CT I ON COEFF C. I 1f2 '"INC10ENT HAOIATION
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DATE 71 3/61

DEPTH TEfolD. S~L1NITY OXYGEN NITRATE AMMONIA

MET"ES OEG .C 0/00 6-1\1/"1) MG-A,TtH] MG-AT 1113, 0.0 ]O.72li 0.77 fl.65 0.07

~ 0.2 30.HeO 0.17 5.0 I 0.09

'0 0.5 .1'1.918 0.71 4.9S O. '8

'" 0 •• J 1.162 0.15 U.S8 0.2<

25 , .0 J 1.475 1).1 J 5.58 O.2Q

<0 ,.< 'll • 11 J 0.11 6.65 0.30

53 I. < 31.171 0.69 1.05 0.26
I r-.lTEc;RAL 17IH.f4JO J lti. 15 12.17
ERROR ;Jo I 17 I q .20 0.55

OEPTH SILICATE 1NU..tG.PHQS TQTA.L PHOS DIS.ORG.PHOS PtIoRT.PHOS
METRES MG-A,r/t1' MG-A,T/MJ MG-AT/N] Mr.-AT/N3 MG-AT/H], 9.59 0.57 0.13 0.16 0.090

5 g.A8 0.60 C.la O. III O. 101
, 0 9.70 0.60 0005 0.05 0.0 17

" 9.JO 0.11 0.71 O.OC O.OtsJ

25 9.70 C.08 0.71 0.09 0·070
<0 2.a4 tjo 19 0·. , 0.02 0.018
53 7.84 0.82 a.rill 0.02 O. 109

JNTEr.RAL 1108.27 39.25 li2. 17 2.92 11.600
ERROR 13.79 1.13 I.~n O. I q 0.016

DEPTH CHLOROPHYLL jolHAEOPHVTIN PAlH .CARRON I-'~UOUCT t ON SU~F.kADN

METRES 1'1G/M] MG/M] Geli'U MGC/MJ/H~ 0/0, 0.5< 0.31 o. I ~J !iH.S

5 0.67 0.32 o. I S9 :ttl.)

10 0.50 O.]J 0.121) 29.5
15 o. u6 0.37 O. IfiO '6.0
25 0.25 o. u',) o. I Ll6 <.7
<0 0033 0.22 0.' I fi 0.8
53 0.33 O.5~ 0.1.;8 0.2

INTEGRAL 2' .27 19.67 7.607
t:::RRUR 1.36 I. J5 0.127

ZOO~lANKTON DRY WT 29.6 MG/MJ
EXTINCTION COF.: F'"F o. 1.<:!:2 1M
INCIDENT HAOIATION



ss
0" TE 171 3/67

DEPTH TEMP. SALINITY OXYGEN NIH/ATE AMMONIA

METRES OEG.C 0/00 r.-A r 1M", MG-AT/Ml MG-AT/MJ

I 0·2 30.9btl 0.78 5.7S O.ijy

5 0.2 30.997 0.77 /1.69 O·J~

10 0.2 31.003 0.77 11.7 J 0.26

15 0.3 31.006 o. 1~ 5.60 O.Qb

25 0.- ol I. JSu 0.1.3 b. qq O.3~

_0 1.2 31. fi31 0.11 6.31 o. q I

53 I._ .'\ 1.640 o.tiM 5.75 (,1.35

INTEGRAL 1123.695 322.65 21.87

ERROR O. 118 14.34 (>.83

DEPTH SILICATE I NO~G. PHOS TOT AL ~Hf')S DIS.O'W.PHOS p,,~T .PHOS

METHES MG-AT 111.1 MG-A T IM.\ MG-A,T/M3 MG-A.T/MJ MG-6"T/t13

I 9.82 0.76 o. K1 O. I I O.OYI

5 9.A2 <).78 0.82 (j • 0 I~ O.Ot:l7

Ie 9 .94 v.7 I 0.78 0.07 o.OijO

15 9.9U ~. 7 t1 o. H7 O. I J O.Ot:lB

25 10.28 v.19 o.as 0.06 0.07 I

_0 10.75 Q.t:l9 o .M2 0.00 O.Ot:l2

53 I 1.00 0.85 0.85 0.00 o. 110

IN1EGR.t\L 510. IS qq.so /l1j.OO 2.55 1I.6bS

ERROI~ 19.65 j .95 l.lJfi 0.13 0.078

DEPTH CHLOROPHYLL I-'HAEOI-'HYTIN PART.CAR,,\ON I-'ROf)UCIION Sll~F".t(AON

MET~ES MG/M3 MG/M3 GC/'1.'\ MGC/M3/HR 010

I 0.38 0.)7 0.162 tt8.8

5 \) .5U o· ):, O. 103 55.2

10 v.31 O. I '\ 0.125 30.4

15 v. ilh 0.05 0.1 II 16.8

25 ,j • .lA ,).u) o. r24 ,.1

-0 0.29 0.011 o. I '\0 0.9

53 o. 2~ ,,).?1 O. I 17 ,~. 2

I NTEr'iRAL 13. ~ I ."\. Utl; 6.1<:;<:;

ERROR 1.·'\2 0.·'\ I 0.1 I 7

ZOOPLANKTON DRY w7 .10.d MG/MJ
EXTINCTION COE~F O. I I 9 111

INCIDENT RAlJIATION



S6 -
DATE I g/ .1/67

DEPTH TEMP. 51\L1 N lTV Ox YGEN NITRATE AMMONIA

ME r~ES OEr..C 0/00 6-I\T/'1] MG-AT/MJ MG-,Q,T/MJ

I -0.3 ole .OfJ4 0.13 4.42 0.3'

5 -0.2 .11.010 0.73 4.94 ).24

10 -(). I .11.100 0.12 .... 57 O.2ts

15 0.2 J 1.161 0.' I 5.\.)6 0.39

25 0·6 .11. u01 0.70 5.09 O.lts

'0 1.0 ]1.565 o.ti1 5.95 O.2ts

53 1.0 .1100 IJ 0.65 6.:)8 0.2.

INTEGRAL 112<;. ;\92 310.52 16.20

ERROR v. I I A 1).40 0.62

DEPTH :'ILICATE I NORG. PHOS· TOT AL PHOS DIS.ORG.PHOS PAl-l r. PHOS

METf.lES MG-I\T/M.l MC;-A'/M3 MG-A riM] MG-AT/MJ MG-AT/MJ
I 6. I 6 0.75 0.71 0.00 0.076, 9.82 0.89 O.YI 0.02 0.0"3

10 9.35 e.91 o .QU 0.03 0.014
15 8.95 1.00 0.92 0.00 ,).073

2' 9.6tl 0.75 0.71 0·00 0.01(1

00 6.68 1.32 1.60 O·2H O·QtsS

53 10.15 0.88 0.96 0.08 O. I 10
INTEGRAL u19.70 54.IS 58.VO 5.05 0.5",

ERROR 16.08 2.50 2.&1 C.42 0.018

DEPTH CHLOROPHYLL PHI\EOPHYTIN PAR1.CARRON PROOUC T I ON SURF .HADN

MET~ES MG/M3 MG/MJ (iC/H3 HGC/MJ/HR 0/0
I 0.0.2 0.00 O. I uR M8.~

5 0.61 0.00 001 1.1 Sij. I

10 0.1 f 0.00 0.218 29.2
15 o.S'l 0.00 0.150 15.8

25 0.25 O. 12 O.l.lG <.6
00 0033 0.00 o. I 49 0.7

53 0.25 0.03 O. I I!:J O. I
INTEGRAL 22.00 1.68 8.015
ERROR I. ioU 0.2' o. I 31

ZOOPLANKTUN DRY wT 2':h 7 MG/MJ
EXTINCTION COEFF 0.123 /M

INCIDENT ~AOIATION



57 -
DATE 22/ 3/61

DE~fH TEMP. SALINITY OX YGE~ NITRATE AI1MONIA

METRES OEG .C 0/00 G-AT/M.l Mr.-AT/H) MG-AT/H)'

I 0.1 31.()51 o.H '::1.32 O.SY, O. , ] 1.061 0.72 S.~9 0.30

10 0.2 J 1.015 0.1-' II .. liS O.2tS

" 0 •.' ] 1.088 O. 1'\ q .. 10 O. II

25 o.n J I .. I 21.l 0 .. 72 5.5~ O.II::S

00 1.0 .ll./no o. t;A fi.11 J. I ':l

53 1 •.1 J I .l:iC4 0.65 6.':13 0.5'

I NTE(;'U.L 1719.591 J I I .. 07 13.60

ERROR O. t 17 Ij.':lq 0.51

DEI-'TH SILICATF. I NO~G .. PtiOS TOTAL DHO$ QIS.ORG.PHOS PA,RT.PHOS

METto/ES Mr.-AT 1t1.' M(;-AI/M] Mr.-A r IM.1 MI;-A1/'13 MG-AT/MJ

I 10.23 () .. 77 1).11 0.00 0.072

5 g.Ut 0.77 O·Bu 0 .. 07 0.005

'0 9.30 v.. 711 O.dtl 0 .. I 0 0.078

15 Y.9u 0.80 O.8>) 0.00 0.335

2' 9.53 O. 7~ 0.H7 0.09 o.08Q

40 q.K8 0.$\7 o. Yo 0.03 0.093

53 I I .. 16 0.1.45 0.90 0.00 O. I 49

I NT[G~AL SUll.70 ll'::l. (Iv 48.b'i '.7" 7.0/0

EqRQR 18.55 1.96 2 .. 12 0.14 \) .. I 33

OEPT~ CHLOROPHYLL PHAEOjJHYTIN PAtH .CARr~ON PRODue T I ON Su~F'.HADN

HETNES MG/M3 MG/MJ GeNU MGC/M3/HR 0/0

I O.SO 0.00 O.I.lll M8.1l

5 0.50 0.00 o. 12~
sq. I

10 o. s~ 0.00 O.1711 2q.2

" o. q6 0.03 o. I 22 15.8

25 o .1l6 0.00 o. I 16 0.6

40 0.25 O.Ot.l O. 131 0.7

53 0.33 o.Oq o. I f>7 O. I

INTEGRAL 21.QO I. q8 I. ~27

ERROR I.'D o. IS O.12 11

ZOOPLA,NK TUIo.I DRY wT
EXTINCTION COEFF 0.123 /M

INCIDENT fotl\OIATION



58

DATE 271 3/67

DEPTH TEMP. SALINITY OXYGEN NITRATE AMMONIA
METRES OEG.C 0/00 G-Al/MJ MG-AT/MJ MG-AT/M3

I 0.6 .11.103 0.72 11 .. 18 0.33
5 0.6 J I -II J 0.1] 4.98 0.7"

10 0.- .11 .107 0.74 5.22 0.09
15 0.- 31 .. I 18 0 .. 74 5.50 O.2ts
25 0.3 J I .. 266 0.1.1 5.55 0.2-
_0 0.6 J I .. 423 0.09 6.04 0.411

53 0.9 31.579 0.66 6 .. I J 0.39
INTEGRAL 1121.255 30R .65 20.40
ERROR 0.118 13.5 I 0.8~

DEPTH SiLICATE I N04G .PHQS TOTAL PHQS OIS.ORG.PHOS P,,~l.lJHOS

METHES MG-AT/MJ MG-AT/M3 MG-AT/M3 MG-A T 1M3 MG-AT/M3
I 9.611 0.11 0.53 0.00 0.0 III
5 9.81 0.70 0."0 O. 10 0.070

10 10.11 0.66 0.71 0.11 0.073
15 9.Q9 0.13 0 .. 7S 0.02 0.073
2~ !;I.16 0.88 I .. 2Ll O. Jtj 0.014

'0 10.46 0.90 I.Ou 0.14 0.096
53 12.20 v.93 I .. 12 0019 001 32

INTEGRAL 569.02 45. S2 SlI .. 30 9.22 '.802
ERROQ 19.(14 2.02 2. q9 0.52 0.0"5

DEPTH CHLOROPHYLL PHAEOPHYTjN PARl.CARAON "'ROr)IJC T' ON SUQF .. HADN
MET~ES MG/MJ MI;/M3 lie/H] HGC/MJ/HR 0/0

I 0.63 O.OJ 0.183 0.568 "7.9
5 0.63 0· )0 0 .. 1311 0.'21 52.5

10 0.67 0.01 0.070 0.'27 27.5
IS 0.71 0.00 0.186 0.553 t q .. II
25 O. Un 0.0.\ 0 .. I jt~ 0.062 _.0

'0 0.29 0.08 0.180 0.00' 0.6
53 0.25 0.03 0.264 0.000 O. I

INTEGRAL 25.3- t .qs 8.977 10.649
ERROR 1.66 0.20 O. IfiO I.07Q

ZOOPLANKTON DRY wT 2.1.3 MG/M3
EXTINCTION COE" 0.129 1M
INCIDENT Io/AOI AT JON



S9

l)A H. 1/ Il/o 7

DEPTH TEI1P. SALlNITV OX YGEN NITRATE AMMON I A

ME TWES DEr..C 0/00 G-A,T/Ml MG-AT 1M3 MG-A,T/MJ

I 0.' 31.232 0.72 5.S" 0.20

" 0.5 ] 1_231 D.ll! 5.08 0.01

10 0.5 .11 .218 O.1u 5.16 O. I I

15 0. 0 31.271 O.7u .1.81 O. I ~

25 0.' J 1.322 0.71& 4.60 0.33

00 0.3 J 1.321 0.12 5.aS O.OY

53 0.3 .'\ I. ull7 0.71 6.2.'\ 0.11

I NTEGl-lAL 17l2.185 280.15 9.10

ERROR O. I I A 12.05 0.03

DEPTH SILICATE I NORG.PHOS TOT jl,L PHOS 01 5o.ORG .PHOS PAIH .PHOS

HE TRES MG-AT/MJ MG-IloT/M] HG-A,T/MJ Mf';-"T/MJ MG-A,T/H3

I 9.53 0.12 0.79 0.07 O. '00

5 9.A2 0.11 0.19 0.08 0.088

10 9.35 0.11 0.1:111 O. I 3 O.OtH

15 9.10 0.65 0.82 0.11 0.099

25 9.10 0.82 O.i::fU O. 12 0.085

40 10.28 0." 1.'.3 0.19 0.100

53 10.u6 0.19 0.91 0.12 0.103

INTEGQAL 546.32 qq .BI) 52.55 7.15 5.281

(WROR t8.18 2.03 2.Jg 0031 0.090

DEPTH CHLOIiOPHYLL PHAEOPHYTIN PART.CARRON ...~UOUC T I ON SUt-lF.kAON

ME TW( 50 MG/M3 Mr,/MJ GC/MJ MGC/M.)/HR 0/0

I CI.50 0.00 0.221 0.41)11 tH.?

" O. ::1,1 0.00 O.21l8 0.133 51.9

10 0.81 0.00 0.1.13 0.628 21.0

15 0.63 0.00 0.205 0.486 1£l.0

25 O.~6 0.09 O. 1)6 0.03" 3.8

00 0.29 0.11 0.U94 0.000 0.5

53 0.25 O. I A o. I 12 0.000 o. I

INTEGRAL 26.01 4.99 7.960 I 1.931

ERROR 1.7{) 0.50 O.12A 1.230

ZOOPLANKTUN DRY wT l/l.£l MG/M3

EXT INCT ION CDEI'F 0.131 m
INCIDENT RADIATiON



60 -
DATE 31 ti/67

DEPTH rEMP. 5AL1N!TY OX YGEN NITRATE AMMONIA
l'IETIolES DEG.C 0100 G-AT/M.) MG-AT/NJ MG-AT/MJ

I 1.8 J 1.013 O.7<l 5.2:4 0.01
5 1.1 31.163 O.1ti ti.lq Od3

10 1.1 31.258 a.111 ',J5 O.6~

15 1.0 31.251 0.7 J S.lIg 0.13
25 O.R l I .. 291 0.13 5.52 0·111

'0 C.8 .11 • .133 0.1.1 5.22 0.37

53 D•• J 1.356 0.72 4.70 I .. 2b

INTEG~AL 1720.592 219. Sl 22.30
ERROR O. I 17 12.21 1.05

DEPTH SILICATE I NOQG.PHO::i lQT6.L PH05 DIS.ORG.PHOS PA~T.PHOS

METRES MG-AT/MJ MG-AT/MJ MG-AT/H) MG-"1/"13 MG-AT/HJ
I 9.16 ~.6q O.7fi 0.01 0.100
5 9.35 0.60 0.80 0.20 0.090

10 9.10 0.11 0 .. 78 0.07 0.101
15 8.66 0.69 0.19 O. 10 O. 102
25 10.11 0.15 0 .. 86 O. II O. 102

'C 9,",0 1).94 Q.d 7 0.00 O.OYS
53 9.53 \j.77 0.98 0.21 0 .. 108

JNTEGRAL 522,70 q2.1(; titi.87 5.22 5.510
ERROR 17.90 1.93 2.02 0.25 0.083

DEPTH CHLOROPHYLL IJHJ\EOI-lHYTtN PART.CAR~ON I-'ROQUe T I ON SUHF' .HADN
ME THES MGtM) MG/M] GC/N] MaC/MJ/HR 010

I 0 .. 71 0.00 O. 106 I .. I B3 lH.4
5 0.63 0.00 O.311l 0.'29 50.9

10 0.71 0.00 0.169 0.£609 25.9
15 0 .. SO 0.00 0.106 0.260 13.2
25 0.116 0.00 0.212 0.060 3.'
'0 O.SO 0.00 0.133 0.0 I 5 0.5
53 0.38 0.05 O.OH6 0.000 O. I

INTEGRAL 28.26 o. "1 8.865 10.070
EI-fROR I. A7 0.06 0.157 0.837

ZOOPLANK Tor~ DRY wT 23.0 MG/M3
EXTINCTION COEFF Q.t35 1M
INCIOENT RA.DIA.TION



- 61 -
Oil, TE 61 4/67

UEPTH TEMP. SALINITV 01( YGEN NITRI\TE AMMONIA

Ht::H~ES OEG.C vlOC G-AT/M.1 t'1G-AT 1M3 Mu-AT/MJ

I 0.9 .11.065 O.7U .... 31 O.lJ

5 0.0 J 1.260 0.7J 4.15 0030

10 0.9 31.294 Oo"n 5.l:U 0.09

15 v.9 .11.29Q 0.73 5.71 0.01

25 0.9 :1 1.299 0·1.1 11.92 O.4b

40 0.9 .11 .306 0.12 u.811 O. 13

5J 0.0 .11.331 0.72 ti.tiu O.Ub

INTE.GRAL 1121).917 290."5 13.9~

ERROR I). I 11 12.22 O.6~

DEPTH SILICATE I ""ORG. PHOS TOTAL PHQ5 01 S.ORG .PHQS PART.PHQS

HE TWES MG-A riM] '1G-A T1M3 MG-AI/MJ Mt;-A,T/H3 MG-AT/MJ

I 9.88 v.95 I. I 2 0.11 O. 100, 9.Rli 1.23 1.38 0.1' 0.1 0 I

10 9.1')11 I.Otl 1.11 O. I J O. 107

'" q .53 l,).q I O.Y9 o .O~ O. IOu

25 9.35 0.86 1.07 0.21 0.102

40 9.9& 1.02 1·01 (,·01 O. 102

53 10.11 1.06 1.11l o .uR O. lOll

I NH.GRAL 5J5.51 5'& .55 60.35 5.til) S.6~S

EI-lROR 18.26 2 • .1" 2.52 O.JO 0.0"6

OEPTI-l CHLOROPHYLL PHAEOI>HYTIN I-'ART.CARRDN VROOUC T I 0'" SURF .~UON

MET"E5 MG/MJ MG/:'13 GC/MJ Mr.C/MJ/H~ 010

I 1)4 t!2 v.o I o .OQ2 0.289 8842

5 v. 5U 04UO 04086 045, .3 ~J43

10 0·50 0··)' 041tU 04316 28.q

IS 0 4116 04·j'") 0.055 04615 1541

25 V 4U6 040:' 04 I aq 041111 4.J

40 0.38 04 1.3 04 I 92 0.023 O.b

5J 1).:\3 (,.1<; O. I 09 O.VOO 0.1

I NH.GqAl 23456 11 4 1<:; H.022 12.003

EI-tRUR I.SA lj. '1'\ O. I '58 1.196

ZOOPLANKTUN DRY wT I I q.O MG/M3

ExrtNCTIO~ COF.FF 0.126 1M

INCIDENT RADIATION 28.41 Cal cm- 2hr-1



62 -
DATE 101 4/61

DEPTH TEMP. SAL I NIT '( OX YGI:N NITtH.TE AMMON I A
METRES DEG.C 0/00 G-AT/MJ MG-AT 1M3 MG-AT/MJ

I 1.9 30.760 0.15 S. I 2 0.39
~ 1.7 J I. "q 0077 t£ .91 0.26

10 I.S 31. 151 0.77 O. ZS 0.26
IS I •• 31.251 0.76 Ih63 0.20
25 1.0 31.316 O.7fi 3.62 0.39
00 1.0 .11.300 0.7 J ~h68 O. q8

53 0.5 J I. a08 0.11 5.14 0.39
INTEGRAL 1119.~22 266.82 20.37
ERRUR o. I 11 11.1)5 0.81)

DEPTH SILICATE I NORG. PHQ5 TOTAL PHDS DIS.ORG.PHDS PART.PHDS
r1!:::TwES MG-AT/M.l 11(;-A1IM3 MG-AT/MJ MG- ... 1/M3 MG-AT/MJ

I 10.11 0.70 O.Btl D.' .. O.IOll
5 9.41 0.75 0.70 0.00 0.099

Iv 9.41 0.16 0.83 0.07 0.105
IS 9.30 0.75 0.84 0.09 0.096
25 9.30 0.71 0.8.1 0.06 O.. O~8
'0 9.88 0.H2 0.90 0.08 O. 107
53 10. I 7 1j.~7 O.YO 0.03 O. I 20

I NTEGR,6,L 529.A5 43.37 4ts .67 J.55 5.620
ERROR 18. I I 1.87 2.02 0017 0.096

DEPTH CHLOROPHYLL PHAEOPHYTIN PART.CARRON PROlJUCTION SURF' .HADN
1'1[ rWES Mr./M.1 riG/H) Ge/M) MGC/MJ/HI-t 0/0

I O. ~~ 0.05 0·292 0·997 88. I
~ 0.50 0.06 0.2HO 0.561 53.0

10 O. "II 0.00 0.295 0.368 28. I
IS (J.StI 0.00 0.215 O. 191 14.9
25 v.50 0.00 0 .. I 61 0.015 •• 2
'0 v.29 O. 10 o. I R I O.O?M 0.6
53 0.2 r 0.22 0.20? 0.000 O. I

1 N rEGRAL 2'.29 3.52 I I .610 9.253
ERROR 1.62 0.35 O. I Rij O.t:l96

ZOOPLANKTutll DRV wT q4.1 MG/MJ
EXTINCTION COE~F O. I 27 1M
INCIDENT IolAOIATION



OA TE 131 4/61
- 63

DEPTH TEMP. SALINITY Ox VGEN NIT~ATE AMMON I A

MET~ES OED .C 0/00 G-AT/M.1 MG-AT/M.'l MG-AT/H]

I I.' ]0.909 0.13 11.27 0.28

5 I· • 31,/.'3 I" O.lLJ J.l 'I 0.211

10 I •• 30.9/1] 0.72 1I.J8 0.20

15 1.0 :JO .q91 0.7.\ ".liS O. I ~

25 1.3 ]1.079 0.1.'\ 1I.9S 0.20

00 0.6 .11.118 0·1.1 11.111 O. Zli

53 0.5 ]1. ]16 O.7S 5.0Q 0.26

I NTi:.GRAL 17 1,,).0 I 7 2511.H2 12.0"'

EI-?RUR o. I 17 10.98 i).1I-'

UE~T'" SILICATE INOI~G.PHOS TQT.&,L PHOS DIS. ORG. PHQS PA~T.~HOS

t1E TIolES MG-A T /r.,~ Mr.-AT/M3 /1G-A TIM] Mr.-AT/H] I1G-AT/113

I 9.59 0.10 O.li' O. I I 0.O~2

5 9. S9 0.11 O. HO 0.09 0.090

10 9.6u O.1? 0.77 0.05 0.092

15 9.88 0.65 O. HI 0.10 O.Ots9

2> 9.35 0.72 0·1111 0.12 o.Ots]

00 8.77 0.15 0.82 0.07 0.011

53 9.30 0.19 0.~0 0.1 I O.OHl!

I NTEGqAL 512.110 .19.95 4':1.50 5.55 0.630

Ei-IROR 17.25 1.12 1.95 0.2" 0.071

QEPTH CHLOROPIH'LL PHAEOPHYT1N PA,I1T.CA.RAON I-IRODlJC T t ON SURF.~ADN

METWE" Hr./M.'i HIOIM3 GC/M] MGC/M3/HQ 0/0

I 0.71 0.00 0.11)1 0.029 81.2

5 0.19 O.OU 0.127 1.002 ':10.l!

10 o.qO 0.00 O. I til I. 196 25.lI

I> 0.51 0.0 I 0.110 1.667 12.8

25 o. /46 O. 10 O. I SO 0.239 3.3

00 0.146 O. I C! 0.081 0.00 11 0.0

53 0.21 0'.20 o. I 21 0.000 O. I

INTEGRAL 29.1:10 11.59 ti.HtlS 26.620

ERROR 1.9l1 o. lI2 O. I 14 3.001\

ZOOI-lLANKTON DRY .T I K.n MG/M3

EXTINCTION COEFF 0.131 1M
Cm-~hr -1

INCIDENT HAOIATION 36.11 Cal



64
DATE 171 1&/61

DEPTH TEMP. SALINITY OXYGEN NITRATE AMMONIA

MET~ES OEC .C oloe G-AT/M3 MG-"r/MJ MG-AT/MJ
I 2.1 30.9 U:\ 0.7] 4.03 0.13, 2.0 30.9SA O.7i1 q.36 0.24

10 2.0 30.976 0.7& q. l&J 0.18

I' 1.0 .11.335 0.7/1 5.24 0.2£1

25 0.7 .11.552 0.74 q .96 0.2"
'0 0.7 ] 1.532 O.71l ~.2~ O. I ij

53 O.R :\1.571& O.1u 5.03 0.4)

I NTEGqAL 112th 225 272.25 IJ.QO
ERROR '). 118 II.qO 0.52

DEPTH SILICATE t NOriG .PHOS TOTAL PHOS OIS.ORG.DHOS P"RT .... HOS
MET~ES HG-A.T/MJ MG-A,T/MJ HG-Al/i'1J MG-J\T/M3 MG-AT/H3

I 9.76 0.fi6 0.76 O. 10 0.105, 10.05 0.63 O.5Q 0.00 O. 110
10 9.82 0.67 o.~s 0.00 0.0'::10
15 g.41 0.17 0.97 0.20 0.087
25 q.OI 0.82 o .Mil 0.02 0.099

'0 ~.9S C.83 0.96 CI. I J 0.088
53 9.18 0.79 0.92 O. I J O. I 40

INTEGRAL 5 I0.05 112.55 41:).07 4.92 5.522
ERROR 17.15 1.8A 2.09 0.27 0.093

DEPl H CHLOROPHYLL PHAEOPHYTtN PA.R I .CARRON ,",ROQUe T ION SURF .HAON
METRES MG/M] MG/HJ GC/I'1.1 MGC/MJ/HR 0/0

I O. gO 0.00 0.210 O.ti)1 IH .5
5 O.AS 0.00 0.210 1.341 S I. ij

10 V.85 O·O!"" 0.196 1.066 26. /I

IS O... 6 O. I v O. 14/! 0.572 13.6
<5 O •.16 (J.I" 0.222 O. 151 3.6
'0 0 •.'3 O.~3 o. I 38 0.089 0.5
S3 O.ij2 0.2(. O.1.1A 0.000 O. I

INTEG"?AL 27.08 7.02 y.s 15 21.203
ERROR 1.68 u.71 O.lfi'\ 1.999

ZOOPLANK TON DRY wT :i2. Ii MG/M.3
EXTINCTION COUF v. I J.3 1M
INCIDENT ~Af)IATION 39.03 Cal cm- 2hr-1



- 6S -
0" TE 191 ij/67

OEP TI-I TEMP. 5ALlNITY Ox. YGEN NITIUTE AMMONIA

r1E TWES OEG.C 0/00 r,-AT/M] MG-A T 1M3 MG-A TIM)

I I.R .10. HOR O.7:? 3.77 0.22

~ 1.8 ]0.809 0·1.1 J .14 0·18

10 1.8 031.1 CA 0.15 5.QtJ 0.26

15 1.5 J 1.111 0.1" S.21 0.20

2~ 1 • .1 J 1.229 0.7.1 J.Oo 0. 4 ..

00 0.5 J I. Jf1? 0.7.1 5.34 0.33

53 (;.5 J I • J 7:~ (}.74 S.Lia 0.04

INTEG~AL 1116.777 20; 1.25 I ~.OO

EQROW O. I 17 11.01 0.70

DEPTH SILICATE 1NO'~G. PHOS TOT AL PHOS D1S.ORG.PHOS PART.PHOS

METWES ,'1G-/I,1/W\ MG-I\r/M) MG-AT /""3 MG-AT/H] NG-AT/M)

I 9.82 0.5" 0.77 0.23 O. I 29

5 9.30 o.6R o.li2 O. Ill. 00129

10 9.0 I 0.58 o .Ha 0.26 O. liS

15 q. 0 I 0.68 O.en 0.19 001.2

25 ti.95 ().15 0.92 0.17 0.100

00 8.95 0.76 0.96 0.20 0.067

53 9.70 0.73 0.99 0.26 O. I JS

I NTEr.qAL 502.55 39.00 50.01 I 1.07 5.9~0

ERRUH 17.01 1.72 2. I R O.lI7 0.OY7

DEPTH CHLOROrJHYLL PHAEOI-'HYTIN PART.CARRON .... ROOlJCl I ON SUWF.HADN

METRES NG/H3 MG/M.l GC/M.l Mr,C/H3/HR 0/0

I o. qu 0.00 0.316 l.tiOO tis.a

5 1.06 0.00 a. I 15 1.323 q ... J

10 1.15 0.00 a.2li2 I • JO~ I ~h6

15 1.02 0.00 0.119 1.061 8.7

2~
\).8 I 0.09 0.141 0.251 .1.7

00 0.5(1 (i.• 11 O. ISq O.Olg 001

53 O.:;b o .Oq 0.180 0.000 0.0

I NTt::GRAL uJ.58 ".117 9.5B5 29.oaQ

EURQR 2.RJ lJ. li7 a.1 S5 2.689

zaaPLANP<TON o.V wT
E)(TINCTIO~ ~aEFF o. loJ 1M

INCIOENT RADIATION 25.22 Cal cm- 2hr- 1



66
DATE 211 ij/61

DEPTH TEMLJ. ~J\L I N 1 TV Ox YG::N ~ I Tq" TE AMMONIA
METRES DEG .C 0/00 G- ..\T/M' MG-AT/MJ HG-AT/MJ

I 2.0 JO.9G7 O.ltl 2.91 0.' I
5 2.0 .'HI.910 0 .. 74 3. SO 0.20

10 2.0 .iO .. HB7 0 .. 14 2.66 O.4J
IS 2.0 JO.9tl7 O.7ta 3 .. 60 0.40
2' 1.7 J 1.35.3 0 .. 7.\ .3 .. ':>2 0.30

.0 0.7 J 1.539 0.73 /1.09 ~.2ts

53 0.8 31 .. 572 0 .. ,~ 1I.7tl 0.116
INTEGRAL 1120.2112 205.97 17.52
ERROR {.h II 8 9.07 0.67

DEPTH 51L1C'TE I NORG .. PHOS TOT AL PWl$ OIS.ORG.PHOS PMH .PHDS
HE HIES MG-AT 01.' M(;-J\T/MJ MG-A 11M3 MG-AT/MJ MG-AT/MJ

I A.95 0.59 0 .. 84 0.25 0 .. 162, H.qS (J.1l9 o .tS4 Od5 O. I t:J5
10 8.66 0.58 0 .. 11 O. I J i) .2q I

IS A .83 0.56 0.75 (j .. I 9 l,) .. I H6

2' 8.12 0·47 0.92 0.115 O. I':> I
"0 R .. (/,2 0.67 0.43 O.lo 0.105
53 \oj.53 0. 7 6 I .. oa 0.28 0.137

I"lT£GRAL ltd) .. li2 32.65 Ilij .. 72 16.07 8.420
ERRO~ 16.:311 I .. 42 2 .. I J 0.76 0.136

DEPTH CHLOROPHYLL PHAEOPHY TIN PART .. CARt-\ON ... Rooue T I ON SURF .WAON
METRES MG/M.l '1(j/M3 GC/MJ MGC/M3/HR 010

I 2.02 0.00 0.208 ~.O91 19.1, ~. 2 I 0.00 O. I 73 ~.201 30.9
10 2. I 7 0.00 O. 18~ 2 .~S9 9.5
15 2. ~6 0.00 o.lRR 1.131 l.9
2S 1.23 0.00 0'0370 0.086 0.3
'0 Ll.qa 0.00 0.196 0.071 0.0
53 0.71 0.00 0.231 0.000 0.0

INTEG~AL 80.81 0.00 1.l.1A2 61.253
ERROR 5.21 0.00 0.252 6. /27

ZOOPLANKToN D0' wT 25.9 MG/MJ
EXT !NCT ION COEFF 0.235 1M
INCiDENT HAOl.o.TION 14.60 Cal cm-~hr-l



67 -
DATE 201 q/61

DEPTH TEMP. S"LINITY OXYGEN NIT~ATE AMMONI"
MET~ES DEG .C 0/00 G-AT/MJ MG-AT/MJ MG-AT 1M3

I 2.0 ]0.6111 0.111 (i.96 O. 13

5 2.0 :~O. lq I 0.16 f).Y9 0.22

10 I .~ J(j.YSJ O.1S 0·84 0.11

IS I.] ]1.006 0.76 1.1 ~ 0.20

25 0.8 ., 1.273 0.7 J 3.60 0.22

"0 0.6 31.392 0.72 11.71 0.61

53 0.1 J I .S."\ I 0.7"\ 5.01 0.54
I NTEGR.c\L 1715.975 11 J. 70 19.112

ERROl:? O. I 17 9.25 0.95

DEPTH SILICATE INORG.PHQS TOT AL PHOS DIS.OJ.lG.PHOS PART.IJHOS
ME HiES MG-A T IM.l t'1{i-.c\r/f'1J i1G-A 1/1'1.1 Mr;-A r 1M3 MG-AT/MJ

I 7.61 0.50 O.tiO O. I 0 0.253

5 7.20 J.45 0.61 0.16 0.2"0

10 6.fi2 • "6 0.52 0.16 0.285

'" 6.10 .". 0.ti2 0.18 0.2"2

25 8.08 ).59 0.~6 0.21 0.132

"0 1t.1I2 v.55 0.87 0.22 0.101

53 9.99 ().KG 1.0 I O. IS 0.213

I NTEGRboL 436.25 32.61 lU.61 I I .00 10.500

E~ROR 15.31 1.116 I.qfi 0.52 00165

DEPTH CHLOROPHYLL PHAEOPHYTIN PARI.CARRON ~RODUC T ION SURF.RAON
METRES MG/MJ MG/M3 GC/1'13 MfjC/M)/HQ 0/0

I 5.j2 o.Ov 0.593 I 1.993 Gq.2

5 0.11 0.0..:. o.;n, IJ.62q IJ.9

10 '·22 O.V\I 0.300 1.80 't 1.2

15 6.51 0.0) O. 173 2. qsq O. I

2" 2. u6 (j. au O. 181 O. I q u 0.0

"0 1.23 ('. o,~ 0.173 0.011 0.0

53 0.90 (). U w o .2q;> 0.000 0.0

1NTEGR4L 1q,;..uu ,-'.,,\1. 12. IS 1 151."91

ERROR 12·91 O.uli 0.200 11.209

ZOOPLI\NKTUN DRY wT 22.0 MG/MJ
EXTINCTION COFF O. /I .. ] 1M

cm- 2hr-1
INCIDENT IofAOIATION 24.95 Cal



- 68 -
DATE 271 "' 'l

DEPTH TEMP. SAUNITY OXYGEN NITRATE AMMONIA
METNES DEG.C 0100 G;AI/M3 MG-AT/M3 HG':"AT/H3

I 2.' 29: 640 0.82 0.13 0.15
5 2.0 30.754 0.80 0.10 0.33

10 1.7 30.981 0.81 0.24 0.11
IS , .3 31.048 0.77 1.10 0.13
25 0.7 31. 336 0.76 2.94 0.78
00 0.7 31. 388 0.74' 2.92 0.43
53 0.6 31. 436 0.72 4.08 0.43

J NTEGRAL 1713.925 121.42 22.97
ERROR 0.117 6.54 1.11

DEPTH SILICATE 1NORG. PH05' TOTAL PHOS OIS.ORG.PHOS PAlH ."HDS
METNES MG-A TIM,' MG-"1/M3 MG-AT/H3 MG:-=AT/f13 MG-A T1M3

J 6.39 0.19 0.41 0.22 0.276
5 3.48 0.24 0.62 0.38 0.322

, 0 3.31 0.32 0.49 0.17 0.317
15 5.77 0.38 0.61 0.23 0.276
2~ 5.46 0.54 0.85 0.31 0.183
00 6.39 0.59 0.85 0.26 0.168
53 8.89 0.73 0.93 0.20 0.146

J NTEGRAL 323.97 27.20 41. 50 14.30 11. 857
ERROR 11.59 1.29 1.90 0.63 0.190

OEPTH CHLOROPHYLL PHAEOPHVTIN PART.CARRON YRQDUC T I ON SURF .RAON
METRES MG/M3 MG/MJ GC/MJ_ MGC/M,3(HR 010, 4.9~ 0.00 0.372 9.425 148.0

5 9.03 0.00 0.239 15.315 2.6
10 ,v.2e 0.00 0.268 8.889 0.1
15 II.Oq 0.00 0.263 2.847 0.0
25 5.73 0.00 0.260 0.144 0.0
'0 4.~3 0.00 0.245 0.000 0.0
53 I • tH~ 0.05 0.219 0.000 0.0

INTEGRAL 342.46 (,1.34 14.005 167.736
ERROR 23.53 0.06 0.236 18.818

ZOOPLANK TON DRY wT S6.~ MG/MJ
EXTINCTION CQEFF 0.733 1M 2 1
INCIDENT RAO IA T J ON 28.41 Cal em- hr-



69

DATE .1/ 5/67

DEPTH TEMP. SALINITY OX VGEN IIlITRA.TE AMMON I A

MET~ES DEG.C oioo G-AT/MJ MG-411M3 MG-AT/H)

I loB 30.628 0.15 0.20 0.20

5 1.4 ):).181 0.15 0.29 0.61

10 1.2 30.919 0.15 1019 0.24

IS 1.0 3 1.016 0.76 I .. 21 O.6~

2" 1.0 31 .. 137 0.16 1.24 0.20

40 0.5 31.299 a.let i:! .82 0.43

53 0.4 31.389 0.14 a.OJ 0.51

INTEGRAL 111 2. ~~S I O~ .. liS 23030

ERROl? O. ,,1 5.54 0.91

DEPTH SILICATE I NORG .. PHQ::» TOTAL PH05 OIS.ORG.PHOS PA~T .PHOS

MET~ES MG-AT/M] MG-ATtN] HG-AT/H] MG-AT/H] MG-"T/M)

I 3 .20 0.29 0.52 0.23 Q.2t1S

5 .1.20 a•.l ll 0.60 0.20 0.282

10 4.07 J.38 0.52 0.1' 0.2"6

15 J.oa 0.41 0.51 0.16 0.2"

2" .3 .54 0. 4 2 a. D6 0.2" 0.2"6

'0 5.29 0.59 0.74 O. 15 0.208

53 8.31 0.14 0.92 0.18 ·0.208

1NTEGRAL 253 •.17 21.05 )7 .. 42 10.31 13.112

ERROQ 9.26 1 .. 24 1.66 o. qS 0.219

DEPTH CHLOROPHyLL PHA.EOPHYTIN PART.CA.R~ON tJROOUCTION SURF .NAON

METI-lES Mr,/MJ MG/MJ GC/M) HGC/MJ/HQ 010

I J .. 11 0.00 0.211 6.245 StJ.6

5 5.32 0.00 0.295 10.293 5.8

10 4.53 0.00 0.254 6.144 003

15 5032 0.00 0.205 I .. 790 0.0

2" 5032 0.00 0.202 lI.182 0.0

'0 4.53 0.00 0.30.3 0.0 15 0.0

53 2.88 0.00 003110 0.000 0.0

INTEGRAL 25'.3' 0.00 I~.O30 1 13.726

EWROR 11.81 0.00 Q.25R 12.683

ZOOPLANKTUN ORY wT 19.8 MG/MJ
EXTINCTION COE"" 0.559 1M

cm- 2hr-1
INCIOENT IU.DlATION 3~. 80 Cal



- 70 -
DATE " 5/67

DEPTH TEMP. SALINITY OX YGEN NITRATE AMMONIA
METRES OEG.C 0/00 G-AT/MJ MG-AT/MJ MO-AT 1M3

I 3.1 28.912 0.18 0.13 O.7Cl

~ 2.0 .10.9112 C.lli 0.12 0.22
10 1.4 ." • 030 0.77 0.20 0.1 ~

15 1.1 .11.095 0.11 0.14 0.13

25 1.0 J 1.0 4 6 0.16 I .. 76 0.10

'0 1.0 .12.07. 0.76 1.69 0.30

53 0.7 .'2.133 0.1, 2.07 0.28

INTEGRAL 1125.535 10.35 20.02
ERRUR O. "8 .3 .1". 0.93

DEPTH [SILICATE INORG.PHOS TOTAL PHOS b I 5. ORG. PHOS PARI.I-lHOS
METRES MG-AT 1M3 NO-AT/MJ r1G-AT 1M3 MG-AT/M3 MG-AT/M3

I 7.03 0.26 0.;\11 0.08 0 •.1tS4

5 6.39 0.29 0.34 0.05 0.161
10 2 .. 44 0.38 Q.IU\ O. 10 0.256
15 2.67 0. 4 2 0.63 0.21 0.2::.3

25 2.85 0.43 0.54 0.11 0.113
40 3.lu 0.38 O.61l 0.26 o. I ~o

53 II.R8 0.63 0 •• 5 0.22 0.201
INTEGRAL 20 1.07 22.95 32.40 9.45 10.162
ERROR 6.55 1.00 I .. 45 0.48 0.1 ttO

DEPTH CHLDROPH YLL PHAEOPHYTIN PART.CARRON PRODUCT I ON SURF .. WADN

ME T~ES MG/MJ MG/M3 GC/MJ MGC/MJ/HR 0/0
I I).A8 0.1.1 0.245 3.168 12.5
5 0·58 0.19 O. I 10 1.830 20.0

10 1.98 0.00 O.2Q5 2.211 4.0
15 5 • .12· 0.00 0.222 3.4 I" 0.8
25 2 .. lin 0·24 0.118 0.229 0.0
40 I .. AI 0.2.1 0.254 0.033 .0.0
53 1.13 J. 12 0.20. 0.000 0.0

INTEGRAL 125.85 A.Ii" I I .. Sll 1 57 .. ij25

ERROR 9.54 O.1fi 0.207 6.132

ZOOPLANKTON ORT MT 50.7 MG/MJ
EXTINCTION COEFF 00322 1M
INCIDENT RADIATION



- 71 -
DATE III 5/61

OEPT~ TEMP. SALINITY OXYGEN NITRATE AMMONIA
METWES OEG.C 0100 G-AI/M3 MG-AT/HJ H(j-AT 1M)

I 5.0 30.261 0; 71 0.24 0033, 3.5 30.586 0.73 0·311 0.00
10 2.1 30.195 0.711 0.116 0.03
15 2.3 31.010 O. '13 0.02 Ooorus
25 I.R 31.097 0.75 I .. I 4 0.56
00 1.2 .11 .. J 15 0.15 1.10 0.56
53 103 J I .. 358 0.74 2.32 0.16

INTEGRAL 1708.710 64.90 29.82
ERROR 0.111 ).4) 1.19

DEPTH SILICATE I NORG.PHQS TOT AL PHQS OI5.QRG.PHOS PART .PHOS
HETRES MG-A TIM] MG-A T 1M3 MG-41/M) MG-AT/M) MG-4T/MJ

I 3.08 0.28 0.46 0.18 0.151, 2.38 0.35 0.11,1\ 0.13 0.232
10 2.61 0030 0.54 0.20 0.165
15 2.21 0.34 0.60 0.26 0.159
25 2.03 0039 0.51 0.12 0.116
00 J .. 14 0.52 0.60 0.28 0.1 b2
53 11.65 0.55 0.62 0.21 0.131

INTEGRAL 156.51 23o.l0 35.27 I I .. 97 8.511
ERROR 5.50 1.07 I .. 60 0.55 0.103

DEPTH CHLOROPHYLL PHAEOPHVTIN PART .CARRON ,",RODUCT I ON SURF.RADN
METRES MG/M] MG/M) GC/M3 MGC/MJ/HR 010

I 0.33 0.00 I .. I ,13 tiS. I
5 0.1., 0.00 I .. 838 1111 .. 7

10 0.92 0.00 I .. 151 20.0
15 0.50 0.00 0.529 8.9
25 a.A8 0.00 0.220 1.8
00 0.19 0.20 0.• 000 0.2
53 0 .. 75 0.119 0.000 0.0

INTEGRAL .. I .. )9 6.6J 211.533
ERROR 2·96 0.15 2.4114

ZOOPLANKTON DRY WT 46.8 MG/M3
EXTINCTION COEFF 0.161 1M
I Ne JDENT HAD I AT I ON



- 7Z -
DA TE , 51 5/61

DEPTH TEMP. SALINITY OXYGF.:N NIT~UTE AMMONIA
METRES OEn.C vI 00 G-Al/t13 MG-A T 1M3 HG-AI/Mj, .'\. ~ JI).JiHA 0.12 0.28 0.72

5 J.S 30.601 0.13 0.95 '.22
, 0 2.1 ] I. IlIB 0.7.1 0.56 a.4ti,,, , .1 :1 1.295 0.74 0.76 0.01

2" , .5 31.263 0.13 0.97 0.50

90 , .3 J 1 • .159 0.7.3 1.40 0.61

53 ,.3 31.381 O.7/l 2.27 o. S4

I NTEGR~L 1111.237 6.1.70 3' .07

ERROR O. "1 3 .09 , .28

DEPTH SILICATE INO~G.PHOS TOTAL PHOS OIS.ORG.PHOS PART.PHOS
METWES MG-A rIM.' MG-ATtHJ MG-AT IM.l MG-A T 1M3 HG-ATtH3

1 2.50 \J.IlS 0.59 o. I 4 0.094
5 2.50 0.51 0.52 0.00 O. '29

'0 1.98 a. 1I 1 Q.tag 0.08 0.128

'5 1.98 0.43 0.52 0.09 0.092

25 2.3A '0.43 0.57 O. '" 0.088
90 4.13 0.6' 0.78 0.17 0.139

53 .3. III 0.51 0.80 0.23 O. I 70
1NTEGRAL 158.75 28.05 35.25 7.45 1).670

ERROR 6.09 1.211 1.59 0.36 0.1'1

DEPTH CHLOROPHYLL PHAEOl-'HYTIN PART.CA.RRON "'RODUCT I ON SURF' .WAON

METRES HG/M1 MG/M.) Gcn1J /t1r;c /MJ/HR 0/0, 0.13 0.1 4 0.366 0.6411 89.5
5 0.2' 0.26 0.283 0.863 57.4

10 0.50 O. 00 0.J21 0.9" 33.0
IS 0.33 O. I J 0.201 0.192 '8.9
25 0.29 0.23 0.119 0.0 I I 6.2
90 0.29 O. I I 0.245 0.000 1.2
53 o. I 7 0.0 I 0.206 0.000 0.3

1N7EGRAL IS.64 1 • .31 , 2.930 9.558

ERROR 1.11 0.60 a.2lll , .099

ZOOPLANKTUN DRY wT Jtj.O MG/MJ
EXTINCTION COEF'F 0.111 1M
INCIDENT HAOIATION



- 73

DATE 18/ 5167

DEPTH TEMP. SALINITV DHGEN NIT~ATE AMMON I A

METRE5 DEG.C 0/00 G-"T/1'13 MG-AT/M3 NG-AT/H)

I •• 1 30.707 0.11 0.59 0.30

5 2.0 .10.774 0.75 0.50 0.52

10 1.6 30.995 Q.1e; 1.05 0039

15 1.2 31.096 0.14 0.89 0.15

25 1.2 ]1.155 0.13 0.fi8 0.70

00 103 ] I .311l 0.72 1.1il 0.52

53 1••1 31.402 0073 2.80 0.59

INTEGRAL 1713.500 59030 l7.lJO

ERROR 0.1 17 3.52 1.11

,
DEPTH SILICATE I NORG.PHOS TOTAL PHQS DIS.ORG.PHUS PART .... HOS

METRES MG-AT/M'\ NG-AT/M3 HG-AT 1M3 Mr,-AT/MJ MG-AT/HJ

I 2.57 0.115 0.61 0.15 0.109

5 2.3A 0.44 o.sa 0.10 O. 105

10 2.57 0.118 O.Sn 0.08 o. I q I

15 1.57 0. 4 /1 0.57 0.23 0.1 35

2' 3.3 I 0.53 0.79 0.25 0.1 10

00 5.52 0.64 0.90 0.25 0.128

53 1.63 0·.52 0.75 0.23 ·0.198

INTEGRAL 180.10 29.15 41.05 11.90 7.307

ERROR 1.611 1.32 1.88 0.51 0.120

DEPTH CHLOROPHYLL PHAEOPHYTIN PART .CAQ~ON ""'ROQUe T I ON SURF .RAON

HET~ES MG/M3 MGtM) GC/M3 MGC/MJ!HR 0/0

I 0.17 0.11.1 0.267 0.120 89.4

5 0.11 O. I A 0.201 0·03 11 51. I

10 0. 4 2 O. l-l 0.210 0.559 32.6

15 0033 O. ]6 0.206 0.369 18.6

25 0.42 0. 11 1,) Q.2:H 0.036 ." .I
.0 0.21 o. u 1 0.011 0.002 1.1

53 0.25 C.1l1 0.215 0.000 0.3

1NTEGRAL IOe06 20.2i4 10.110 '0.21&3

ERROR 1.15 I. So 0.169 1.0 I 0

ZOQPL4NK TON DRY WT 28.0 MG/MJ
EXTINCTION COEFF O. I 12 /M
INCIDENT HAD I AT I ON



- 74 -
DATE 231 5161

DEPTH TEMP. SALINITY OXYGEN NITRATE ANMONIA
METRES DEG.C 0100 6-A1/M] MG-A TIM.l MG-AT/M3

I 5.1 29.998 0.66 0.53 0.1"

5 0.1 30.321 0.68 0.60 0033

10 1.6 J 1.048 0_09 1031 0.10

15 1 • .1 J 1.338 0.69 1.48 0."9
25 103 .11.499 0.69 1033 0.50

00 1.2 31.116 O.bS 1.93 0.7"

53 1.2 J I .. 738 0.86 2.18 0.63
INTEGRAL 1124.411 ts4.20 3q .35

ERROR 0.118 3.95 r.4 I

OEPTH SILICATE I NORG .. PHOS' TOTAL PHOS OIS.ORG.PHOS PART .. PHOS

METRES MG-AT/HJ MG-AT 1M3 . HG-AT IMJ HG-A T1M3 MG-AT/H]
I 3.60 0.36 0.56 0.20 00125

5 2.96 0.39 0.59 0.20 O. 132

10 2.96 0.46 0.68 0.22 001 05
15 3.25 0.50 0.68 DolO 00121

25 J .. 42 0.51 0.65 0 .. 14 001 0 I
00 3. I q 0.55 0.13 0.18 0.120
53 J.SQ 0.55 0 .. 11 0.18 0.136

1NTEGRAL 119.31 21.95 37 .. 110 9. liS 6.481
ERROR 6. 13 1.23 I .. 63 O. liD O. 110

DEPTH CHLOROPHYLL PHAEOPHY r I N PAR'.CAR~ON "'RDDUCTION SURF.IoIAON
METRES MG/M3 MG/M] GC/M3 MGC/MJ/HR 010

I C.67 0.00 0.20 I 2.292 9001

5 (,I .54 0.04 0.16A- 0.858 59.5
10 0.17 CJ .. II I 0.211 0.266 3503

15 0.17 0037 O. I 40 0.090 21.0

2S O. 13 0.39 0.206 0.026 7.0
00 O. I 7 " .. II I 0 .. I 40 0.027 1.6

S3 0 .. 17 0.51 00193 0.000 0.0
INTEGRAL I 1.1A 19.95 9.600 12.143
ERROR 0.16 I; 5 I 00162 l.q66

ZOOPLANKTON DRY "T 2Sd MG/M]
EXTINCTION COE" 0.104 1M
I NC I DENT RAO t AT l ON



7S -
DATE 25/ 5/61

DEPTH TEMIJ • SALINITY Ox YGEN NIT~ATE ANMONIA

METRES DEG.C 0/00 G-AT/M.1 MG-A T1M3 MG-AT 1M3
I S.S 28.1"3 0.69 o. qa 0.05
5 0.0 30.006 0.69 0.59 0.01

10 1.5 J 1.419 0.10 1.63 0.74

15 1.3 31.560 0.6Q 1.06 0.50
25 1.3 31.708 0.ti8 1.27 0.5l

00 1 • .1 .12.018 0.66 2.44 0.95

53 1.3 32.064 a.68 2.86 0.74
INTEr,RAL 17.32.782 93.91 3'.22

'ERROR O. I 19 11.68 1.51

DEPTH 51L1CATE I NORG. PHOS TOTAL PHOS OI5.QRG.PHQS PMH .PHOS

METRE5 MG-AT/H] MG-A T /11.1 MG-ATtN.} MG-AT/H) MG-AT/H)
I 6.39 0.32 0.60 0.28 O. I 15

5 3.12 0.3 4 o.s I a. 17 o. I 42

10 3.83 0.53 0.13 0.20 O. 109
16 3.37 0. 4 5 0.03 0.18 O. 101

25 2.90 0.48 a.65 o. I 7 0.084

'0 J .sa 0.61 0.16 O. 15 O. I 54
53 U.07 0.61 0.86 0.25 0.008

INTEGRAL 198.87 28.25 .'lB."O 10./5 6.020
ERROR 6.53 1.28 1.68 0." I O. I 13

DEPTH CHLOROPHYLL PHAEOI-'HVT' N PAR I .CARRON ... RODUCTION SURF .I-tAON
MET~ES MG/M) MG/M3 GC/M3 MuC/MJ/H~ 0/0

I 0.1')1 0.22 0.220 2.713 89.9, 0.61 D. 15 0."03 1.040 ~8.6

, 0 O. I 9 0.36 O. I 73 O. I 92 3 •• 3
, 5 O. I 3 0.24 0.193 a. I I q 20. I

25 0.11 o. /l~ 0.352 0" 96 6.9
00 0.21 a .2tl 0.231 0.059 I.'
53 0.21 0.22 Q.2qA 0.000 0.3

INTEGRAL 13.66 12.45 15. 102 20. 173
ERRUR 0.9' 0.88 0.266 2.201

ZOOPLANKTON DRY WT 23.7 MG/M3
EXTINCTION COE" a. 107 /M
INCIDENT folAOIATION



76

DATE 291 5,1,61

DEPTH TEMP. SALINITY OXYGF::N NITRATE AMMON I A.

METRES OEG.C 0100 G-,A T/1'1.1 MG-AT/H3 MG-AT/MJ

I •• I 30.561 0_08 0.69 O.lts

~ .1.8 10.550 0.69 0.66 0.30

10 3.1 30.564 0.61 0.81 0030

IS 2.0 31.091 0.68 0.96 0.2'

25 1.0 JI.651 0.61 1.36 0.30

00 1.2 31.161 0.ti6 1.1l2 0.89

53 1.2 31.908 0.65 2.62 0.6~

I NTEGQAL 1726.612 14.47 21.52

ERROR 0.118 3.49 1.35

DEPTH SILICATE I NORG.PHOS TOTAL PHOS 015.0RG.PH05 PART .PHOS

ME TRE5 M6-,I\ r1M3 MG-A T1M3 MG-A r1M3 MG-AT/M3' HG-AT/H3
I 3012 0.56 0.62 0.06 0.121

5 3.89 O. (I I o .1lJ 0033 00136

10 3.113 0. 4 6 0.10 0.20 0.100

15 3.19 0.45 0.74 0.29 0.105

25 2.90 0.65 0.85 0.20 0.092

00 3.83 0.63 OdD 0.27 0.101

53 5.52 0.16 1.10 0030 -0.216

INTEGRAL 203.02 32,40 116.67 14.27 G.8tiO

ERROR 6.99 I .. 4S 2.06 0.62 0.115

DEPTH CHLOROPHYLL PHA.EOPHYT I N PART .CARRON I-IROOUCT I ON SURF .HAON

MET~ES MGtM) MGtMJ Ge/M) MGC/M3/HR 010

I 0.S8 0.27 O.19A 2.450 89.7

5 0.$4 0.4') 0.231& 1.112 58.0

10 0.60 Oor'ill 00305 1.00 I 33.6

IS 0 .. 4b Q.US 0.215 0.513 19.5

25 0.06 0.7'; 0.200 0.022 6.6

00 0.13 (hlR 0.182 0.012 '1.3

53 0.23 0.02 0.211 0.000 0.3

INTEGRAL IS.O I 26.21 II .110 23.991

ERROR ,).98 I.q.l 0.192 2.056

ZOQPLANK TON DRY WT 8.9 MGtH3
EXTINCTION COEH 0.109 1M
INC IOENT HAOIATION



- 77

DATE II 6/61

OEPTH TEHP. SALINITY OX YGEN NITRATE AMMONIA
METRES DEG.C oioo G-AT/M.l MG-A T 1M3 HG-AT 1M3

I 5.0 30.521 Q.tiq 0.60 0013
5 '.3 30.161 0.66 0.65 0.15

10 3.9 30.909 0.66 0.61 0.33

IS 3.0 J I .. rS4 0.66 0.96 0.35

25 2.5 31.468 0.66 1.88 0.20

'0 I •• 31 .. 762 0.66 I .. 88 0.33

53 I.' JI.996 0.62 2.68 1.31
INTEGRAL 1128.051 H8.25 23.01

ERROR O. I I A 11.29 1.09

DEPTH SiLICATE INORG .PHOS TOTAL PH05 DI5.0RG.PHD5 PART .PHOS

METRES MG-AT/t13 MG-AT 1M3 MG-AT/H3 HG-AT/M3 MG-AT/MJ
I II .. 13 O. q9 0.12 0.23 0.100

5 5.52 0. 4 5 0.68 0.23 00166

10 3.66 0.113 0.56 0.13 0.100
15 2.13 0.56 0.19 0.23 0.099
25 2.61 0.5 I O.6G 0015 0.09'
40 2.6 I 0.62 0.81 0.19 0.099
53 5.52 0.19 1.01 0.22 00121

INTEGRAL 189.61 31 .. 1&2 4 I .90 10.48 6.335

ERROR 6.16 1.38 1.62 o. qq 0.102

DEPTH CHLOROPHYLL PHAEQPHY TIN PART .CARRON PRooue T I ON SURF.RADN
METRES MG/M3 MG/M3 GC/M) NGC/MJ/HR 0/0

I 0 .. 75 003 I 0.261 3.261 88.9

5 1.00 0030 0.291 5.648 55 ••
10 0.13 0.26 0.2.5 I .. 170 30.1

IS 0.60 0.25 0.215 0.930 17.0

25 0.11 O. I 8 00116 O.OJq 5.2

'0 0.08 0.23 0 .. I q9 0.0117 0.9
53 0.21 0.53 0.314 0.000 0.2

INTEGRAL 9.91 15.06 12.065 50.311 I
ERROR I .. 3S 1.02 0.20' 6. 157

ZOOPLANKTON DRY wT q I .. ij MG/H3
EXTINCTION COErr o. 118 1M
INCIDENT RAD I AT 1ON



78 -
DATI:: 51 6/67

DEPTH TEMP. SALINITY OXYGEN NITRATE AMMON 1A

METRES OEG.C 0/00 G-A r1M3 MG-AT/MJ MG-' T1M3
I 7.0 30.619 0.69 0.11 0.13

5 6.0 30.691 0.68 0.05 0.13

10 5 •.1 30.756 0.67 0.18 0.28

15 4.5 31.292 a.en 0.35 0.07

25 3.7 .11 .. 34J 0.62 0.62 0.28
40 1.6 J 1.675 0.62 1.86 0.93

53 1.5 J I .. A22 0.61 1.81 1.04

INTEGRAL 1724.050 53.27 28. 15

ERROR 0.116 3.21 I .. 4ti

DEPTH ISILICATE I NORG .. PHO:; Tal AL PHOS DlS.O~G."'HOS PAIn .,",HOS

METRES MG-AT 1M.' MG-AT/M3 MG-Ar/HJ MG-AT/M3 MG-AT/MJ
I 2.73 0.32 0.5 I 0.19 O. I 34

5 2.91 0032 0.5 I O. I 9 0.150

10 3.02 0036 0.53 0.11 O. 152
15 2.56 0.37 0.60 0.23 0.182
25 2.03 0. 4 6 0.0) o. I 7 o·on
40 3.60 0.62 0.80 0.18 O. 103
53 /I .. I 3 0.66 0.8\ 0 .. 15 0.116

INTEGRAL 166.02 26.91 36.92 9.9S 6.852

ERROR 5.86 1.26 1.67 0.42 0.111

DEPTH CHLOROPHYLL PHAEQPHYTIN PAWl.CARRON pRODue T I ON SURF .RADN

METRES MG/MJ MG/MJ (ie/HJ MGC/MJ/HR 0/0
I 0036 0.28 0.237 3.369 86.2

5 0.71 0.24 0.2<. I.gqq 141.5

10 0.79 0.39 0.3.16 0.712 22.5

15 1.65 0.67 Od99 1•• 07 10.7

25 0 •• 6 0.00 a.li9A 0 .. 108 2.4

40 0.17 0 .. q~ 0.20 I 0.000 0.3
53 0.21 0 .. 31 0.4.'11 0.000 0.0

INTEGR'L 35.82 11.98 19.)52 .16 .. 604

ERROR 2.82 I .. 45 0.345 3.ti1J

ZOOPLANKTON DRY wI 69.3 MG/MJ
EXTINCTION COEF'F' 0.149 1M
INCIDENT !-tAD I AT I ON 26.90 Cal cm-2hr-1
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DATE 8/ 8/67

DEPTH TEMP. SALINITY OXYGEN NITRATE AMMON I A

METRES DEG.C 0100 G-A T/M,' MG-AT/MJ MG-AT/MJ
, 8.7 30.52. 0.85 0.06 0.0"

5 8.0 30.857 0.66 0.07 0.5"

10 6.0 30.814 0.'89 0.06 0.1"
, 5 •• 5 31.214 0.70 o. q I 0.01

25 .1.3 3' .252 0.70 0.116 0018

.0 1.8 31.556 0.65 1.28 1.2ti

53 , .3 31.881 0.56 2.95 1.00

INTEGRAL 1721.161 50.95 33.2'

ERROR 0.118 3.00 1.86

DEPTH SILICATE I NORG. PHOS TOTAL PHOS DIS.ORG.PHOS PARf.Jo'HOS

METRES MG-AT/M3 MG-AT/MJ HG-AT/M) HG-AT/M) MG-AT/MJ

I ).43 0.21 0.115 0.2. 001 89

5 2.79 0.23 0.Ll8 0.25 0.' 89

, 0 2.44 0.26 0.5 I 0.25 00182

IS 1.68 0.29 0.56 0.27 0.' 5'

25 1.74 0036 0.59 0.23 0.262

00 3.72 0.59 0.79 0.20 0.'36

53 .3 .12 0.65 0.9i1 0.29 '0.25 I

INTEGRAL 152.71 23037 36.55 13. /1 10.507

ERROR 5.62 1.lll 1.66 0.54 0.185

DEPTH CHLOROPHYLL PHAEOj.)HYT IN PART .CARRON PRODUCTION SUt-fF'. ~ AOf'

METREs MG/M3 MG/MJ GC/MJ MGC/M)/HR 0/0

, 0.75 0.10 0.336 20787 62.5

5 0.54 0.19 O. 2~1 2.50 , 38.3

, 0 0.71 0.20 0.209 3.229 111.7

, 5 2.44 0.00 0.448 '.0'3 5.6

2S 2.06 0.06 0.396 0.906 0.8

.0 0.29 0.17 0.341 0.454 0.0

53 0.21 0.45 0.il15 0.000 0.0

INTEGRAL 58.18 8.98 19.151 61.566

ERROR 5.17 0.73 0.347 50300

ZOOPL.t.NKTUN DRY WT 44.1 MG/M3

EXTINCTION COEFF 0.192 /M
cm- 2hr-1

INCIDENT ~AD I AT I ON 17.29 Cal



80 -
DATE 121 6/67

DEPTH TEMP. SALlNITY Ox VGEN NITRATE AMMON I A

METRES OEG.C DiDO G-A1/M.l MG-A T 1M3 /'16-A1//'13
I 10.1 30.306 0.61 0.02 0.22
5 6.5 30.630 0.66 0.03 0.09

10 '.5 J 1.073 0.66 0.0' 0.11:1
IS 3.7 J 1.1118 o.tiq 0012 0.22
2' 3.2 31.267 0.011 0.61 0.33

'0 2.' 31.S89 0.64 1.72 0.96
53 201 31.722 0.63 2.6' 1.17

IN TEGQAL 1120.471 55.27 30.8'
ERROR O. 118 3.36 1.57

OEPTH 51L1CA7E I NORG .PHOS TOTAL PMOS 0IS.ORG.PM05 PART .PHOS

METRES MG-A T IM.l MG-AT/M3 HG-A T1M3 MG-A T1M3 /'16-"1//'13
I 2.79 0.23 o. qq 0.21 O. I 73
5 2.38 0.25 0.' 7 0.1.2 0.129

10 1.80 0.29 0.41 (,.16 O. I IS

" 2. I 5 0.35 0.54 0.19 o. I 16

25 1.92 0.42 0.56 0.16 0.092
'0 4.36 0.64 0.76 0012 0.132
53 6.S I e.13 0.93 0.20 ·0.059

INTEGRAL 182.22 26.22 JS.IH 9.25 6.095
ERROR 7.05 1.27 1.61 0.37 O. 107

DEPTH CHl.ORQI-lHYLL PHAEOPHVTIN l-'A~T.Co\~AON I-'ROOUC T I ON SURF .HAON
METRES MG/M3 MG/MJ GC/M3 MGC/M3/HR 0/0

I 0.42 0.20 0.289 4. I 32 l:J8. I
5 0.46 0.05 0.270 1.959 53.0

10 0.42 0.32 0.270 1.402 28. I
IS 1.00 0.08 0.399 0.845 14.9
25 0.50 0.27 0.31 I 0.113 4.2
40 0.25 0.23 0.316 I. I 28 0.6
53 0.,7 0.39 0.236 0.000 O. I

INTEGRAL 24.19 12.82 16.812 59.312
ERROR 1.77 0.96 0.293 5. 130

ZOOPLANKTON'DRY Wi 65.9 MG/M3
EXTINCTIO~ COEFF 0.121 /M
INCIDENT RAO I AT I ON 3.84 Cal cm- 2hr- 1



- 81 -
DATE 151 6/67

DEPT4 TEMP. SALINITY 0)( YGEN NITHI\TE AMMONIA

METRES OEG.C 0100 G-AT/MJ MG-AT/MJ MG-AT/MJ

I I I .5 24.923 D.1i I 0.' q 0.115

5 7.5 .30.608 0.66 0.0f; 0.20

10 4.7 .11. I 73 0.70 O. I tJ O. I I

15 ... ] I .. 239 0.12 0.116 0.09

25 3.2 31.)110 0.67 1.10 0.59

.0 2.· 31 .. 591 O.till 1.60 1.1 ,

53 2·0 31 .. 74) 0·02 2./:U I .. 30

1NTEljQAL 172/.692 63.91 38.05

ERROR U. 118 3.50 1.93

DEPTH SILtCAT[ INOQG.PHOS TOT AL PIoiOS DIS.ORG.PHOS PART."'HOS
METi{ES HG-AT/M.l MG-AT/M3 MG-Af/l'1) MG-AT/MJ MG-AT/M3

I .1.119 0.24 0.113 0.19 0.207

5 2.61 0.25 O.4S 0.20 O. 1/3

10 1.86 ,).35 0.5.1 0.113 O. 138

15 1.51 O. uQ O.SR 0 .. I 8 0 .. I 48

25 2.32 0. 4 2 0. 11 1 O.oS 0.091

.0 (I .. ll2 O.ti2 0.18 0 .. 16 O.12S

53 6..19 0 .. 76 0.90 O. I II 0.205

INTEGRAL 185.92 26.85 311.65 7.80 7.732

ERROR 7 .. 16 I .. 27 1.58 0.33 O. 126

DEPTH CHLOROPHYLL PHAEOPHYTIN PART.CARIiON I-'ROnUC T ION SURF .HADN

METRES MG/I'1) MGtM] Ge/M) MGC/MJ/HR 0/0

I O. '8 0.09 0.229 s. I 39 ~9.~

5 0.21 0.22 o. 193 1.596 57. I

10 0.33 0.09 0.2.)/1 0.678 32.6

IS 0.50 0.20 0.222 0.623 18.6

25 0.21 0.24 o. I riR 1.016 601

.0 0.25 0.06 0.20S 0.005 1.1

53 0.29 0.13 0.212 0.000 0.3

INTEGRAL 16.16 8.08 I I • I 31 ij t .671

ERROR 1.07 0.60 O. 187 ij. 115

ZOOPLANKTON DRY wT 40.3 MGIf'-13

EXTINCTION CDEFF 0.112 1M
cm- 2hr-1

INCIDENT Io(ADIATION 5.76 Ci'l
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DATE 31 7/67

DEPTH TEMP. SA.LINITY OXYGEN NITR.t.TE AMMONIA
METNE5 DEG.C 0100 6-A11M3 MG-AT/H) M6-AT/M3

I 1303 JO. tl1l9 0.58 0.11
5 12.8 300377 0.58 0.06

10 1103 30.1 u8 0.60 0013
15 9.5 30.950 0.63 0.26
25 5.5 Ji .196 0.68 1.24

40 2..1 JI.5H) o.t)1J, 1.68

53 1.7 :H .536 0.51:1 2.21
INTEGRAL 111 ij .081 60.60
ERROR O. I 17 3.40

,
TOT ALOEPTH Sill CATE I NORG .. PHOS PHOS OIS.ORG.PHOS PAHT.IJHOS

METRES MG-AT IM.'\ MG-AT/H] M6-AT/H3 MG-AT 1M3 MG-AT/H)
I 1.68 0 .. IS 0039 Q.211 0.J04
5 1.98 O. I 9 0.39 0.20 0.255

10 1.98 0.26 D.u6 0.20 0.219
15 1.98 0030 o.Sq 0.2/& 0.228

25 1.80 0.33 0.59 0.26 0.187

'0 3.83 0.56 0.79 0.23 00167
53 7.26 0.60 1.00 O.qo ·0.243

INTEGRAL 173.25 21.90 36.00 Pl. I 0 11.505
ERRUR 6.79 1.08 I .. 67 0.61 0.185

DEPTH CHLOROPHYLL PHAEOPHYTIN PART.CAR80N "'Rooue T I ON SURF .HADN
METNE5 MG/MJ M6/"13 Ge/M.) MGC/MJ/HI-l 010

I 1.00 0.28 o• .151J, 5.495 85.0

5 0·83 0.21 O.JIJ,2 I .. 502 ilQ .. 5
10 lJ.q2 0.0 I 0.203 2 .. I I I 19.8

15 0.96 0030 0 • .3 76 1 .. .3 I 0 8.8

25 0.63 0.4 I 0.307 0.5 I 0 1.7
40 o. s8 0.09 0.36 r 1.009 0.2
53 o. q2 o. IS 0.2.'\7 0.000 0.0

INTEGRAL IJ, I .. q2 I I .65 11. ll60 63 .. I 27
ERROR 2.69 0.95 003 10 5.316

ZOOPLANKTUN DRY wT 9 1.9 MG/M3
EXTINCTION COEF'F' 0.162 1M
INCIDENT IolADIA.TION 8. ~5 Cal cm- 2hr- l
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DATE 101 1167

DEPTH TEMP. SALINITY OXYGEN NIHlATE AMMONIA
METHES DEG.C 0100 G-A. T1M3 MG-AT/MJ MG-~T/M3

I 17.0 29 .. 436 O.S] 0.07
5 11.5 30.798 0.66 0.05

10 5.0 JI .202 0.66 0.12
15 •• 0 31 .. 458 o.6~ 0.51
25 -' .2 31.$11 0.6.1 0.76

"0 2.8 J I .6~~ 0·61 2.06
53 2.7 31 .. 768 0.00 l.ti2

INTEGRAL 1127.907 57.95
ERROR 0.118 3.5 I

DEPTH SIL1CATE I NO~G.PHOS TOTAL PHQ5 DIS.ORG.PHQS PART.PHOS
METRES MG-AT 1M] MG-AT/MJ MG-A, rIM.' MG-A.T/NJ MG-AT 1M3

I 2. /14 0019 0.39 0·20 0.216
5 2.27 0.2· 0 .. 41 0.23 0.239

10 1.16 O.Jb 0.55 0.19 0.1 b1

15 2.32 D.llS 0.70 0.25 0.1 5 I

25 3.72 0.62 0.89 0.27 o. !ti6
.0 a.II2 0.72 0.98 0.26 0.128
53 5.17 0.88 I .. 18 0.30 0.2"0

INTEGRAL 192.22 32.00 45.QO 111.00 9.797
ERROR 7 .. aD 1.54 2. III 0.6/ O. I ti I

DEPTH CHLOROPHYLL PHAEOI-'HY TIN PAR1.CARBON ... ROOUe T I ON SU~F.HADN

METRES HG/n3 MG/MJ GC/M3 MGC/M3/HR 0/0
.1 0.88 0 .. 21 0.239 12.1101 "5.7
S 0.88 0.116 0.290 5 .. J 71 46.3

10 0.33 0.24 O.2ull I. S 10 21 .. 'I

15 0.67 0.07 0.290 1.618 9.9
2S I.OS 0.00 0.327 2. I IS 2. I
.0 0 .. '7 0 .. III 0.268 I .. I 77 0.2
53 0.25 o. Itl 0.1125 0.000 0.0

1NTEGRAL ~8.21 7.69 16 .. 737 120.635
ERROR 3.53 0.57 0.288 10.667

ZOOPLANKTON DRY wT 7 I • I MG/M3
EXTINCTION COE" O.15l1 1M
INCIDENT RAOIATlON 11.25 Cal cm- 2hr-1



8S
DATE 111 7/67

DEPTH TEf'lP. SALINITY OXYGEN NIT~ATE AMMONIA

HETRES OEG.C 0/00 G-AT/MJ MG-AT/MJ MG-AT/MJ

I 17.0 2" .252 0.54 0.03

5 I I .5 30.670 0.61 0.05

10 9.2 .1J.860 0.61 0.02

15 7 • .1 30.92.1 0.63 0.00

25 3.2 J I .J1b 0.6.1 0 • .)4

"a 2.3 J 1.5&1 7 0.61 I .. 12

53 2.2 31.663 0.60 2 ••9

INTEGRAL 1115.580 52. 15

ERROR O. I I R J.tlO

DEPTH SILICATE I NO~G.PHOS lOT AL PHQ5 DIS.ORG.PHOS PART.PHOS

ME T~ES MG-AT IM.1 MG-,H 1M3 MG-AT/M.l M6-A1/M3 MG-AT/M3

1 2.13 0015 0.39 0.24 0.212

5 2.67 0.28 0.52 0.2" O. I 70

10 2.09 0.29 0.52 0.23 0.159

15 2.20 0.29 0."2 0 .. I J 00135

25 2 .. qq 0.48 0.58 O. 10 0.130

"a 6.04 0.73 0.69 0.00 0.126

53 I 1.27 1.00 1.15 0.15 . 00190

INTEGRAL 252.75 29.85 35.S5 6.30 .0127

ERROR 10.UO 1.49 1.61 0.28 0.132

DEPTH CHLOROPHYLL PHAEOPHYTIN PART.CARf\ON PROQUe T ION SURF' .HAON

METRES MGtM3 MGtM] Ge/M,) MGC/MJ/HR 0/0

I 1.11 0.00 0.315 10.391 tn.5

5 0. 3 8 C·2 4 0 ...154 I .. 235 51.4

10 0.50 o. ~o O.21fi 1.071 26."

15 0.58 O.Ov 0.2"2 0.596 13.6

25 0.67 o.]U 0.271 0.000 3.6

"0 0.38 0.01 0 •.156 0.078 0.5

53 0.21 0 .. 10 0.261 0.000 0.1

INTEGRAL 27.06 R.21 16.431 LU.152

ERROR 1.90 0.1<;' 0.291 5.524

ZOOPLANK TON ORY wT 6.1.8 MG/MJ

EXTINCTION COEFF O. I JJ 1M
cm- 2hr- 1

INCIDENT RADI AT I ON 15.37 Cal
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DATE 201 1161

DEPTH TEMP. SALINITY OXYGEN NITRATE AMMON IA
METRES OEG.C 0/00 G-AT/M3 MG-AT/HJ MG-AT 1M3

I 20.0 2tf.6JO 0.50 0.05
5 10.0 30.519 0.61 0.05

10 O.B 31. I tiB O.t:i6 0.09
15 1.6 3 • .305 0.69 0.72
25 3.5 31.489 0.61 1.62
00 2.5 J 1.642 0.61 1.98
53 2.5 31.681 0.58 2.99

INTEGRAL '721.037 16.60
ERROR O. 118 It _27

OEPTM SILICATE I NORC. PHDS TQrl\L PHOS 015.0RG.PM05 PART.PHOS
MEn~ES MG-A T1M3 MG-AT/H3 MG-A f IMJ MG-AT/M3 MG-AT/M3

1 2.19 0.13 0.38 0.25 0.222
5 1.86 0.22 0.S5 0.33 0.192

10 2.21 0.36 0.60 0.22 001 89
15 2.13 0.44 0.69 0.25 0.140
25 2.B5 0.55 0.B5 0.30 0.140
00 5.u.6 0.76 0.94 0.18 0.123
53 9.41 0.88 , .65 0.11 O. '30

INTEGRAL 236.20 31.50 4/i.Y7 11.47 ,8.080
ERROR 9.34 1.54 2.26 0.19 0.130

DEPTH CHLOROPHYLL PHAEOPHY TIN PART .CARRON PRODUC T I ON SURF.RADN
METRES MG/MJ Mr./MJ GC/MJ MGC/MJ/HR 0/0

I , .08 0.00 O.24ll 10.657 87.0
5 I. IS 0.00 0.41 I 5.329 49.9

'0 0.46 0.2' 0.25
'
1 1.274 21l .9

15 0.25 o. I ij 0.326 0.391 12.4
25 0.96 0.20 0.428 00152 3.1
00 0.29 o. 10 ·0.324 0.000 0.'
53 0.21 0.00 0.119 0.000 001

INTEGRAL .30.55 . 6.67 11. 932 64.5.30
ERROR 2.310 v. S9 0.326 1.675

ZOOPLANKTON "DRY WT 54.0 MG/MJ
EXTINCTION COEFF o. I 39 1M
INCIDENT IolI\DIATION 15.35 Cal cm- 2hr-1
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DATE 311 7/61

DEPTH TEMP. SALINITY OXYGEN NITRATE ANMON I A

ME TRES DEG .C 0100 G-AT/MJ MG-AT/MJ MG-AT/MJ
I 18.0 29.120 0.53 0.05
5 11.0 .10.035 0.60 0.06

10 1i.8 J 1.080 0.66 0·19

IS 3.7 31.20 I 0.66 0.61
25 2.6 31.355 0·66 1.80

'0 2.3 31. ace 0.60 2016
53 2.' 3 1.372 0.59 J .. 12

INTEGRAL 111 I .210 81&.25
ERROR 0. 111 .Q .61

DEPTH '5 III CATE 1NORG. PHOS TOTAL PHOS OIS.ORG.PHOS PAJolT .PHOS
METRES 1'16-41/1'1.1 MG-A T1M3 l'1G-AT/MJ MG-AT/M3 MG-AT/MJ

I 3.06 0018 0.50 0.32 0.209

5 2.65 0.26 0.50 0.2/& O. I 98

10 2.50 0.41 0.71 0030 001 '3
IS J .25 0.54 0 .. 77 0.23 O. I jJ

25 5.05 v.6iL 0.11 0.07 0.091

'0 8.48 0.68 I.OU. 0.36 0.239
53 10.52 0.93 I .. J I 0.313 O. ISO

INTEGRAL 328.05 :\3.02 47.J1 If~ .. 35 9.072
ERROR 13.24 1.55 2 .. 11 0.67 O. 171

DEPTH CHLORO~HYLL PHAEOPHYTIN PART .CARRON IoIROQUcr I ON SURF.HAON
ME T~ES MG/MJ MG!MJ GC/MJ MGC/MJ/HR 010

I 1.11 0.17 0.213 8.901 81.5, o.Q2 0.0" 0.266 ~.08J ~ I .. 2

10 0.38 0.36 0.295 0.633 l6.2
15 0.11 0.58 O.2BJ 0.508 13 .. q

25 O• .Q6 0.26 0.312 0.081 3.5
40 o,Ja 0.26 0.341 0.013 0.5

53 0.31 0.00 0.225 0.000 O. I

1NTEGRAL 28.26 I q. 00 1-'. I 72 5ti.005
ERROR 1.133 1.11 00309 6.851

ZOOI-'LANI<TON DRY wT 59.d MG/M3

EXTINCTION COEFF 0.134 1M
cm- 2hr-l

INCIDENT WADIATION B.44 Cal
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DATE 11 8/67

DEPTH TEMP. SALINITY OXYGEN NITRA.TE AMMONIA

METRES OEG.C 0/0~ G-"r/M3 MG-ATtN] MG-AT/H3

I 17 .. a 29.028 0.511 0.30

~ 10.0 31.010 0.66 OoJ5

10 5.8 31 .. 238 0.71 0.80

15 O.R 3 I oJ38 0.11 0.10

25 2.6 J 1.415 0.63 2.20

00 2.3 31.1) I 5 0.59 2.64

53 2.] 31 .. 616 O.Sq 3.24

J NTEGQAL 1124.017 103.15

ERROR o. 118 S.IU

DEPTH S I L I ell, TE 1 NORG .. PHOS- TOTA.L PHOS OIS.ORG.PHOS PAtH • Jo1HOS

METRES HG-AT 1M] MG-AT/H3 MG-AT 1M3 MG-AT/H] MG-AT/HJ
I 2.61 0.16 0.42 0.26 0.236

5 2.67 o. qll 0.75 0.31 0.151

Iv 2 .. aLi v.3S 0.5 I 0.16 0.115

IS 3.0R (J.Utl o.sa O. 10 0.149

25 5.81 0.69 0.84 0.15 0.111

00 10.11 0.9 11 I. 10 0.16 0.101

53 12.26 0.99 I .. 18 0.19 ,0.110

I NTEGRAt. 313.05 37.80 /17.25 9 .. as 1.635

ERROR 15.60 1.86 2.23 0.39 0.121

DEPTH CHLOROPHYLL PHAEOPHYT I N PART.CARRON I-'ROQUe T I ON SURF .NADN

METRES MG/M] MG/MJ GC/MJ MGC/MJ/HH 0/0

I 1.. Os 0.00 OoJ09 8.511 85.1

5 0.58 O.Oc. 0.261 2.J32 q6. J

'0 I .. 15 O• .'\2 0.310 I .933 21.0

I~ 1.69 0.';3 0.310 0.913 9.9

25 0 .. Ll2 O.2 u 0.203 o. 149 2. I

00 0.38 0.0.1 OoJ01 0.020 0.2

53 0 .. 42 0.00 0.256 0.000 0.0

I NTEG~AL 38.0 I 9.014 15.165 5 1.159

ERROR 2.61 O.RLl 0.26R 5.431

ZOOPLANKTUN DRY wT 12.2 MG/MJ
EXTINCTION COErr O. ISll 1M
INCIDENT WAD I AT I ON
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DATE 10 1 8/67

DEPTH TEMP. SALINITY OXYGEN NITRATE AMMONIA
ME TRES DEG.C oioo G-AT/H3 MG-AT/H3 MG-AT/H3

I 11.0 28.226 0.52 0.11
5 10.5 30.260 0.60 0.08

10 6.1 310161 0.68 0.15
15 0.8 J I .. 261l 0.68 v.18
25 3. I 31 .. 302 0.63 I .. 04

00 2.2 31.485 0.59 2 .. 81

53 2.2 31 .. 695 0.58 .3 .29
INTEGRAL 1113.412 82.60

ERROR v.118 5.06

DEPTH SILICATE I NORG .. PHQS TOTAL PHQS OIS.ORG.PHOS PAIH .PHOS

METRES MG-AT/M.l MG-AT/M.3 I1G-"1/113 HG-A.r/MJ MG- ... T/H3

I 3.93 Ci. I Q 0.28 O. II' 0.269

5 2.13 O.3 u 0.61 0.21 O. I ~S

10 3.60 0 •.19 0.56 0 .. I 7 O. "1
15 J .. 43 0. 44 0.6,\ 0.19 0.158

25 1i.16 0.59 0.78 0.19 00136

00 9.18 0·80 1.01 0.21 0.098
53 12.90 0.91 I .. 12 0.15 0.168

INTEGRAL .161.15 JJ.95 QIl.S7 10.62 7.917

ERROq 14.56 1.6U 2.09 0.46 00125

OEP I H CHLOROPHYLL PHAEOI-'HYTIN PAR r .CARRON I-IRODUCTION SURF.HADN
METRES HG/M] HGIM] GC/M3 MGC/MJ/HR 010

I o. q2 0.01 0.295 5.693 ts6.8

5 0.57 0.15 O. J5Q 1.103 09.2

10 0.58 0.33 0.309 O.Qq2 zu .2
15 0.15 O. BLl a.JIIl 0 .. 135 I I .. 9

25 0.79 0039 0.206 0.053 2.9
00 O. L1 2 O. I Q 0.213 0.000 0.3

53 v.2S O. I q 0.J1l9 0.000 O. I
INTEGRAL 32.22 16.69 I~. 295 26.632
ERROR 2.25 1.36 O.21l1 3.355

ZOOPLANKTON DRY wT 6ij.J MG/M3
EXTINCTION COEFF o. I ~2 1>1
INCIDENT IiAOIATION 6.91 Cal cm- 2hr-1
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DATE 211 8161

OEPfH TEMP. 5ALINITY OX YGEN NITHl\TE AMMUN I A.

METRES OEO.C 0/00 G-AT/MJ MG-AT 1M3 MG-A T 1M3

I 16.5 28.273 0.58 O. I q.

5 6.0 J 1.2118 0.70 0.09
10 4.7 J I .37~ 0.68 0.17

15 r.7 J 1.421 0.66 0.5 I

25 2.5 J 1.625 0.62 2.'13
40 2.4 3 I. 729 0.61 3.20

53 2.S J 1.168 0·61 .r. OS
INTEGRAL 1129.112 106.95
ERROR O. I I 9 6. I II

DEPTH ~SlLICATE I NORG. PHOS TOT AL PHOS OIS.ORG.PHOS PART .tJHOS

METRES I'1G-A1/1'13 MG-AT/HJ MG-AT 1M3 1"16-1\1/1'13 MG-,I\1/1'13

I 6.22 0.07 0.20 O. I 3 0.319
5 3.25 0.37 0.52 0./5 0.153

10 3.72 0. 4 6 a.ti6 0.20 o. I 76

15 J.q) 0.52 0.67 0.15 O. I 23
25 9.30 0.82 1.03 0.21 0.0/9

'0 10.75 0.77 1.0n 0.2Q 0.192
53 I I .39 0.8t1 1.11 0.27 0.1511

INTEGRAL ll42.8Q 30.32 48.52 12.2,) B.)tn
ERROR 11.62 1.74 2.30 0.57 o. I q7

OEPT4 CHLOROPHYLL PHA.EOI-'I-!YT I N PART .CARqQN pRQDUe T I ON SURF' .HAON

METRES MG/MJ MGtM] Ge/M) HGC/M,3/HR 0/0
I I d I Od' 0·324 17.67 I g8.4

5 0.63 O. 17 0.271 2.792 S4. I

10 0.58 0.511 0.373 0.914 29.2
15 0.63 0.36 0.309 0.678 15.6
25 0.29 0.27 0.227 0.095 ,.6
40 O. I 7 0.22 0.275 O. I 1111 0.7
53 0.25 O. 10 O.J r II 0.000 0.1

1NTEGRAL 22.05 14.31 15.665 11. I 40
ERROR 1.38 0.99 0.259 Y.J79

ZOOPLANKTUN ORy wT 72.1 MG/M3
EXTINCTION COEF'F 0.123 1M

cm- 2hr-1I NC I DENT· RAO 1AT I ON 28.61 Cal
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DATE 28/ 8/61

OEPTH TEMP. 5J\L I N I TV OX VGE:N JIll TR~ TE Af1MON I A

METHES OEG .C 0/00 G-AT/Hl MG-A TIM.' MG-AT/H3

1 15.6 29.360 0.51 0.13

5 10.6 :\0 .. a90 0.69 0.09

10 6.0 31.316 O.1J 0.23

15 " .0 31.397 0.79 0.89

25 2.9 J 1.661 0.15 3.01

'0 2.B 31.880 0.81 2·11

53 2.8 .12.0 4 6 o.A I 3 .. I II

IIIITEGRAL 17:U .. 21 5 " I • J2
ERROR O. 119 6 .. 12

DEPTH SILICIdE 1NORG .. PHOS TOT AL PHOS OIS.ORG.PHOS P.I\RT .PHOS

ME TRES MG-A T1M3 MG-AT 1M3 MG-AT/H) MG-AT/H) MG-A T 1M3

1 2.01 0.02 0.08 0.06 0 •• 32

5 2.44 0.10 O. I I 0.0 I 0.412

10 4.18 O. lle 0.37 0.00 0.11:50

15 9.12 0.43 0.5'; O. I J 0.158

25 4.11l (;.7S 0.61 0.00 O. 102

'0 9.24 0.12 0.71 0.00 0.098

53 7 .. q9 0·80 O.R' 0.0 I 0.1 36

I NTEGRA1. 358.82 31.95 J 1.90 I .. 25 l:5.9!:10

ERROR I ij .04 1.50 I .. 56 0·10 a.llll

DEPTH CHLOROPHVLL PHAEOPHYTIN PART .. C,ARRON ~ROOUC r I ON SURF .RAON

METHES MG/M) HG/MJ GC/MJ MGC/M3/H~ 0/0

1 I .. I 9 0.60 0.1126 19.438 88.8

5 0 .. 1I6 0_17 0.299 1.2!1B 55.2

10 0.50 1.0] 0.:;83 I .. 359 30· q

15 0.63 G. I 5 00309 0.52 , II;' B

25 0.33 Co ~ I 7 O.3116 0.095 ".1

'0 0.1+2 O·2u 0.390 0.019 0.9

53 0.25 O. I U O~S93 0.000 0.2

INTEGRAL 24.76 15.,1:\ I 22. q 15 ~7 .91 0

ERROR 1.62 1.11 O~ 379 12.230

ZOOPLANK TON DRY .T 15.d MG/M3
EXTINCTION COEI="F O. 119 /M

INCIUENT I;AD I AT I ON 16.58 Cal cm- 2hr-1
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DATE 51 9/61

DEPTH TEMP. SAL I N I TY OXYGEN NITRATE AMMON I A

METRES DEG .C 0100 G-AT/M) MG-AT 1M3 MG-'" T1M3

I 6.9 .11.260 0.62 0.65
5 6.9 31.283 0.62 0.73

10 5.0 31.343 0.63 1.54

15 4.6 31.402 0.62 1.60

25 3.0 .11.739 O.S~ 2.14
40 2.9 J 1.890 0.63 3. I I

53 2.9 32.091 0.58 J .83
INTEGRAL 11112.610 134.60
ERROR o. 119 6.63

DEPTH SILICATE I NORG.PHOS TOTAL PHQS DIS.ORG.PHOS PART .PHOS

METRES MG-AT/MJ MG-AT 1M3 HG-AT 1M3 MG-A T1M3 MG-AT/MJ
I 4.30 0.41 0.48 0.01 0.200
S 3.31 0.43 0.35 0.00 0.201

Ie 5.64 0.56 1).64 a.OR 0.1 82
15 6.22 0.62 0.66 o. 04 o. I 14

25 9.30 0.82 0.71 0.00 0.108
40 6.14 0.66 0.11 0.05 O. 108
53 9.18 0.62 a.d8 0.06 0.194

INTEGRAL 388.65 36.92 31.91 2.08 8 .. 175

ERROR I II .28 1.66 1.10 o. 10 0.129

OEPTH CHLOROPHYLL PHAEOPHYT I N PART .. CARRON PRODue T' O~ SURF' .RAON
MEHIES MG/M.l MG/MJ GC/M3 MGC/M3/HIof 010

I 0.21 0.31 0.443 3.422 89.1l
S 0.61 0.15 0.380 3.512 ':J7 .. I

10 0.58 0.35 0.503 1.589 32.6
15 0.42 0 .. 43 0 • .14 I I .. 355 18.6
25 003' 0.15 0 .. q43 o. I JII 6.1
40 0.11 0.14 0.699 0.013 1.1
53 0.25 0.22 0.462 0.000 0.03

INTEGRAL IB.gS 12.0. 21.561 q6.Q92
ERROR 1.25 0.80 0.522 q .6q4

ZOOPlANK TUN DRY WT 59.1 MG/MJ
EXTINCTION COEFF 0.112 1M
INCIDENT HAD rAT I ON 9.99 Cal cm- 2hr-1
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DATE III 9/67

DEPTH TEMP. SALINITY QXYG,::N NITRA.TE AMMON I A

HET~ES OEG .C 0/00 G-AT/Mol MG-A T1M3 ~G-AI/HJ

I 7.8 30.598 0.62 0.57

5 7.7 30.809 0.61 0.63

10 6.0 31.520 0.62 1.85

15 3.0 31.162 0.6.3 2.63
25 3.0 31.938 0.62 2.55

'0 2.' 32.019 0.59 2.86

53 2, •• J 1.972 o. ';7 2.51!

I NTEGIUl 1111S.655 128.1l2

ERROR 0.1 20 6.12

DEPTH S I L J'CATE I NORG.PHQS TOTAL PHOS OIS.ORG.PHOS PART .PHOS

METRE5 HG-A T1113 MG-AT/H] MG-A r1M3 NfI-AT/H] MG-AT 1M3

I Ii .94 o. Uq 0.63 a.19 o. 156

5 ll.59 a.IlS 0.19 O.3lJ O.lti2

10 6.10 0.66 0.62 0.00 0.125

15 1.114 0.63 0.14 O. I I 0.106

25 S.87 0.66 a. II 0.05 0.109

'0 6.27 O.611 0.90 0.26 0.070

53 6 .. I 0 0.83 0.90 0.01 O. I 1&3

INTEGRAL 334.17 35.45 U] .30 8.05 6.165

ERROR I 1.61 I.SIl 1.91 0.44 0.099

DEPTH CHLOROPHYLL PHAEOPHyTIN PART .CARRON PRODue T I ON SURF' .HAON

METRES MGIM) MG/M.) GC/N3 MGC/MJ/HR 0/0

I I .. 36 0.00 0.2AB 8 .. 216 89.7

5 I .. 73 0.00 O.321l 1.567 58.0

10 1.06 0.00 O. I .~5 I .. 78q 33.8

IS 0.67 0.30 0.286 o.sss 19.5

25 0.29 0.31 0.307 0.000 6.6

.0 0.21 0.16 0.300 0.000 1.3

53 0.25 0.18 0.273 0.000 0.3

INTEGRAL 3 1.02 9.11 15.5115 7 I .1182

ERROR 2.06 0.83 0.275 8.833

ZOO .... LANKTON DRY WT ;\4.H MG/M3
EXTINCTION COEFF 0.109 1M

INCIUENT HAD I AT I UN 27.88 cal·cm-2 hr-1
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OATE 181 9/67

DEPTH TEMP. SA.L I NIT V Ox 'fGEN N ITRA. fF. AMMON I A

METRES OEG.C 0/00 6-.6..T/M.'\ MG-ATtH) MG-AT 1M3

I 12. /I 30.S 17 0.61 0.2" 0.22

5 10.3 31.059 0.64 0.25 0.33

10 10.8 .J 1.360 0.61 0019 O.IH

"
10.2 ., 1.435 O.b2 0.31 0.30

25 9.2 J 1.509 0.63 0.25 0.63

"0 3.0 J 1.942 0.62 2.87 0.lI6

53 2.9 32.031 0.00 3.80 O./ltj

INTEGRAL 1131.315 19.80 lq.12

ERROR o. 119 S. I R 1.0/1

DEPTH SILICATE I NO~G .PHQS TorA.L PHOS OIS.QRG.PHQS PART .PHQS

ME TnES MG-AT 1M3 MG-A r 1M3 I'1G-I\I/M3 MG-AT/H] MG-AT/H]

I 3.08 0.32 o.llg O. I 7 0.227

5 2.27 O• .lJ 0.62 0.29 0.285

'0 2.27 0.33 0.57 0.24 0.2:>4

"
2.03 C.]] 0.56 0.23 0.193

25 2.03 0.33 0.52 0.19 0.235

"0 6.97 ().79 0.98 0.19 O. I ~6

53 9.01 0.87 1.04 O. I 7 0.206
INTEGRAL 243_ 12 29.07 /10. J 7 I 1.30 I I .532

ERROR 10 • .14 1.1l6 1.69 o.ln o. I yo

DEPTH CHLOROPHYLL PHAEOPHYT I N PART .CARRON "'ROQUe T I OPII SlJ~F .HAON

MET~ES I1Gn13 i'1G/M3 GC/I'1J MGC/M3/HR 0/0
I 0.63 0.09 O ...H~S 5.271 86.3
5 0.90 0.20 0.'0 I 2.576 48.0

10 1.11 0.03 0 .. 41 I 5.899 23.0

I' 1.11 0.25 0.350 I .. 8t;S I 1.0

25 1.48 0.02 O.. ll-1l5 Q.JlaJ 2.5

"0 0.67 0.28 0.365 o. OLIO 0.3

53 0.21 0.39 0 .. 460 0.000 0.0

INTEGRAL 49.94 10.71 22.635 74.292

ERROR 3.8' 0.89 0.]82 1.531

ZOOPLANK TUN DRY wT q I .. S MG/MJ
EXTINCTION COEFF O. I U7 1M
INCIDENT ~ADIATION 27.78 Cal cm- 2hr-1



9S
DA T£ 251 9/67

DEPTH TEMP. SALINITy OXYGEN NITRATE AMMONIA
METRES DEG .c 0/00 G-Ar/MJ MG-AT/MJ MG-o\T/MJ, 14.6 30.939 0.511 0.33 O. Ilti

5 14.6 Jv. 956 0·511 O. 1'1 0.20
10 14.7 J 1.069 0.54 O. I 9 0.16
IS IQ.5 J 1.076 a.su 0·48 0.30
25 14.2 .J 1.128 0.54 0.511 0.30
'0 10.0 31.151 0.55 0.22 1.11
53 2.• 5 J 1.539 0.61 o. S9 0.30

INTEGRAL 1113.450 20.10 .10.85
ERROR O. I 1'1 0.96 1.61

DEPTH SILICATE JNQWG. PHO~ TOTAL PHQS OIS.QRG.PHOS PART .PHQS
METRES HG-AT/MJ I'1G-1\1/M3 MG-AT/M3 MG-I\T/M3 MG-AT/MJ, 2.50 0.3/ 0.50 O. I 9 0.214

5 2.19 0·30 0.61 0.31 0.259
, 0 2.09 0·28 0.52 0.2/1 O.3J4
, 5 1.86 0.28 0.51 0.23 0.221
2~ 2.56 0·26 0.56 0·28 0.190

'0 2.56 0.30 0.52 0.22 0.142
53 .1.66 0.56 O. 7~ 0.23 '0. I IS

I NTE:GRAL 11l2. tiS 17.97 J I .IlS I J. II 7 I I • 170
ERROR 4.92 0.17 1.33 0.56 o. na

lJEPTH CHLOROPHYLL PHAEOI-lHYT I N PART .CARRON ,",ROQUCT I ON SURF" .HAON

METRES MG/MJ MG/MJ GC/MJ MGC!M)/HR 010, ,.23 0.5' o.lIa ll 9.3116 83.5
5 1.27 0.29 0.522 9.291.1 110.7

, 0 ,.3' 0.04 o • .3g0 lI.til9 10.5

'5 1.23 0.12 0.2Q5 J. LiO] 6.1
25 0.98 0.35 0.322 o.09Q ,.,
40 0.8' 0.19 0.1102 0.000 0.'
53 0.38 0.22 O.IUI 0.000 0.0

INTEGRAL 52.50 12.65 2' .270 120.690
ERROR 3.52 0.93 0.358 12.552

ZOOPLA.NKTON DRY wT
EXT INCr ION COEF'F' G. r80 rn

cm- 2hr-1INCIDENT HADIATION 17.64 Cal
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DATE 2/10/61

DEPTH TEMP. SALINITY 0--: YGEN NITI-lATE AMMON lA

METRES OEG.C 0100 G-AT/M' MG-b.T/MJ MG-AT/MJ

I I u.5 :to .oR37 0.':)5 0.14 0.18

5 I u.6 30.786 0.:)5 1).18 O.11:i

10 I ij.2 JO.150 0.5."3 0.18 0.18

15 10.0 .l1 •.i23 O.~6 1.0 I 0.20

25 0.' 31 .. 656 0.0] 2 .. 70 0.59

00 0.5 32.042 0.56 4.39 O.4b

53 3.6 32 .. 176 0.57 q .85 O. 3~

INTEGRAL 11.11.,45 lu6.u5 2,).65

EQROR v. I I 9 8. J I ,).96

DEP1Y SILICATE I NOt?r,.Pt-tOS TOT AiL ~HOS DIS.ORG.PHOS PART.IJHOS

METRES HG-.I\T/M.l MG-t\T/Ml MG-AI/M'\ Mr,-AI/MJ MG-AT 1M3

I 2.85 1).28 0.55 0.27 0.11:)8, 2.85 O. ~B 0.52 o.2q 0 .. I 36

10 2.q I Coo)1 0.52 0.21 O. I q I

15 u .. 36 O.su O.oJ 0.09 o. 132

25 d .25 0.84 I.OJ O. I 9 00122

00 g .. 12 ().~6 1.:}1 0.21 O. 105

5:> 9.76 0.91 1.11 0.20 O. I ~O

INTEGRAL :Hil.75 37.92 48.55 10.63 7.020

ERROR 15.23 1.86 2.30 0 .. 46 O. I I q

DEPTH CHLOROPHYLL PHAEOI-'HYTIN PART .CARRON ... ROOUC T' ON SUf.lF .WADN

METRES MG/11J MG/M3 GC/M:\ MGC/M)/HQ 010

I 0.S8 0.31 0·256 1$.011 H7.5

5 0.96 0.22 0.),16 2.216 51. ij

10 1.23 0.10 0.3011 I • ~68 2t:i.ij

15 0.63 0.13 0.20] 0.92" 13.6

2' 0.25 0.22 00310 0.229 3.6

00 0.13 0 •. 1& 0.5U2 0.060 0.5

53 0.17 0.24 O.:HH 0.000 O. I

INTEGRb.L 211.09 10.30 19.070 44. 185

ERROR 1.62 0.1. 0.3~A u.2'31

ZOOPLANKTON DRY WT 2u .9 MG/M3

~XTINCTION CDE,F O. 133 1M
INCIDENT ~ADIATION 12.48 Cal cm-~hr-l
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DATE 10/10/67

DEPTH TEMP .. SALINITY OXYGEN NIT~ATE AMMON I A
METRES DEC, .C 0100 G-AT/M] MG-AT 1M) MG-.o.T/MJ

I I I .. 0 .10.411 0.57 0.21 O.7t1
5 11.0 30. RRIl 0.5" 0.09 0.22

Iv 10.2 .11.072 0.59 0.18 O.9ts
15 9.2 ] I .JOO 0.59 1.2J 0.40
2' 5.' J I .. 61 0 0 .. 57 ).92 I .. I ~

'0 J.8 32 .. I ell O.SIi 6.98 0.16
5J 4.2 J? .. 127 0.56 1.73 O.2Q

INTEGRAL 11.18.210 222.77 38.'IZ
ERROR 0.119 12.97 I .. 7':>

DEPTH SILICATE I NORG. PHQS TOT AL PHOS OIS.ORG.PHOS PART .. tJHOS
METRES MG-AT/I'1J 116-.0.111'13 MG-A r 1M3 Mr.-AT/M.) MG-AT/H.)

I J .. I ij 0.35 0.112 0.07 0.195
5 3.31 0.34 0.72 ().3~ 0.276

/0 .) .83 0.37 0.51 0 .. I /I 0.202
IS II. S9 0.46 0.60 1).111 o. I u8
25 5.69 0.72 1·01 0.29 o. 109

'0 7.32 (,I .B8 I .. 10 0.22 oj. I H2
53 7.20 (). 9) 1.05 0 .. I 2 O. I 72

INTEGRAL J 12 .90 J 7 .05 UH.1Q I I .. 65 10.420
ERROR I I .84 I .. RO 2. J I 0.55 O. 173

OEP TH CHLOROPHYLL PHA[OPHYTIN PART .CARRON ... ROQUe T I ON SURF.HADN
METRES MG/I'13 HG/N.) GC/N) MGC/MJ/HQ 0/0

I 2.17 U .Og O. I 23 4.782 81.1, ~. S5 0.00 0.278 1.622 35.0
10 2.23 0·0 ' O.2IR 1.279 12.2
15 1.17 O.11'i 0.21)6 0.3Q9 •• 3
2~ 0.771 0·.16 O. I 8t1 0.086 0.5
'0 0.17 .). I 2 O. I 36 o .OAO 0.0
'3 o. I 7 0.28 0.20 I 0.000 0.0

INTEGQAL 65.7t1 7.;;5 I I .305 31.352
ERROR ~.91 v· Sg O. I fig 3.219

ZOOPLANKTON DRY W7 36. I MG/M3
EXTINCTION COHF 0.210 1M
INCIDENT RADIATION
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DATE 16/10/61

DEPTH TEMP. SALINITY OX YGEN NTTR"TE AMMON I A

MET~ES OEG.C 0/00 r,-l\ riM] MG-A.r/MJ MG-"1/M3

I ".0 29.1Q9 0.58 0.06 0.06

5 8.9 ]O0309 o.s~ 0.18 0.43

10 8.1 30·818 0.57 0.46 0.56

15 R.2 30.856 0.50:; 1.02 0.93

25 5.6 "' I .. .l3c; a.Sf) 2.92 0.55

_0 3.5 31.820 O.SFi lI.83 . 0.56

53 1,.6 12.230 o.'5l1 ~.78 O.1b

INTEGRAL 1722.265 IM';.80 33.0S

ERROR 0.113 10. 4 8 1.31

DEPTH SILICATE INORG.PHOS TOTAL DHOS DIS.ORG.PHOS PART .PHOS

ME fHES MG-AT 1M.' 11r,-Af/MJ MG-AT/MJ MG-AT/MJ MG-AT 1M3

I (1.117 C.32 0.41 0.15 0.262

5 ij .. 07 0.31 o.4a Q. I I 0.2_5

10 3 .. a9 O. '12 0.51 0.09 0.212

15 u .59 O·lIS 0.62 0.11 O·11:S6

25 5.28 0.62 0 .. 77 0015 O.ltH

_0 6.01.1 ,j.19 0.92 0.13 0.132

53 8.17 I.OS I .. I 2 0.01 0.20_

I NTEG~AL 30S.17 35.6c. 02. tiO 1.00 9.8~5

ERROR 11.00 1.68 1.97 0031 O. I ~1

DEPTH CHLOROPHYLL PHAEOPHY TIN PART .. CARRON ... RODUe T I ON , SURF .. HAON

MEr~ES MG/M3 MG/MJ GC/"13 MGC/MJ/HI~ 010

1 2 .. IS 0.00 0. 11 62 8.599 ~2. I

5 2. uo 0.00 o. ij 75 7 .~59 31.3

10 1.85 O.2ij Q.ij6l/ 2.437 13.9

15 1 • .;5 0.01 Q.3qu 0.612 5.2

25 0.88 ~.Og 0.310 O. I 20 0.1

_0 o. Ll.6 0.01 0.342 O.Ou6 0.0

53 0.50 0.10 0.1102 0.000 0.0

INTEGRAL 57.35 u.58 21.:' 7S 18.707

ERROR 3.07 0.3u 00353 9 .OCJ3

ZOOPLANKTON DR' wT 30.3 MG/M3
EXTINCTION COEF'F 0.191 1M
INCIDENT RAU 1AT JON
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nATE 23/10/67

DEPTH TEMP. :iALlNITV OXYGF:N NITRATE AtiMON I A

METRES DEG .C 0/00 G-AT/MJ NG-AT/MJ MG-AT/MJ

I II. II 30. 4 32 O.tjq OoJ3 1.02

5 11.(1 30. 11 31 O.Sq 0.29 O.StS

10 9.0 11.15/& o .5ij 2.06 0.9'

"
7.7 J 1.119 'J.04 ).20 O.I:f~

25 6.0 31.699 O.DO 5.11 0.74

40 4.9 31.946 0.58 5.58 0.31

53 ~ .8 J,l.QSO 0.58 5.61& O./fl
INTEGRAL 17:17.100 229.IJS J4. I ~

ERROR O. I 19 I 1.81 1.2ti

DEPTH SILICATE I NORG. PH05 TOT A.L PHQS OIS.QRG.PHQS PART .PMOS

METRES MG-AT/H] MG-A1/M3 MG-Ar/M'l MG-A,r/MJ MG-AT 11'13, 4.112 u.JS 0.51 0.16 O. I ~1

5 a.13 O.JA 0.5' O. I 7 0.141

10 4.36 0.54 0.66 0.12 O. I bQ

'5 4.211 0.56 o.lQ 0.23 O. 133

25 5.46 0.73 0.90 0.17 O. I 48

40 fl o 6S 0.80 0.81 0.01 O. '29

53 1.61 , .05 1.\)9 0.04 0.208

INTEGRAL 280.82 38. Ifl 1,j~.S.? 7.05 8.240

ERROR 9.7S 1.18 2.04 0.32 O. 138

IJEI-lTH CHLOROPHyLL PHAEOPHYT I N PART .CAIolRON I-IROQUC T 1ON SUWF .kAON

METRES MG/NJ MG/MJ GC/MJ MGC/MJ/HR 0/0, 0.96 0.00 0.3:\11 5.442 1:15.6

5 0.83 0.00 0.316 2.115 '15.8

'0 0.63 0.05 0.316 1.125 2' .0

15 0.54 0.06 0.321 0.411 9 ••

25 0.29 0.00 O.JQR 0.0 ,5 2.0
40 0.33 0.0 I O.,~ t 6 0.0'19 0.2

53 0.38 o .OJ 0.365 0.000 0.0

INTEGRAL 25.23 I.IO!! I H.O:~O 36.855

ERROR , .57 0.09 0.303 iJ.056

ZOOI-"LA,NKTON DR' wT 26.5 MG/MJ

EXTINCTION COEFF 0.156 1M

INC J DEN T IoIAOIATION
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nATE 30/10/61

DEPTH TEMP. SA-LINITY OXYGEN NITRATE AMMON I A

METRES DEG.C oioo G-Ar/MJ MG-AT/MJ MG-AT 1M3, 10.6 .10.280 0.61 0.36 0 .. 54

S 10.S 30.238 0.64 0036 0.54

10 10.S 30.208 0.10 0.41 0.8S

IS 10.2 30 .. 352 0.68 0.61 0.52

2S 7.0 31.547 0.00 3.90 1.02

00 S.o 31.916 o. ti~ 6.28 0.67

53 4•• 5 .12.05" 0.S9 6.34 O.4l:J

I NTEGqAL 1719.952 199.82 38. 6 0

ERROR O. I 18 I I .. 64 1.61

OEPTH SILICATE I NOqG.PHOS TQrA.L PHQ5 DIS.ORG.PHOS PA~T .PHOS

METRES f'1G-AT IMJ MG-A,T/MJ 1'16-A111'13 HG-A T1M3 MG-AT/M3, 5.34 U.J5 a.qC} 0 .. I /I 0.248

5 5.29 0.33 0.63 0030 0.236

10 q .AB 0.3S 0·5A 0.23 0.24 I
IS 5.29 O.3S 0.57 0.22 0.222
25 8.83 (,.7 Q 0.99 0.2S 0.125

00 12 .. 14 0.88 I .. 33 0.45 0.'92
53 13.60 1.0 I 1.39 0038 0.244

INTEGRAL 498.35 36.92 54.30 17.31 10.902

ERROR 19. lIO I.A2 2.64 0.84 0.119

DEPTH CHLOROPHYLL I-'HA.EUI-'HYT I N· PART .CARI=iON ,",Rocue T 1ON SURF .HAON

METRES MG/MJ MG/M3 GC/HJ MGC/MJ/HR 0/0

I 4.55 0.00 0.498 15.614 16.6
;; 4 .. gil c.oo 0.545 4 .. 756 26.3

10 II. I J 0.00 o. ti25 o. Y70 6.9

IS ij. 1:\ 0.00 o. ti 72 o.27S 1.8
2S o. SO 0.1'1 0.321 O. 100 001
00 0.11 0.20 o. .191 o.Oti5 0.0

53 0.2S 0.22 0.386 0.000 0.0
INTEGRAL 9R.J2 6.'Q 22. ti97 11.802
ERROR 7.46 0.65 0037 I 9.232

ZOOPlANK TUN DRY WT 16.5 MG/MJ
EXT INCT ION COEFF 0.267 1M

INCIDENT RAO I AT I ON



DATE 6/11/67
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DEPTH
METHES

I
5

10
15
25
00
53

INTEGRAL
ERROR

DEPTH
ME T~F.S

I
5

10
15
25
00
53

I NTEGR"L
ER/O/OQ

TEMP.
OEG.C
II.S
I I .2
I' .5
11.6
11.1
ijd

5.d

SILICATE"
MG-A T IM.l

3.2S
2.90
3.37
2.50
2.90
8 • .l1

12.90
315.87

13. I R

SALINITY
vlOCi

Ju.696
10.657
JO.9ts5
11. 1"9
.H .12"
11 .":~O

32.IIC
1719.892

:). I 18

I NOtlG .PHOS
MG-AT 1M3

ij.29
0.26
J.29
0.23
0.26
0.70
1.03

26.92
1.38

Ox VGEN
G-AT/M]

O.'il
0.00
O.rill
O.lil
0.57
o.S~

0.58

TOT AL PHOS
MG-AT/M.l

0.';2
0.55
0.52
0036
O.uu
0.93
1.20

37.95
1.82

NI TlHTE
MG-AT 1M3

0·08
0.09
O·211
0031
0.31
3. u9
7. I Q

I 13.65
7 .~8

OIS.ORG.PHOS
MG-AT/MJ

" .23
O.2Q
0.23
O. 15
0.16
0.23
O. I 7

I I .02
o. u7

AMMONIA
MG-AT/MJ

O.~J

0.59
0.14
0.67
0.16
0.9ts
J.37

39.72
1.71

PART .... HOS
MG-AT 1M3

0.302
0.2tiS
0.156
O. I UO
O. I IfJ
0.146
0.248
g.1111
0.157

DEPTH
METRES

I
5

10
15
25
00
53

1NTEGRAL
El-lROR

CHLOROPHYLL
MG/M3

2.09
2.36
I. H>
l.v6
(Jeri3
0.54
(,).33

S2.FiI
3.42

PHAEOPHVT I N
MG/M3

0.12
0,.16
0.32
0.30
(,). ~ I
{).23
0.19

I ~. 93
1.11

PART .CI\RRON
Gel"'3
O. llB']

0.1l36
0 •.:B7
O.J1A
o.32Q
0.329
0.373

11).7<;2
00325

"'ROOUC T I ON
MGC/M3/HR

13.567
10.116
3.059
I.S32
0.267

" .058
0.000,

I 15.790
12.833

suRF .HADN
010

~3. tI

~O.J

16.2
6.5
1.1
0.1
0.0

ZOOPL"NKTUN ORV WT
EXTINCTION COEFF
INCIDENT l-lAlJIATION

22.a MG/M3
0.182 1M

22.32 Cal cm- 2hr- l
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1)ATE 8/12/67

DEPTH TEMP. SALINITY OXYGEN N!TWArE AMMON I A.

ME TRES UEG .C 0/00 G-A TIM] "'6-"1/1'1) MG-AT 1M3

I .. ' .lG.305 0.65 .3 .19 O. q~

5 '1.5 30. qij.l 0.64 J.8tS 0.52

10 0.6 J.,). H65 0.64 3.36 0.89

I' 5.' ].,).894 0.64 4.all 0.63
25 5.1 j r .21 R O.lil 'S. I 0 0.70

00 5.1 31.S.lJ Q.ov 5.7 J 0.83

53 S.O J 1.611 0.57 6.52 0.16
IN TEc;RAL 171'5.955 275.22 ~O.62

EUIWR O. 118 12.119 1.63

DEPTH S I L teA. TF.: I NOI'tG. PH05 TOTAL PHOS OIS.QWG.PHOS PA~ r. PHOS

ME TRES MG-AT/M.l M6-A1/M) MG-Al/MJ MG-AT/M) MG-AT/MJ

I 8.13 J .57 0.81 0.24 ol. I b8

5 7.67 G.sq 0.7", 0.22 0.189

10 7.09 0.56 0.70 O. I q O. I J I

I> 6 •.19 0.54 o. 7~ 0.20 O.13fJ

25 7. 03 0.65 o. A~ 0.23 0.20 I
00 ~ .. I J 0.69 r.VO 0.31 O. "3
53 IO.31l 0.95 I .. 1.42 0.41 0.125

INTEGRAL 429.112 30.51 5 1.52 14.95 8 .. 170

ERROR lij.76 1.60 2.28 0.66 o. I 42

DEPTH CHLOh'QPHVLL PHAEOPHY TIN PART .CAR~ON ""ROOUC TI ON SU~F' .kADN
METI-(ES MG/J'13 MG/M3 GC/MJ MGC/MJ/HR 010

I .2.11 0.00 0.300 6.l:la~ ts3.4, 2.1 I O.Ol 0.360 6.~ij I ijO.3

10 0.~3 0.10 0.310 0.323 16.2

15 0.11 0.22 o .3U 1 v.05/l 6.S

25 0.50 O. 10 0.355 0.03 I 1.1
00 0.38 0.13 0.269 0.000 0.1

53 0.33 0.11 0.347 0.000 0.0
INTEGqAL 39.67 6.70 11.117 51.567
ERROR l.59 0.50 0.299 7.942

ZOOPLA.NKTON ORY wr I '::I.R MG/M3
EXTINCTION COEFF Q.11j2 1M
INCIDENT Hi\OIATION
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Species list and periods of occurrence of

zooplankton organisms in St. Margaret I 5

Bay 1967.

This list was compiled by the Canadian Oceanographic

Identification Centre after examination of samples collected at

Station A. As emphasised elsewhere, the list refers to only

organisms vulnerable to vertical tows made by a 366 ... mesh net,

diamter O.Sm.
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Species List and Limits of Periods of Occurrence of Zooplankton

Organisms in St. Margaret I 5 Bay, January 7th to December 8th, 1967

Species J M A M J J A SON D

+ r r a +
+ r + a +

s s s ass s s s s s s
r

r r r + r + + r
r r r r r r r r r r r

r r r r r
r

r r r
r + a + a r r

r
r r r

+ a + r r + + r -
a r' + r a a + + r r

r r
r r r r

r + 5 5 5 5 5 +

r - a a a
+ a a r

IIYIJIlm4EOUSAE
Ag 1"ntha digi tale (0. F. Muller)
Euphysa aurata Forbes
Euphysa flarnmea (Linko)
Euphysa tentaculata Linko
lIyhacodon proli fer L. Ag ass i z
Oltc I ia spp.
Sar:-;ia sp. (damaged)
Ti:ITOpsis multiciTTata (M. Sars)
S 1I'1I0NOPIIORA
.'Janomia sp.
CTENOI'II0RA
Be roc cucumis Fabriciu~?(j un)
I'lcurobrachia pileus Vanhoffen
l'OI.YCIiAETA
!\ulo)ytus sp. (jun)
Nercis sp. (jun)
'l'oliloptcris hclgolandica Greeff
CI.AIXJCEllA
EV;l(lne non]manni Loven
Podoll lcuckarti G. O. Sars
Podoll polyphcmoides Leuckart
OSTIlACOIJA
C:ollchoccia haddoni Brady & Norman
t'll j t ;HllCdcs globosus (Lillj eborg)
<:01'1:1"'01)/\
11;111plii (unidentified)
11:1 rpact icus chelifer (Muller)
~licrostella norvegica (Boeck)
law; sp.
OitllOllU similis Claus
()itllona spinirostris Claus
AL':J rtia longi remis (Lillj eborg)
All01lwloccra patcrsoni Templeton
Cal ;lllUS finmn Tchicus (Gunner)
C;, I ;IIlUS hypc rboreus Kr~yer

C:lnd:lcia a rmata (Boeck)
Cilltiacia bipinnata Giesbrecht
Cl'nt r-opagcs hamatus (Lilljeborg)
(:l'lll ropagcs typicus Kr_yer
1:,lIrytcmora herelmani Thompson & Scott
f'.lt't l-idi" longa (Lubbock)
let l-iJia luccns Boeck
kt !'ioia sp. jun.

1':-:l'utlOG1Lanus minutus (Kr,lyer)
S~tllccitllricclla minor G. O. Sars

r
r

r r r-

r
+ +

r
+ + 5

555

+ r
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Species J F M A M J J A SON D

sss+ssssssss
r+++ a+a s

rrrrrrr+
r r r r r -

T

r + r - r r r

+ r r r + + r a - a
T T

+ r T r
a 's

T a T T T

T a a + + T - T

T T + T T T T

T

T T

T T

T + T

+ +
+ + T

r r r r r r

a a a a + a + a a a +

T T T a T
+

a a + T + T T T

+ T r r r r r r a +

T r
r +

a
a
T

r T T + T r r +
r T T r r

r r r r T
r - r r r

r T r + r r r
T T

Temora longicornis Muller
Tortanus discaudatus (Thompson & Scott)
CIRRIPEDIA
nauplii (unidentified)
cypris (unidentified)
ISOPODA
microniscid epic3rids (unidentified)
IIYPERIID AMPHIPODA
Hyperoche medusa rum (Krpyer)
Parathemisto sp. (juv.)
EUPHAUSIACEA
nauplii (unidentified)
calytopis (unidentified)
furcilia (unidenti fied)
Thysanoessa inermis (Kr,syer)
Thysanoessa raschii (M. Sars)
DECAPODA
c3ridean zoe a (unidentified)
pagurid zoea (unidentified)
anomuran larvae
brachyuran zoea
MOLLUSCA
bivalve larvae or juv.
Littorina floating capsule
veliger

*Spiratella helicina (Phipps)?
*Spiratella rctroversa (Fleming)?
Clione limacina (Phipps)
gymnosome j uv. (unidentified)
CIIAETOGNATHA
Sagitta elegans Verrill
APPENDl CULARIA
Fritillaria borealis Lohmann
Oikopleura dioica Fol
Oikopleura labradoriensis Lohmann
Oikopleura sp. (dmg, unidentified)
ECHINODERMATA (unidentified)
ophiopluteus
ecninopluteus
bipinnaria
brachiolarian
asteriod juv.
PISCES (unidentified)
eggs
larvae

"r"
"+ "
"a"
"s".

not present in the sample
number of specimens present in the sample, 1-5
number of specimens present in the sample, 6-50
number of specimens present in the sample, 51-200
number of specimens present in the sample, over 200
specimens decalcified, identification uncertain
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APPENDIX III Data collected at nine stations in St.

Margaret I 5 Bay during the autumn bloom

1967.

The locations of the stations are shown in Fig. 15. The

error of the integral is twice the standard deviation evaluated as

described on page 10.
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wEEK I
CHLOROPHYLL MMG-AT/L

5TN I 5 TN2 51"0 5 PilI SlN5 S TN!=) STN7 SlN8 5 TN9

0.563 O. ~.ltl 0·313 1.230 0.661 0.834 1.230 0,834 0.876

0.813 O.R.ltl 0.918 5.818 0,561 v,417 1.230 0.667 O.9Sc;!

I .IIA I 0.500 0.110 (i.313 1.06a O. II 11 0.563 0.563 1.230

O.3Q6 O.:Du 0.130 c.lin 1).56.1 I. I a1 0.250 0.417 0.626

0.250 0.S63 (i.161 0.334 0.250 0.334 0.25C
1).161 o .OA3 0.161 0.125

0.250 0.250 0.161

INTEGRALS
19.81 I 16.Q IS JQ. I qg 37.484 24.325 IQ.6IJ 18.92U 26.111 24.086

ERQQRS
3.322 ~.596 4.69' 11.122 3.9 4 5 3.834 3. /lilt q. "0 3.921;

WEEK I
I NOf.fG. PHOSPHA TE MMG-AT IL

51N I STN2 SrN3 STN4 SrNS 5TN6 STN7 51N8 STN~

a.I'0 0.150 0.150 0.100 o.;ao 0.200 0.180 0.190 0.28C

0.230 0.160 0.330 O. 160 0.200 0.210 v.suo 0.330 0.28C

O.3ao a.lAO 0.260 0.250 0 .. I 80 \J .. 190 0.490 0.620 0.31C

O.SaO 0.500 00320 o.uqa 0.560 0.860 0.770 0.630 0.5",

0.550 O03JO 0.600 0.680 0.630 0.630 0.8OC

0.610 0.690 0.900 0.86C
O.laO 0.650 0.91C

INTEGRALS
12.725 16.11S 11.375 IS .. 015 35.930 37. I 80 26.775 52.450 J7.92~

ERRORS
2.4f\1.l 3. ,Q6 .1.244 3.1,)81 a .OOtl 3 .. qg4 .l.20() 4.1146 J.99C

WEEK I
NITRATE HHG-AT/L

5 TN I 5'N2 5TNJ 5TN4 . 51 NS 5 TN6 51N1 5TNS S TN!

0.026 0.051 0.0]2 0.\)40 0.003 0.046 0.065 0.240 o. I ~(

0.003 0.021 O.LlqO 0.064 0.050 0.10 I 0.226 O. I 88 O. I 1I(

0.689 0.296 0.072 0.226 o .02t& 1.59R 3.167 3.012 0.181

2. 109 1.6S9 0.750 1.823 I.S!l'5 2.616 5.869 3.56L1 1.0 II

3.519 O.98L1 3.210 ij. I 17 3.645 5.198, 2.761

ij .992 J.q I q 5.190 4.391

5.146 5.853 4.85(

INTEGRALS I
41.432 R 1.24 I 42.955 63.312 212.924 150.21.1 178.525 376.377 146.251

ERRORS
4.159 7.352 4.534 5.706 Q.5SS 9.0 I tI 16.314 20.000 ~. 68'
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CHLOROPHVLL MMG-AT/L
5 TN I 5 TN2 5TN3 STN4 5 INS 5TN6 STN1 STN8 STN9

2.14a 3.60A 1.4SI 1.81 4 1.56 11 1.981 1.564 103\0 20169

2.1 11 8 3.295 2.311 2.231 ,).795 I .R 14 1.898 3.003 4.546

1.564 J.04S I .9A I 20315 3.00.1 1.397 1.564 10 147 2.231

1.9SI 1.81 1J 1.6/1 7 20315 1.230 0.980 0.980 1.481 1.113

0.667 0.3 'l1J 1.564 0.56.1 0.667 0.313 0.75 I
0.167 0.667 0.167 0.167
0.250 0.083 0.167

INTEGRALS
58.SQR fi7.002 QQ.S27 68.0R6 60.297 &lq.1Itl &18.111 QIJ.261 65.140

ERRORS
6 .. 666 4.8 I 5 4.520 5.143 4.13Q &1.559 5.609 ll.v61 II. ISS

WEEK 2
INOQG.PHOSPHATE HMG-AT/L

S TN I STN2 STN3 5 TN4 STNS 5 TN6 5 T"I/7 5 TN8 STN9

0.270 0 .. 27(1 0.2 40 0.290 O.Il.l() C.350 0 .. 1l0O 0.390 0.350
00330 0.310 0.300 O.. 2 Q O O. lisa 0.2 0 0 o. /l3C 0.340 0.3110

00360 0.290 00300 0.380 0..l70 0.260 0.390 0.3.0 0.310
0 .. 580 0.2 40 0 .. 310 0.3'10 O.tUo o.IlZ0 0.5~0 0.360 0. 4 60

0.590 0.80e 0.310 0. 7 20 O. '00 0.750 0.720
0.820 O••00 0 .. 840 0.880
0.860 0.900 0.930

INTEGRA.L5
14.275 16 .. 61\5 ,'\J.925 I I • ~25 'l2 .. 11J 32.,375 21.050 580300 J7.050

ERRORS
2 .. 6 u2 .3.:'\19 Il. I al .l.ll1 u. I 24 1.96Q 3.021 4.900 3.996

WEEK 2
NITRATE MMG-AT/L

STN I STNZ SiN3 5 TNU 5 I N5 51No SIN7 5 TNS' S1N9

0.030 O.2IR 0.228 0.2/13 0 .. 195 O.OIA 0.407 0.066 0.210
0.339 0.019 0.111 0.202 0.23 I 0.030 0.002 0.023 0.090
0.210 0.0 18 0.095 O·2211 0.028 0 .. I 70 00325 0.089 0.180
1.. 566 O. I 70 0 • .20 I (0 .2U 7 0 .. I q2 1.727 1.587 0.1l69 1.230

2 .. I 57 5.526 (\ .. 542 l •.nl 3. A III 3.613 3.920
S .976 ,l. Q3R 5.596. 6.980
6.312 5.810 7.730

1NTEGRAL5
30.225 1J3 .. 2SQ 196.841 12 .. 120 226.5 uq IJR.Q6J 1l6.295 322.170 222.175

Er-lRORS
3 .. 387 5 .. 116 19 .. 5Au :'l. I 99 I 1.,36 9.020 5 .. 047 19 .. 872 8.92Q



109
WJ;:EI< 3
CHLOROPHYLL HMG-~ TIL

5TN I S TN2 STN.1 STNIl 5' NS 5 TN'i STN? S TN8 5 TN9

0.130 0.667 0.8.14 I .. 1 4 1 Q.AJU C.500 O.8JIl I .. J I /I 0.959
0.1.l0 O.R3U. 0.661 0.667 0.6'31 0.AJU O.8Jij 0.130 0.83"
0.411 0.250 0.50C '0.553 u.~51 o. til 7 0.500 O.all 0.626
at.)]" O. U I 7 0.1.111 (jt.l.14 o.~so u.3J4 Vt 331.1 o. Il' 7 0.5 4 2

0.250 0.3.1" O·3.l 11 0. 11 17 0·081 0.083 0.292
0.161 oJ .. 2Sl) 0 .. 167 o. 33Cl I
r, .. til 1 0.161 0.315

INTEGRALS
I u .. Q',.1IJ.3ClR 22.13(, 16.526 2.1.811 IS.QJ2 17 .. 934 21 .. I 11:1 25.233

EHRURS
3.968 IJ .. 1.17 .1.582 :3 .911 3.0411 ".022 1.'9 I 3.396 3.999

WEEK 3
lNORG.PHOSPH"T~ MMG-AT/L

5TN I S1N2 STIIl3 STNti STN"i 5TN'; STIIJ7 STN8 SlNQ

0.320 0.290 0.3'\(:' ~.3fiO 0.260 0.33,) 0 .. 220 0.310 0.350

0.320 0.320 0.35C 0.320 O. JSO 0.320 o. JllO 0.190 O. JI.lO

a.suo 0.53C 0.520 C. a I 0 0.49:> ~.ul0 l).ll4jj 0.500 0.500

a·suo O· '60 a.56C (I.jlO (, .. 440 u.510 O.t.lRQ 0.410 0.560

0.560 0.510 0.5'0 0.600 ,:,.7") 0.600 0.130
1).61) a.Ci6) 0·120 0.800
I.OR) 0 .. 750 1.050

INTEGRA.LS
's I .. 250ItI.550 20 .. 56S 27.975 I A .. 075 11 I •.16:) 2R.110 11.65(' 38.415

E~RORS

2.6R9 .'\ • .'l41 3.6R2 3 • .318 u.ISq l. AOO 2.132 4.594 3.998

WEEK 3
NITRATE MMG-A T IL

5 TN I STN2 STN3 STN4 SINS STN;; S1"l1 STN8 5TN91

0.210 0.2'1 O.32A 0.251 0.210 .0.20." O.OAB O. 106 0.330

1.271 O.R:n 0.036 C. 11 5 ').31 ~ O.j5~ (j.193 0.328 0.290

2.19~ I. qOS I. Lll1 2.::)B3 I).~ 12 3.00u 1.905 2.066 2.060

2.6U~ U .Qgg 3.A.l6 I.qqti 2.11 ) 3.RSR I. u 16 3.820 3.200

u • .1.l1 .'l.916 2.820 -l.112 S.262 4.716 5. I 10
3.315 'i. 140 3.414 5.680
,.tlRS 5.358 5.840

INTEGRALS
fi1.21J 121.llq-l 11.'l.91S 1].1102 17.1.68) 212.260 Q9.650 325.180 229.050

ERQORS
S.S2J q. I AS I tI .2<)9 5. SS5 7.2qq I I • U6) u.5R6 18.242 1.123
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WEEK: •
CHLOROP~YLL HMG-l\T/L

5 TN I 5 TN2 STN3 5 INti 5' N5 STNS 5 T"7 5 rN8 STN9
2.1Qu Q.6Q2 .1.2 Q S 2.371 ? .1I61 I·Fllll 2.818 2.085 4.546

2.981 J .oue; 2.fi2A I .d 1'- 2.62,q I .. J III 2.79" 2.085 4.9/12

I .. lIR I 2.11 I 1.3 I U 2.121 2.31'; 1.56<1 2.121 1.898 4.129

I .. 7]1 I .. .lQ7 I .. u~ I 2.210 1.89R I .. ,601 1.9AI 2.311 4. I 2q

O.AI] 0.110 i). qAt,) 1.391 ;. u 11 0.250 0.500
0.250 0.250 0.083 0.167
'''.1111 0.250 0.250

lNTEGQALS
C;9.I;Fpl 61;. II ,q 6q .. 5qJ 56.930 72.361 4;).741 R6.281 55. Ill., 98.3 2 J

EHRQRS
6.200 1I.QP\ S.lQa q .. aq6 1l.J11 ".llll 9.512 4.293 4 .. 3 jll

wEE I< ·INQRG.PrfOSPHATE MMG-A T/L
STN J 5 T"2 51"0 51N4 5 TNC; STN::; 5 r"l1 STNS STNg

0.280 0.210 0.360 0.380 O.l":> 0.280 0.310 00320 00350

0.190 0.250 O.&lf (: 0·21'0 ().28,) 0.290 0·290 0.340 0.330

00320 0.28C i).U7(J 0.2"0 0.250 V. l60 00330 0.260 00350
00320 0 •.";0 0.1190 0.210 0.33;) D.JS) v.330 0.240 0.350

0 •.130 I.' OC 0.360 0.47') (;.<;30 0.680 0.100
0.110 " .800 0.810 0.880
0.910 0.860 1.0 I 0

'''ITEGRALS
8.850 12.220 41.U75 /(,.725 .16.32') 2Q.550 13. 100 5'.200 36.925

ERRORS
2. lI9J 3. I AS 5.008 '>.22" u .083 .l.qlA 2.680 11.803 '.001

WEEK •
NITRATE MMG-AT/L

S TN I 5 TN2 STN3 STJllu 5 TNS STNG 5 TN7 5 TNj:\ STN9

0.348 0.081 0.5Q5 O.;)q6 o. :iiJq ·).795 o. 130 0.46'1 0,360
0.025 0.002 0.tl23 0.0.'\8 0.287 O. 'i 1.1 0.385 00388 00360
0.880 O.IlIS 1.lqS 0·1,/15 0.882 O.l\i~ 0.6'i2 0·800 O.LlIO

0.818 O.guS 0.126 0.0 103 0.A32 t. 101 1.216 0.103 0.610
I.ROq 2.292 v.843 1.2U"U "i.R03 2.162 3.900

S.046 ';.391 'I .~59· 6.280
s.S7J 5.925 6.3110

J NTEGRALS
19.110 taU .161 9S .2112 I v. 772 IRu.99\ I 6q. 62L1 3q.,OO 306.645 199.825

EtlROR5
2.905 4.551\ 8.692 3.;)02 Q.9SQ I I .57tl 4.059 20.069 8.060



III -
wl::EK 5
CHLOROPHYLL MMG-.4. T IL

STNI 5 TN2 5 TN) ST'H SlNCj STN6 5 T '17 STNS 5 TN
2.2qll 1.7]1 I .. UA I I .. qA I I .. ~.l.) I. ')6U 1.9$1 I 1.481 2.08
2·127 1.5611 1.1.3 I I • .lQ7 , • 4R I 1.1P- 1.8 0 8 1.73 I 2035,
I. LlR I l • .lltl 1.111 1.:)1')4 I. J97 I. ')UJ 2.0 1H! 2.0 1HI 1.35:
1.611? 0.667 l.q91 1 •.'\1 u 2.127 .n.l\q., I • 8~B 2.044 I.0611

0.500 0.807 O.S-lU 0 ••1 \U uon67 I. /l81 O.8Jtl
).c!<;J .... 730 0.250 0.5<2
Ii. ~~j 0.161 O.JJIl

INTEGR~LS

";2.603 :n.2l() 07.2<;2 lA • .l1CJ till. qll) U7.uQl 76. BIJ.S 5S. S8Q 52.BII
F~QORS

S.qIO Il.O~f; 6.510 u. lAC; u. I 00 1l.';21 Q. I uJ 4.362 La.187

WEEK 5
I NQRG. PriQSPHA T£ MNG-AT/L

STNI 5 r~2 sr"-'3 STN!l 5 I NC; STN':; 5 TI~7 5TN~ STNo
0.210 Q.JIf) o. I Q(j C.lIO 0.210 0.200 j. J~(' 0.280 0.290
0.220 0·" 0 0.210 C.2 u Q ).20) ll. I fiJ ,j.UIO 0.2&10 0.280
0.250 0 • .1 11( O.20U c.ao 'I.l ll ,) J' ~OO .j.J~O 0 .. 2Qi) 0.290
0.300 0.250 0.250 \., .21U ').2$10 ... ?U ;) ,j.35Ci 0.250 0.230

o.s"(,. 00320 003-'0 (h47J ... lS) 0.270 0.280
().S7J J.100 0.680 0.100
O.9~) 0.960 1.030

INTEGRALS
8.12S Iti.160 IS.bOC. 9.800 ~n.4tiJ I I.l. 12:; 14.425 ~O.700 26.925

ERRORS
2./J06 .1 • .'\ I" ].2"9 3. I I I lJ.v7J l.')6l 2.123 4.qlj6 3.925

WEEK 5
N(TKATE MMG-oO. T /L

STN I STN2 STN3 Sf < STN!; 5 TNI'; STN? 5 TN'" S TNq
0.077 0.072 0.002 0·v17 O.J.lR 0.002 J~ I I ~ 0.012 0.080
0.02-' O. II I 0.005 O.v":>S 0.002 0.018 ). CA2 0.0<2 0.090
O. I 79 0.0').'\ 0.002 0.,,55 (l.OBS 1.1.001 v.CAS 0.0<2 0.2 4 0
O. I A6 0.11 I 0.002 O.vOS ).208 o. I 3~ O.C97 0.Cl5 I 0.310

I.;PA 0.711 1.5]3 2.JJR J 062lJ 0.236 0.310
3.34] '..10761 2.(,31 . 3.490,.6,1 6.36q 7. ,00

I

INTEGRALS
4. /457 27. n lil 25.6 11 0 2].375 IoU .03U 2J.72q 3.1q7 24 I .390 I 13.650

ERQORS
2·083 ].160 J. tl26 3.471 q.852 J. UI1~ 2. I R2 II • I 35 1.30S
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APPENDIX IV' Scotian Shelf data





Station: L5

Date: 2 May 1967

Time: 2200 ADT

Depth
Ch~~;/~Wl Silicat~ Nitrate Inorg. Phos~hate Total Phosphate Oxygen

(Meters) mg-at/m mg-at/m3 mg-at/m mg-at/m3 g-at/m 3

1 --- 1.45 0.26 0.59 0.81

10 0.250 0.99 0.26 0.36 0.57

25 --- 1. 28 0.24 0.86 1. 01

50 1. 48 2.32 0.56 0.42 0.58

Station: L4
~

~

~

Date: 3 May 1967

Time: 0800 ADT

Depth Chl0rOp~yll Silicat~ Nitrate Inorg. Phos~hate Total Phos~hate Oxygen

(Meters) (mg/m ) mg-at/m mg- at/m 3 mg-at/m mg- at/m g-at/m3

1 0.167 0.70 0.24 1. 5 7 1. 88

10 1. 001 1. 22 0.21 0.38 0.56

25 0.083 1. 28 0.22 0.34 0.47

50 3.712 1. 51 0.40 0.35 0.49

90 1. 2 72 2.27 1.92- 0.53 0.73



Station: L3

Date: 3 May 1967

Time: 1100 AnT

Depth Chlorophyll Silicate Ni trate Inorg. Phos~hate Tot:~_:~/~~hate Oxygen
(Meters) (mg/m 3) mg- at/m 3 mg-at/m3 mg-at/m g-at/m3

10 1.272 0.23 0.27 0.44 0.69

25 1.355 1.16 0.24 0.30 0.43

50 2.440 1. 51 1.19 0.44 0.54

75 2.842 0.81 1. 56 0.51 0.60

120 2.356 2.09 2.51 0.47 0.63

....
Station: L2 ....

~

Date: 3 May 1967

Time: 1200 ADT

Depth Chlorophyll Silicate Nitrate Inorg. Phos~hate Total Phos~hate Oxygen
(Meters) (mg/m 3) mg- at/m 3 mg-at/m 3 mg-at/m mg-at/m g-at/m3

10 3.900 0.93 1. 04 0.44 0.69

25 3.900 2.09 1. 35 0.42 0.62

50 5.213 1.16 1. 33 0.43 0.62

75 1. 293 0.58 2.01 0.57 0.70

130 0.918 0.87 7.20 0.87 0.95

l_



Statlon: Ll

Date: 3 May 1967

Time: 1400 ADT

Depth Chlorophyll Silicate Nitrate lnorg. Phos~hate Total Phos~hate Oxygen
(Meters) (mg/m 3) mg-at/m3 mg-at/m3 mg- at/m mg- at/m g-at/m 3

10 1. 835 0.23 0.37 0.34 0: 59

25 1.960 1. 22 0.44 0.37 0.70

50 2.210 2.50 1. 52 0.48 o.76

75 1. 689 3.66 2.64 0.66 0.78

130 1.168 7.96 7.98 0.88 1.04

170 0.521 12.78 12.99 1. 24 1.46

........
Station: Dl '"

Date: 10 May 1967

Time: 1830 ADT

Depth Chlorophyll Silicate Ni trate Inorg. Phosghate Total Phos~hate Oxygen

(Meters) (mg/m3) mg- at/m 3 mg-at/m3 mg-at/m mg-at/m g-at/m3

1 0.209 1. 57 0.33 0.41 0.54 0.745

5 0.334 1. 39 0.43 0.39 0.63 0.740

10 0.417 1.10 0.51 0.37 0.57 0.751

20 0.375 1.10 0.76 0.42 0.58 0.748

50 0.626 2.09 2.20 o.53 o.79 0.723

85 0.834 3.08 1. 99 0.57 0.78 o.710



Station: D2

Date: 11 Hay 1967

Time: 1830 ADT

Depth Chlorophyll Silicat~ Nitrate
3

Inorg. Phos~hate Total Phos~hate Oxygen
(Heters) (mg/m 3) mg-at/m mg-at/m mg-at/m mg-at/m g-at/m 3

1 0.125 2.09 0.34 0.35 0.·54 0.746

5 0.271 1. 51 0.36 0.39 0.61 o.740

10 0.083 1. 92 0.36 0.37 0.51 0.746

20 0.083 1. 98 0.47 0.40 0.52 0.745

50 0.125 1. 51 0.50 0.37 0.55 o. 760

Station: D4 ~

~

~

Date: 13 May 1967

Time: 1930 ADT

Depth Chlorophyll Silicate Nitrate Inorg. Phos~hate Total Phos~hate Oxygen
3

(Meters) (mg/m 3 ) mg-at/m3 mg-at/m 3 mg-at/m mg-at/m g-at/m

1 0.209 1. 74 o. 30 0.39 0.39

5 0.167 1. 74 0.33 0.37 0.60

10 0.083 1. 74 0.34 0.34 0.58

20 0.083 1.92 0.35 0.43 0.49

50 o.334 2.50 1. 28 0.46 0.57

75 0.459 2.38 1. 39 0.69 0.76



Station: D5

Date: 14 M.y 1967

Time: 2000 ADT

Depth Chlorop~Yl1 Silic.t~ Nitrate
3

Inorg. Phos~hate Tot.l Phossh.te
~:m~3(~feters) (mg/m ) mg-.t/m mg-.t/m mg- .t/m mg-.t/m

1 0.042 1. 86 0.40 O. SO 0:60 0.730

5 0.083 2.09 0.49 0.56 0.60 0.731

10 0.167 1.63 0.47 0.38 0.50 0.731

20 0.042 1. 86 0.39 0.42 0.67 0.739

SO 0.125 2.27 1. 35 0.69 0.91 0.728

120 0.167 12.78 9.51 1.13 1. 30 0.477

~

~

Station: D6 '"
Date: IS M.y 1967

Time: 1830 ADT

Depth Chlorop~yll Silicate Ni trate
3

Inorg. Phos~h.te Tot.l Phossh.te Oxygen
(Meters) (mg/m ) mg-.t/m 3 mg-at/rn mg-.t/m mg-.t/m g-.t/m3

1 0.042 1. 68 0.43 0.39 0.56 0.730

5 0.083 1.63 0.47 0.41 0.61 0.729

10 0.167 1.63 0.45 0.37 o.58 0.731

20 0.083 1. 74 0.44 0.35 0.63 0.733

SO 0.167 2.27 2.18 0.54 0.70 0.721

120 0.125 11.16 10.90 1.09 1. 28 0.503



Station: D7

Date: 16 May 1967

Time: 1900 ADT

Depth Chlorophyll Silicate Nitrate Inorg. Phos~hate Total Phos~hate Oxygen
(Meters) (mg/m 3 ) mg-at/m3 mg-at/m 3 mg-at/m mg-at/m g-at/m3

1 0.125 1. 74 0.29 0.32 0.59 0.740

5 0.083 1. 68 0.26 0.35 0.77 0.736

10 0.104 1. 68 0.24 0.42 o.59 0.736

20 0.083 1. 63 0.37 0.32 0.55 0.736

SO 0.125 2.44 1. 61 0.54 0.52 0.720

120 0.125 9.88 9.11 1.01 1. 26 0.532

Station: D8 >-'
>-'

'"Date: 17 May 1967

Time: 2000 ADT

Depth Ch1orop~Yll Silicate Nitrate
3

Inorg. Phos~hate Total Phosshate Oxygen
3(Meters) (mg/m ) mg-at/m 3 mg-at/m mg-at/m mg-at/m g-at/m

1 0.042 2.15 0.38 0.38 0.58 0.732

5 0.125 2.44 0.34 0.39 0.55 0.723

10 0.063 2.21 0.43 0.40 0.42 0.700

20 0.209 2.03 2.84 0.40 0.58 0.746

SO 0.083 3.05 7.04 0.51 0.77 0.702

L
0.083 12.72 12.48 1.17 1. 36 0.460

---



Station: L7

Date: 7 September 1967

Time: 1500 ADT

Depth Chlorophyll Si Ii ca te
~~~~~/:3

Inorg. Phos~h.te Tot~~_:~/~~h' te ~~m~3(~leters) (mg/m 3 ) mg-.t/m 3 mg-.t/m

1 1. 001 5.34 0.46 0.42 0.56

10 0.834 5.23 1. 08 0.52 0.64

25 0.334 6.27 2.83 0.67 1. 20

40 0.209 6.97 3.41 0.68 0.85

60 0.250 10.05 4.97 o.85 0.99

Station: L6
~

N
0

Date: 7 September 1967

Time: 1700 ADT

Depth Ch1oroP~Yll Silicate Nitrate Inorg. Phos~hate Total Phos~h.te Oxygen
(Meters) (mg/m ) mg-.t/m 3 mg-.t/m3 mg-.t/m mg-.t/m g-.t/m3

1 1.064 5.46 0.50 0.44 0.56

10 0.626 5.69 1.46 0.58 0.79

25 0.417 5.46 .:: - :3:'53 .......... i 0.67 0.74

45 0.271 8.46 4.90 0.78 0.90



Station: L5

Date: 7 September 1967

Time: 1930 ADT

Depth Ch1orop~Yl1 Silic.t~ Nitrate Inorg. Phos~hate Total Phos~hate Oxygen
(~leters) (mg/m ) mg-at/m mg-at/m 3 mg - .t/m mg-at/m g-at/m 3

1 0.834 3.14 0.32 0.25 o.19

10 0.792 2.85 1. 26 0.22 0.29

25 0.459 5.75 3.46 0.61 0.53

45 0.292 6.33 4.84 0.71 0.82

~

Station: L4 N
~

Date: 7 September 1967

Time: 2230 ADT

Depth Chlorophyll Silicate Nitrate Inorg. Phos~hate Total Phos~hate Oxygen
(Meters) (mg/m 3) mg-at/m3 mg-at/m 3 mg-at/m mg-at/m g-at/m 3

1 0.459 2.21 0.09 0.13 0.20

10 0.751 2.61 0.11 0.20 0.27

25 1. 064 3.72 1. 47 0.57 0.63

50 0.250 7.03 5.22 0.77 0.79

75 0.500 8.02 6.44 0.86 0.85



Station: L3

Date: 8 SeptembeT 1967

Time: 0100 ADT

Depth ChloTOphyll Silicate Nitrate Inorg. PhoS~hate Total Phos~hate Oxygen
(MeteTs) (mg/m 3) mg- at/m3 mg-at/m 3 mg-at/m mg-at/m g-at/m 3

1 0.834 2.03 0.08 0.20 0 ..23
10 0.250 1. 86 0.06 0.19 0.27
25 0.500 4.59 0.34 0.56 0.60
50 0.250 7.32 5.56 0.81 0.92
75 0.083 10.17 8.20 0.89 0.94

125 0.125 14.76 10.39 1.15 1.16

~

N
N

Station: L2

Date: 8 SeptembeT 1967

Time: 0300 ADT

Depth Ch10TOP~Yll Silicate Ni trate Inorg. Phos~hate Total Phos~hate
~:m~3(MeteTs) (mg/m ) mg-at/m3 mg-at/m 3 mg-at/m mg-at/m

1 0.334 2.15 0.08 0.18 0.26

10 0.250 1. 74 0.18 0.18 0.32

25 0.834 2.96 7.82 0.39 0.48

50 0.250 7.44 5.40 0.71 0.62

75 0.083 12.14 13.14 0.96 1.06

140 0.083 14.76 13.00 1.11 1. 28



Station: L1

Date: 8 September 1967

Time: 0500 ADT

Depth Chlorophyll Silicat1 Nitrate Inorg. Phos~hate Total Phos~hate Oxygen
(~Ieters) (mg/m3) mg-at/rn mg- at/m 3 mg-at/m mg-at/m g-at/m3

1 0.209 1. 80 0.06 0.20 0.40

10 0.250 1. 51 0.09 0.19 0.38

25 0.334 2.03 2.76 0.34 0.66

50 0.167 5.29 6.56 0.74 0.73

75 0.083 10.92 11.17 0.96 0.93

175 0.021 11.10 13.66 1.10 1. 23
~

N

'"
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