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1981. Observations of dissolved nut-

ABSTRACT

Hargrave, B~T~ and N . Prouse.

rients, phytoplankton biomass. sedimentation and sediment organ1c

matter in St. Bay, 1978. Can. Tech. . Fish.

Sci. 1001' p.

Prof les of temperature salinit dissolved nutrients

iculate carbon. n trogen and plant p s were derived from samples

collected from January to November, 1978, at a central station in St.

Georges levels of dissolved nitrate. nitrite, ammonia and sili-

at 1n the water column occurred dur January and February ~nich coin-

a of 1 and organic matter. Sediment a-

d 1

of particulate organIc matter and concentrations in surface sediments

the summer were similar to levels observed during 1977.

~ ~

RESUME

981. Obse ions of solved nutrients

biomass, sedimentation and sediment organic matter 1n

978. Can. Tech. . Fish. . Sci. 1001 p. 98 .

De ech recue1 s entre et novembre 978 a une

s at centrale de la baie St~l,pnro'p~ ont serVI a dresser les ils SUI-

s rature a inite elements nutritifs dissous, carbone

81re en suspension, azote et op s. On a observe de hauts niveaux

de nitrates, nit ites, ammonlaque et silicate dissous dans la colonne d'eau

en janvier et fevrier, coincidant avec les maXIma de chlorophylle a et de



VI

matiere organique. La sedimentation de la matiere organique particulaire

et les concentrations dans les sediments superficiels etaient semblables

aux niveaux observes en 1977.



INTRODUCTION

Annual observations in St. George's Bay between il and November

ln 1976 and 1977 were extended in 1978 to cover the period of to

November. Previous studies in this coastal were carried out by

winter. however lce cover and poor weather nr",\lpnred

the Canadian Coast Guardery. a helicAccord

sh

sampl

Base, Dartmouth, was used to collect water es. While many s of

s can not eas be collected from a helie er ( on tows and

sediments cores can be taken with difficulty), we were able to collect

water s from discrete s. lS of these s and those

elect dur the routine sh ard sampl schedule (24/4 - 1/11,

78) are summar zed in this with measures of sedimentat ion

and c matter in sur ace sediments during summer and fall periods.

The dat when combined with that reported ously (Prouse and ave

9 7 980) ete the descr ion of seasonal

e d tribution of dissolved nutrients and phytoplankton biomass

r a annual period.

AND

were co lected at mont

METHODS

intervals d ng wi nt er and

ear spr and on a basis thereafter. A helic er was used for

co lection of water s a hand-held line and messenger released bot-

Laboratory 1980) was chosen,

It was not possible to routine-

A central station nearitIe in January, February, March and

the position of station 7

on lce conditions, for s

measure t emperat ure because of limit at ions of space and time invo 1ved



with use of the heli

2

er for sampl ing. Nansen reve rs log bot t les were

used from the research vessel NAVICULA after 24/4. Salinity was analyzed

later using an auto-lab salinometer

Plant pigments, iculate carbon and nitrogen and dis-

solved nutrients were anal as se ibed ne Ecology

Laboratory 1980), op1ankton tion was only measured on three

occas lons ng 197 however sediment raps were at 22 and 25 m

for seven periods from October. Estimates of particulate

ition rates were derived as described Prouse and Hargrave (1977).

RESULTS AND DISCUSSION

1
J. •

The characteristic summer maX1ma of temperature in the surface

waters of SL l~pn,.opS was achieved in

s to observations in 1977. In contrast to 1977, a

h

rmocline was es ablished at 1 m late and this progressively

t tlr'OU!2;tl()ut the summer. Over the five month interval of observa-

tions the thermocline depnpnprl at a rate of 0.15 m Drinkwater and

Taylor (1979) calculated a rate of mixed-layer thickening of 0.14 m d-1 in

1977 .
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F . 1. Time series of temperature and salinity at 0 and 30 m at station

7 in St. Georges dur 1978.
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The progressive deepening of the thermae ioe is a ar summer

occurence in the Bay. Super

ent events which result In

ed on this trend, however are intermitt

temperature changes in near~bottom water.

In 1978 a rapid cooling occurred in late with a corres ngly rapid

decreases respectivly) occurred

(increases and

e invest iga-these events. A s

). Fluctuations intin lateheat

t ion of t se I f 11 be used

to further i these h events . Drinkwater, pel's.

comm. De e these ervals of marked temperature change, of

bottom layers of wat (below above 1 is res ricted to S ember

and October.

Bay demonstrated that

. 1). Maximum

ly due to thet

and

In St.

at 0 m duringannual

The annual cycle of sa inl

minimum values occur

advect r into the Freshwater discharge from the St.

s source for the 0;"1 sa lini water during

Obs Ions during 77

nut s

ed the presence of steep concen

the bottom during pe iods of

st rat fie on s ay. Information was available concern-

the pel's s ence (ave dai t 1 periods) of these gradients nor

\-Jere close spaced s col ed to demons rate the shape of the near-

bottom concentration ient. Measurements were made on two dates to pro-

vide th information dur 78 . 2a, b),
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5

2a, b. Vertical profiles of dissolved nutrients at Station

7 in St. Georges Bay measured on SIX occaSIons between 5-8/6 and on five

casions between 28/8 and 1/9 In 1978. Means and one standard deviation

zont bars) ed for where replicate s were colle

ed, Integrals m-2) (and one standard deviation) calculated between

and 0-30 m from average values in each profile.
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The water column was stratified with the thermocline at 15 m in

June (5-8) and 25 m in late August (28-31, Sep 1) when replicate profiles

were measured. Six and five profiles of 15 depths each were s ed over

the two collection periods respective and average and standard deviations

of dissolved nut ient concentrations calculated . 2a, b). ical

variat ion

tion in excess of

ed from 0,

amount

for ammonia to 0,04 for nitrate. Varia

hus attributable to samp ing effects.

The same Nansen wate bott es were used the s and all sam-

pIes were treated a similar way dur collection. However, environ-

mental heterogeneity could nrnn"~e variation,

In replicate les was observed in near-bottom

2a, concentration ients over h

were est. Thus small differences in bottle position on the hydrowire

0.25 ) could make a substantial difference In the concentrations of

disso s ured. Water bottle was always determined

relat th no rection for tidal amplitude or boat

cumrilulative effect of these factors is to make

t bottom

e samples

thin this

1 m. Where steep concen

interval, details of

concent be int ed unamb ly. The ove lap-

p

bottom il

s

rate fac ~

10ns concentrations measured near the

These variations in determin concentration profiles of dissolved

nts provide imi s around int s calculated from profiles

measured at

cient of dete

samp ing intervals during the year, Values for coeffi

ion for integrals calculated over the two intensive
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sampling periods, for example, varied from 0.16 to 1.02 ab Ie 1). Inte-

gral concentration of dissolved nutrients above and below 20 m (Table 2,

Fig. 3) must be considered in terms of this level of uncontrolled vari

ation. Thus, maximum concentrations of silicate, ammonia and nitrate

be ween and March are s if antly greate than conc ration dur-

ing May and June, but variations in concentrations between

March are not signif cant.

and

n~ra~n~c nutrient during earLow concentrations of dissolved

suwner correspond to observations ~n 1977 Ine Ecology Laboratory

1980). This period ~s prec:el~aea, however, by high concentrations of all

rour nutr ents dur . 3). The decrease in concentra-

ions d ng IS marks he occurrence of the spring

oplankton bloom. Reductions in concentration occurred between January

and February also, with the most significant decrease in dissolved nitrate.

Lat summe r th fall increases in all four nutrients are similar to

reases observed at this time ur ng 1977.

of of egr ed cone

1 ne before during and after summer strat fication

should indic if bio og c Ion oplankton in the mixed-

1 IS respons ib for ma reduced levels of dissolved nutrients

Ing summe ere 1 shal ow and te are similar, rela-

t ve In concentration of different nutrients may have also been

imilar. However, f oplankton alter relative concentrations, changes

above and below 20 m are most similar dur

1n t as wi 1 occur. These compar sons les 3a, b) show that ratios

periods of no stratification

(prior to ear and aft er t).
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Table 1. Integral concentrations (mg-at m- 2) of various dissolved inor
ganlc nutrients in St. Georges Bay on two dates in 1978. Integrals calcu
lated from four to six separate profiles of concentration measured on
consecutive days.

o - ° - 30
5-8/6/78

x a c.v. x a C.v.

N0 3 + 3.6 3.7 1.00 16.0 16.0 1.00

Si03 8.0 8.1 1.02 30.6 7.2 0.23

NH4 10.4 7.0 0.67 17.2 6.7 0.39

P04 3.5 1.8 0.52 6.2 2.3 0.37

28-31/ 78
1/9/78

+ 11.5 6.9 0.60 16.3 7.1 0.43

S 90.5 35.8 0.40 157.3 43.2 0.27

4.6 1.2 0.27 7.7 1.2 0.16
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Table 2. Integrated concentrations of dissolved nutrients above and below
20 m at station 7 in St. Georges Bay during 1978. * indicates periods of
mixing and numbers in parentheses are concentrations of each nutrient above
and below 20 m as a percentage of the total concentration integrated to 30
m depth.

Xs average percentage during stratification; Xm during mixing.

Dat e
1978

*18/1

*17/2

0-20 20-30

58.3

13.5

mg-at m-2

S

0-20

164.0

85.4

0-20

5.5

1.9

20-30 0-20 20-30

36.0

39.4

~~ 7/3

* 3

21.2
(40)

29.6

31.2
(60)

132.0
(52)

106.2

123.9
(48)

6.6
(55)

5.8

5.5
(35)

31.1
(64)

34.7

17.8
(36)

*1

34.3 19.
(64) (36)

2.6

7.4
(67)

14.6

58.6
(33)

6.1
(67)

2.0

3.0
(33)

31.4 14.5
(68) (33)

10.9 12.4
(47) (53)

*24

* 2

8 5

16/5

29/5

5

6/6

19/6

4.3
(64)

.0
(28)

.3
(8)

4.3
(29)

3.2
(33)

1.4
(14)

7.6
(75 )

2.4
(36

7.9
(72

14.1
(92 )

6.5
(67)

8 c;
• J

(86)

7.9
(26 )

19.2
(0)

6.7
(23)

12.1
(24)

.8
(23)

19,4
(51)

17.4
(46)

22.1
(73)

8.0
(30)

22.6
(37)

38.5
(76)

26.0
(77)

18.5
(49)

20.8
(54)

2.4
(50)

1.3
(59)

2.7
(60)

1.3
(28)

2.4
(60)

3.6
(82 )

5.8
(68)

2.4
(50)

0.9
(4 )

1.8
)

3.3
(72 )

1.6
(40)

0.8
(18)

2.7
(32)

15.5
(70)

23.4
(62)

22.0
(76)

32.8
( 61)

9.2
(62)

21.7
(74)

10.5
(82 )

3.3
(42)

6.7
(30)

14.1
(38)

7.0
(24)

21.4
(39)

5.6
(38)

7.8
(26)

2.3
(I8)

4.6
(58)

4/7 1.4 0.5
(74) (26)

13.4
(54)

1.4
46)

6.7
(82)

1.5
(18)

10.5 7.2
(59) (41)
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Table 2. - Cont'd.

mg-at m-2
Date N03 Si03 P04 NH4
1978

0-20 20-30 0-20 20-30 0-20 20-30 0-20 20-30

10/7 15.6 36.8 3.8 4.5 3.0 2.6
(0) (0) (46) (54) (54) (46)

25/7 1.1 0.2 101.2 60.1 7.2 3.9
(85) 05 ) (63) (7) (65) OS)

31/7 3.6 1.3 67.6 98.4 2.2 0.9
(73) (27) (41) (59) (1) (29)

8/8 21.3 1 .5 185.4 149.6 6.2 4.9
(65) (35) (55) (45) (56) (44)

*31/8 7.3 3.2 132.3 90.0 3,9 1.7 22.1
(70) (30) ( 61) (39) (70) (30)

*1 I 27.5 15.9 6 .1 29.9 9.0 0.6
(63) (37) (68) (2) ( 94) (6 )

*2 10 25.6 10.8 109.8 28.4 18.6 6.6
(70) (30) (9) (21) (74) (26)

10 11.0 5.3 56.8 26.2 8.5 4.1 8.8 3.8

1111 12.2 4.4 88.9 30.2 12.4 5.0 17.6
( 73) (27) 05) (25) (71) ( 29)

5) (55)

(59) (41)

(62)

(68)

(8) (67) (33)

(62) (38)
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Table 3a. Ratios of dissolved nutrient concentrations above 20 m (mg-at
m-2 ) in St. Georges Bay during 1978. Absolute values given in Table 1.

* indicate periods of mixing, .Xm average during periods of mixing, Xs
average during period of stradification, N = N03 + NH4 concentrations.

Date Si03:N03 N03:P04 NH4: N03 N: P04 N: Si03

*18/1 2.81 10.60 0.62 l.15 0.39

*17/2 6.33 7.11 2.92 27.84 0.62

* 7/3 6.23 3.21 1.47 7.92 0.40

*20/3 3.59 5.10 1.17 11.09 0.61

* 4/4 3.42 5.62 0.92 10.77 0.56

*18/4 5.62 1.30 4.19 6.75 0.93

*24/4 3.16 1.04 6.20 7.50 2.28

* 5 4.46 3.31 5.44 21.30 1.13

8/5 2.23 1.11 7.33 9.26 3.73

1 5 9.31 1.00 25.23 26.23 2.82

L81 1. 79 2.14 5.63 1.73

5/6 0.89 6.78 6.92 1.28

6 1 .43 0.24 7.50 2.05 0.68J.

7 9. 7 0.2 7.50 .78 0.89

25/7 92. 0.15

31/7 8.78 1.64

8/8 8.70 3.44

*31/8 19.08 L87 3.03 7.54 0.21

*11/9 2.29 3.06

*22/10 4.29 1.38

*30/10 5.16 1.29 0.80 2.33 0.34

* 1/11 7.29 0.98 1.44 2.40 0.34



Table 3a. - Cont'd.

15

Date Si03 : N03 N03:P04 NH4:N03 N: P04 N: Si03

Xs 17.88 1.16 9.41 8.65 1.86
(28.27) 0.04) (8.02) (9.08) 0.19)

Xm 5.67 3.53 2.56 11.14 0.71
(4.30) (2.89) 0.96) (7.93 ) (0.59)

10.66 2.56 4.98 10.26 1. 11
08.78) (2.57) (5.82) (8.16) (0.99)

(Numbers l.n ses are 1 s.d. of mean values above)
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Table 3b. Ratios of dissolved nutrient concentrations between 20 and 30 m
(mg-at m-2) in St. Georges Bay during 1978. Absolute value given in
Table 1. * indicates periods of mixing, Xs average dur periods of
stratification, Xm average during periods of mixing; X average of all
observations. N = N03 + NH4 concentration.

Date

* 7/3

* 4/4

*24/4

* 2/5

8/5

16/5

29/5

6/

4/7

25/7

31/7

8/8

*31/8

~<1l/9

*22/10

.97

2.99

2.9

3.33

2.86

2.73

2.45

2.45

22.80

300.50

75.69

13. 1

28.13

1.

2,

5.67

6,53

3.17

2.67

4.39

4.27

6.63

3.15

0.33

0.05

1.44

2.35

1.88

26.50

1.64

0.57

.74

0.88

5.87

0.89

1.52

0.53

0.27

14.40

8.91

11. 37

5.96

18.33

8.28

10.76

10.13

4.00

5.13

N: Si03

0.40

0.58

0.65

2.06

0.66

0.92

0.62

0.52

0.68

* 10 4.94 1.29 0.72 2.22 0.35

* 1/ 1

X

6.86

47.26
(97.88)

6,40
(8.28)

26.83
00,59)

0.88

3.42
(2.74)

5.58
(8.08)

4.33
(6,04)

3.14
(5.54)

1. 76
(2.30)

2.51
(4.24)

9.36
(4.96)

9.35
(6.07)

9.36
(5.20)

0.70
(0.14 )

0.81
(0.71)

0.75
(0.46)

(numbers in parentheses are 1 s.d. of mean values above)
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Absolute concentrations and ratios for integral concentrations of

nutrients 1n 1977 and 1978 were generally similar for corresponding times

of the year. Unforturnately some samples to be analyzed for ammoma col-

lected after 10/7/78 were lost and data is not abailable to confirm the

peak of ammonia observed in ear t 1977. Concentrations measured 1n

late August and October 1978 (Table 2), however, showed two to seven fold

increase over concent ations measured earlier in the summer cons stent with

the trend of increased concentrations of nutrients during late summer and

fall. The increased abundance of all dissolved nut rients over this period

lies that mechanisms of supply and/or regeneration exceed utilization.

Thus, while nutrient (particularly nitrate) limitations to phytoplankton

nTnrillC'C lon may occ ear ier in the summer, other mechanisms such

as reased grazing or deep m1xlng below optimal light levels must limit

tosynthesis during the fall months.

ankton Production

op ankton lon was not measured routinely dur 1978 in

rges Bay. Collection of water samples helicopter during winter

necess ated delays of up to three hours. In situ incubations were

sible and it was decided that laboratory measurements could not be

lrec Iy o In sit ncubations carried out In 1977

Eco ogy Laboratory 980).

Although no ar measurements were performed, In situ incuba-

lons were carried out on three dates Ie 4). Rates of oplankton

nrOril1rtion integrated to 20 and 30 m are similar to rates observed in 1977

at corresponding dates. The integrals show that 90-95% of photosynthetic
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Table 4. Phytoplankton production (14C uptake) (mg C h-1) at station 7
in St. Georges Bay on three occasions during 1978. ~ situ incubation
between 0900 and 1400 h.

Date
Depth (m) 6 31/8 10

0 0.88 5.87 6.31

5 0.86 3.12 3.18

10 .23 4.21 3.69

15 1.46 .80 2.07

20 0.04 0.81 0.92

25 0.14 0.63 0.80

30 0.10 0.00 0.14

Dark bot t Ie 2.50 2.70 3.83

Integral (mg Cm-2 h-1)

0-20 m 20.1 62.3 62.8

0-30 m 21.1 67.5 69.4

0-20 m 5.5 35.4 16. 7

0-30 m 12e3 54.5 24.6

Spec fie Production -1 h-1)

0-20 IT! 3.6 1.8 3.8

0-30 m L7 1.2 2.8
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product ion occurred above 20 m in St. Georges on these occassions.

Similar observations during 1977 indicated that 85% of phytoplankton pro

duction integrated to 30 m depth between May and October occurred in the

upper 15 m. The measurement In June (20 mg 400 mg 1,

assumIng average hour rates between 0900 and 400 extend over 10 h) 1S

lower than rates observed late and October <60~70 mg

400 mg d ass on occur ove ) . if IH~'H,,,ct ion

C (mg chI a -1 h- 1) varied between .2 and 3.8 for integrals of uc-

tion and chlorophyll ~ stand stock calculated over 20 m and 30 m

(Table 4), Similar values were observed dur 1977 when measurements

the period of to November at station 7 showed considerable

ation 2 mg C chI a

entrations suspended particulate organIc carbon, nitrogen

ay 1

In

with

i rogen and plant 1n set led material In pendix L I

possible 0 expose traps prIor to the end of il> hus rates of

sedimentation or chemical composition of settled material cannot be com

with ma rial in suspension ove the ent re period of observations,

Rates of sedimentation of ma ter ig. 4) were minimal d

d-summer with simi ar values at 22 m and 25 m. The occurrence of

ition rates <5-14 g m- 2 d- 1) during May and October correspond to
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Fig. 4. Sedimentation of dry material in cylinder moored at 22 and 25 m at

station 7 in St. Georges Bay during 1978. Vertical bars indicate one

standard deviation of an average value derived from four separate replicate

cylinders exposed simultaneously at the same depth.



21

maximum rates observed during these months in 1977, however rates were up

to an order of magnitude greater in the preceeding year. Monthly total

deposition rates Cfable 5) were calculated from values of average daily

sedimentation (Appendix II) summed over appropriate monthly intervals

(assuming that deposition was continuous and cumulative). The total

matter deposition between mid-April and October averaged for both 22 and

25 m was 669 g m-2 . A value of 760 g m- 2 was observed at 25 m between mid

May and mid-November in 1977.

Figures 5 to 8 present measures of organIc carbon, nitrogen, chlor

ophyll ~ and pheopigment sedimentation with corresponding measures of susp

ended concentration of these variables measured during 1978. Loss rates of

the four substances were calculated as described by Taguchi and Hargrave

(1978). Except for increased levels of suspended carbon and nitrogen dur

ing February, concentrations of these elements in suspenSIon varied around

average (+SD) levels (5.5 ~2.3 mg C m- 2 , 0.52 +0.32 mg N m-2 ) throughou~

the year. Peaks in sedimentation during May, late June, August and

September correspond to Increases in suspended concentration of carbon and

nitrogen which occurred approximately 3 weeks earlier (Figs. 5,6). How

ever, variations in estimates of integral concentrations are sufficiently

large so as to limit interpretation of individual fluctuations in measure

ments. Also, no simple correlation existed between sedimentation rates and

suspended concentrations averaged over periods of sediment trap exposure.

This is clearly observed during October when high rates of carbon and

nitrogen deposition occurred at a time when suspended concentrations did

not change.



Table 5. Monthly total sedimentation at station 7 (bottom depth 34 m) in St. Georges Bay during 1978.

Month Dry Weight Carbon Ni t rogen Chlorophyll a Phe o~ igITEnt s
g m- 2 month- 1 g m- 2 month- 1 g m- 2 month- 1 mg m- 2 month=l mg m- month-1

Depth (22 m) (25 m) (22 m) (25 m) (22 m) (25 m) (22 m) (25 m) (22 m) (25 m)

April 05-30) (41.9) 43.2 (0.8) 0.9 (0.05) 0.10 00.5) 10.9 (6.3) 6.6

May 132.0 136.0 4.7 5.5 0.60 1.27 21.1 21.9 29.5 30. 7

June 45.3 58.6 2.6 3.4 0.41 0.40 8.2 10.1 18.2 24.8

July 35.8 42.8 1.9 2.8 0.24 0.30 3.0 5.6 10.6 16.2

August 28.2 42.5 1.2 1.8 0.17 0.21 5.1 6.1 8.0 13.6

September 90.9 109.0 4.0 7.0 0.73 1.32 13.4 18.4 36.0 29. 7

33.5
N

October 272.1 260.0 14.5 12.3 2.40 2.24 40.1 20.9 50.4 N

Total 646.2* 692.1 29.7* 33.7 4.60* 5.84 101.4* 93.9 159.0* 155.1

* includes estimated value for April 05-30). Value (in parenthesis) derived from the sedimentation rate in May
assuming that the ratio of deposition April/May at 22 m corresponds to that at 25 m.
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Table 6. Sedimentation of material in St. Georges Bay, il l5to
November 1, 1977. (n) == number of collection periods, mean +1 s.d.

St adon 7

22 25

(14) (5)
3.68 3.90

*-4.18 *-3.71

Carbon (5) (14)
mg C d-1 65.0 155.4

*-218.8 =150.8

Nitrogen on (4)
mg N m-2 d-1 22.9 23.6

::1::34.5 ±29.1

1 a 05) (4)-
581.0 405.8

*-683.7 =308.9

s 15) (14)
829.5 741.7

::1::758.6 ±504.8
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concentration of particulate organic car

h)~ organic carbon sedimentation at 22 m and

Fig. 5, Comparison of suspenaea

bon (integrated to 20 m

da sediment at ion calculat ed as a percent age of suspended concentrat ion

a1 y loss rate) at station 7 1n St. Georges Bay during 1978. Vertical

1"S ndi e one t ard deviation determined from integrals calculated

rom four to six separate iles of concentration measured on consecutive

days (as described for dissolved inorganic nutrients in Table 1).
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Fig. 6. Comparison of suspended particulate nitrogen concentration (inte-

grated to 20 m depth), nitrogen sedimentation at 22 m and daily sedimenta-

tion calculated as a percentage of suspended concentration (daily loss

rate) at station 7 in St. Georges Bay during 1978. Vertical bars indicate

one standard deviation of the integral value as described in Fig. 5.
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station 7 in St. Georges Bay during 1978. Vertical bars indicate one

standard deviation of the integral value as described in Fig. 5.
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Comparison pheopigment concentration (integrated to 20 m

op sedimentat at 22 m and dai sedimentation calcul-

ated as percent age of nded concentration i loss rate) at sta-

tion 7 in SL Bay during 1978. Vertical bars indicate one standard

deviation of the int value as described 1n . 5.
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Although absolute rates of dry matter, carbon and nitrogen sedi

mentation as monthly totals (Table 5) or average daily values (Table 6)

are not significantly different (p <0.05) from similar values observed In

1977, differences did occur during certain periods. For , high

rates of deposition (up to 110 g matter d- l ) occurred In 1977 dur-

ing September (Marine Ecology Laboratory 1980), maximum rates observed

dur October In 1978 were an order of tude less (14 g m- 2 d-1 )

Ig. 4). Discrepancy was greatest during the f I when isothermal

tions may allow deep mixing and sediment resuspension. Although traps were

at 9 and 12 m above bottom (at 34 m) In 1978, observations in 1977

indicated that dur periods when little or no stratification existed In

he "later column resuspension could redistribute previously settled

material t these depths.

The rtance of resuspension In increasing deposited material

co lec ed In sediment traps is shown

Values as hi as 28% for iculate

calculations of daily loss rates.

carbon and 44% for nitrogen

occurred dur October . 5 and 6). Such h rates could not be sus-

t thout marked decreases suspended oncentration, Concentrations

o ca and ni rogen d not change dur ng this interval of

sediment at ion, ioci icat i ng perhaps that resuspended materi a1 brought

into the wate column by mIX ng events, settles rapidly. Smaller peaks In

rbon and nitrogen loss dur late June and August coincide with

increased rates of sedimentation dur these intervals. As mentioned

above> these h

after peaks In

column.

rates of deposition occur' approximately three weeks

concentrations of carbon and nitrogen in the water



32

Suspended chlorophyll ~ concentrations in St, (2"'A.,,',.,"'S Bay dur

1978 were maXimum during February ig. 7). A progressive decrease, by up

to an order of magnitude, occurred after this maximum to annual minimum

val ues between and June, This spr decrease 1n chI or 1 a concen-

t rat ion W1 eque o .'1SVrrmf Of 1C

levels ur ng fal months was also observed dur logy

ory 80), entrations of did not

1n a conS1S ent way during the year 8), Alt levels,

c Ie to those obse for chlA'¥'''''~h''ll a occurred dur September,

\-Jere s ar t period of observation, As with carbon and

n here fiO S Ie correlation between suspenaea concentration

pas t
r •.ro r e 1. t ch 1 a or s . 7 and

variable, with mln1mum values

lng J Los of

eded rates obs rved for chlor I

ear ) be the h t

a

5%

both

e fo

ess

on e that seasonal ch 1n oss es of

ogen were similar 0 each other as were hese for chloro-

and Ie 7), Los es of nts however, were

not corre at ed th those c 1 ulated for arbon and nitrogen ng that

d i fe mechan sms are involved in determin loss rates of these two

classes of c nmnn,l1"'''S. Further analys s of settled material collected in



33

Table 7. Index of determination (r2 ) derived from linear regression
ses comparing loss rate of particulate organic carbon, nitrogen, chloro
phyll a and pheopigments deposited at 22 m between April 24 and November 1,
1978, at station 7 in St. Georges Bay.

Carbon

Nitrogen

Chlorophyll a

Nitrogen

0.90

Chlorophyll a

0.13

0.23

igments

0.18

0.19

0.59
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as organic carbon, nitrogen and chlorophyll a

1) settled material collected in traps

· . 9. VIe

content ( g

2 and 5 St. dur 1978.
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period (Pig. 7) and thuH reduce ]08S by direct sedimentation. Increased

rates of pheopiglflent deposition during late June and early July (Fig. 8)

support this idea.

5.

Measures of organic carbon, nitrogen, chlorophyll ~ and OpIg-

ments in surficial r 1-2 sediments in St. Georges Bay between 8/5

and 30/10 are presented in Appendix III. Average values calculated over

the period of observation are not significantly different

from measurements made during 1977 (Marine Ecology Laboratory 1980).

imum values for carbon and nitrogen content (0.29% and 0.04%

res c ive y) were observed on the f rst sampl data (8/5) and maxImum

va ues (1.85% and 0.18%) occurred during October (Fig. 11). Throughout the

urnmer however there was not a continuous increase in sedimentary organic

er measured as organic carbon and nitrogen. Fluctuations occurred with

pe ods or enrichment (June, July, September) separated by intervals of

reduced concentrat on. Carbon:nitrogen ratios in surface sediments also

betitJe n 6. and 2.9. indicative of periods of high and low nitrogen

ontent relative to carbon content in the sediment.

The periodic enrichment of bottom sediments with organIC supply by

ited mater al was ied observations in St. Georges during

1977 • content 1n absolute amounts and relative to organic carbon

il ustrates that this was also in 1978 (Fig. 12). Periods of low

chlnrnn,hvll a 1n surface sediments cor res to increased values of the

ratio of chlorophyll ~: organic carbon (early June, Mid July, late

October). Carbon: nitrogen rat ios were also increased during these times
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F , 11, Seasonal changes in sedimentary organIc carbon, nitrogen and

carbon:nitrogen rat In surface sediment (upper 1-2 cm) collected at

station 7 in St, Georges ay during 1978,
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(Fig. 12). Maximum concentrations of s did not persist a few

weeks and there appears to be ittle accumulation of either chlorophyll a

or pheopigments in these sediments. Concentrations in the late spr and

different from those

nrnnh'7ll a thus serves as

ficant

ch

fall of 1978 are similar and are not s

observed in 1977. The presence of undervr:oll1Pl1

an indication for the recent of matter to the bottom.
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CONCLUS IONS

Observations in St. Georges Bay during 1978 can be combined with

those made during 1977 to consider seasonal relations between variables

throughout the year. This analysis will constitute a separate publication

where an assessment of factors controlling the n~~n,,~tion of organic

matter in the water column, its deposition and rates of decomposition will

be discussed. Some general conclusions are summarized here.

Stratification Effect

Stable cond ~ons ~n the water column during summer which reduce

vert ical mixing and allmv dissolved inorganic nutrients to accumulate close

he bottom (Section 2). Near-bottom concentrations (Fig. 2a,b) are

similar to those present in the water column during seasonal maxima during

winter (Appendix I). Thus, benthic nutrient regeneration is a major

of dissolved nutrient supply in St. Georges Bay

Remineral zation of nutrients in the water column, however, particularly

during per of maximum stratification July) when concentrations

are reduced to m1n1mum levels . 3) must supply nutrients for

ankton 10n. The balance betwen supply through pelagic and

benthic regenerative sources must ultimately depend on the depth of the

e ic mixed-layer relative to total water column depth.

The seasonality in concentrations of suspended chlorophyll ~, with

h t values during February, minimum levels between May and July and a

progressive increase from July through the fall (Fig. 7), shows that

nutrient supply throughout the winter permits the initiation of a winter

phytoplankton bloom in St. Georges Bay. Water column thermal stratifica

tion was not measured during February, however, salinity increased with
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depth to 25 m (Appendix I)(F . 1). This structure had disappeared by

March. Large decreases in dissolved nitrate and silicate between January

and February (Fig. 3) preceeded the formation of the chlnronhull a maximum

in February. This clear evidence for an ear bloom which was not

observed previous Sampl ng dur the 1976 and 1977

after nutrients were ted and when 1 a was either consumed 1n

the wate column, sedimented, or removed from the

Plankton Biomass and Sediment lon

by advect ion.

The fate of he winter oplankton bloom can on be inferred

SInce measures of sedimentation were not made before 24/4. Concentrations

of organIC and nitrogen in sediments in (F . 11, 12) and

to se led material dur ng late il (F 9) were low. However,

ch content at this time was the h t observed during the

hs 9 r iched oplankton biomass

s from the water lumn llowi ng the bloom in late February, there

fa radat of matter to occur before

In i1. yses of net on biomas collected

c s h an obs rved

ar .. s as 77 066.5 mg we t

tween

rine Ecology Laboratory 980) was the

il and November.

st value to occur

It IS pass Ie t d "
1 i Ion of material produced dur

the wint bloom ed he rapid decrease in SUS~eHueu organic matter

ch roron,hull a aft e February, Graz zooplankton dur the spr

(possib during and following a second loom In il) 5-7) could
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maintain levels of suspended organic matter at low concentrations typical

for the summer in St. Georges Bay. This would account for sustained levels

of pheopigments (4 +2 mg m- Z) present in the water column from March

through July (F • 8).

Absolute rates of sedimentation daily loss rates of

matter and the organic content of settled material (Section 4) show that

lowest rates of part Ie deposition and minimal rates of organic loss from

the water column occurred during mid-summer. Highest rates of dry matter

and deposition dur early summer and fall coincide with periods

of low strati lC lon resuspension lS most like to occur.

Chlorophyll !: levels in settled material are also high during these periods

indicating that may trans living phytoplankton to depths where

t contact the bot om. The shallow depth of St. Georges Bay (70% of the

otal area is shallower than 30 ine Ecology Laboratory 1980)

enhances the liklihood of direc sed at ion of ankton.

Appr,oxtm,it e constant levels. of matter

( % carbon. 0.12% nitrogen) which appear to be maintained despite

periods of increased y • 1 ) and des the changing nat ure of

matter settled the year . 9). ies that organic

matter does not accumulate in these desposits. Resuspension before and

after periods of stratification and a sufficient of oxygen at the

sediment surface ensure that organic matter Which reaches the sediment is

eff ient oxidized.
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Respiration of material in the water column must also be

a major pathway of loss for organic matter. Daily loss by sedimentation,

particularily during summer stratif ation IS a small fraction (less than

.6 g

onby

In 1977 while

matter

e, amounted to 7.4 g C• fur

5-10%) of that SUSpel]aE~a

dur

C sedimented. Ition rates of 1.9 and 2.8 g C were observed In

1978 at 22 m and 25 m Ie 5). Re ration pelagic organisms In

relative mixed layer (20 m ng must account for the

ifference between these rates of

ctive rans does not alter ste

and loss of organic matter. If

state conditions within the

shaul be possible to use these observations to

imate he fraction of pel pr nrnrlllc·tion consumed in the water

umn and that which enters the sediments to be consumed, or stored, by

sms.
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Append I

rature, salinity, density, dissolved nutrients, plant pigments,

c rbon and nitrogen in rna ter



DATE: 19 1978
-,---- I --~, t--·--·-----T---·'·---..-·-'t---"-----·---

NITR1\TE +
SAl,INITY DENSITY I NITRITE AMMONIA PHOSPHATE SILICATE

%
0

N m- 3 mg-at N m- 3 mg-at P m- 3 S. - 3mg-at 1. m

----
-0.4 28.44 .. 9 3.09 4.09 0.27 8.34
-0 4 28.47 . 2.80 2.00 0.26 7.85
-0. 28.44 .9 2.79 1.05 0.26 7.85
-0.4 28.41 .8 3.02 1.10 0.32 8.67
-0 Lf 28. .9 3.01 1.13 0.27 8.51
-0. 28. .8 3.00 0.85 0.30 8.34

58.30 I 35.95 5.53 163.98

P-
O)

PARTICULATE
I !

a
-- 3 _3

mg m'-

- . I .6 39.2
.0 31.4

1.56 0.68 .0 46.8
1 1.02 356.8 57.8
0.58 .85 212.0 30.2
0.68 1 70 .3 47.5

29.18 6690.5 853.5



-_..

NITRATE +
Tl:'~M1:' ~.I{ ATm~F Ul:';['i;:ilTY fl"llVl! A PHOSPHATE SILICATE

")

mg~at N m- 3 P -3 S' - 3" N -J

'" 'm mg-at m mg-at 1 m

----- >--
0 28. 0.34 3.16 0.08 4.19
5 28.28 0.23 0.07 4.19

10 28. 0.23 1.62 0.04 2.42
15 28.54 0.92 1.30 0.15 5.31
20 28., 2.30 1.98 0.15 6.12
25 29.02 2.42 1.42 o 18 6.44

T
'"0-20 13 .50 39.40 1.88 85.38

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH a ~ ~~~'" NITROGEN

M
- -3 -3 -3 mg m- 3mg m mg m m

0 12.34 736.9 94.1
5 9.17 3,9 145.2

10 10.58 • L~ 72 .9
15 10.58 829.6 67.9
20 4. 0.08 432.1 38.2
25 3.88 0.10 .3 87.2

1111-<::5'-'"

0-20 194.85 15 82.0 1768.3

..,..
'-0



DATE: Ma~ch.-2_._~

+
SILICATE

mg-at Si m- 3
illiMONIA

N m--3m01
I 00

TEMPERATURE

o
5

10
15

25

0.79
1.02

.94
1.08
2,30
2.63
5.63

3.14
1.83

.05

.05

.98

0.24
11.46

5.98
5.64
5.69
6.12
8.04

26.79

.18
52.40

31.05
.83

6.60 131.95
.88

\J1
0

a-
mg

21.0
36.7

O. 14.5
.36 8.9

0.12 19.1
0.01 8.8
0.58 29.4

4.40 4376.9 401.3
6.20 6237.9 566.3



---.,.--~~-'}!-----~-

+

3 P rn- 3
SILICATE

S . - 3mg-at 1. rn

.89

.10

.30
1 68
1.76

l., .96
L80
LOS
LOS
L12

0.33
0.26
0.26
o 29
0.38

7.31
3.98
4.82
5.86
5.86

29.60 34.70 5.83 106.23

i..Jl
1-'

I
a-mg rn-

._--
0.53 0.18 22.6
0.78 0.07 10.4
O. 1 0.09 11.!.f

0.25 0.48 12.7
0.39 o 32 12.7

II. 4.45 ! 39 5.7 260.2



-3m

--
.65 I .

I
0.32 I 5.98

5 I · i . .36 o. 5.31
6.14
6.03
6.03

· L I . i . I 5.86

· 2.08 , 1m . 5.69

•28
53.88 $

.43
6.03

V1
N

a_.
3M

~, -
~,,~~~

0 14.1
5 26.8

o. 13 .8
15 0.22 29.4
20 0.18 97.8
25 0.03 39.4
30 0.22 53.5

0-20 19.98 3.55 5L;90 .0 629.6
0-30 28.53 .70 9855.0 1204.9



3 Si m- 3

0 I .25 · o. 1.16
5 . 2 · . 0.50

0.50
0.67

.34
0.68 .43 . 2.01

30

I
.63 · 1. 14.60

.30

v-,
V-'

25
30

35



ILICATE
mg-at Si

4.02

.

Ul
.p..

Sec

438.6
703.2

.0

.0
3. 8

.5
10.05
17.



SILICATE
N m- J N m- J si

2.08 0.04 0.83
5 I I

O. 2 0.64 0.07 0.83I10 .08 .78 0.04 1.00
5 .08 .47 0.06 1.00

20 0.48 48 0.15 1.17
25

I O. 6 0.56 0.08 0.67
30 O. 6 1.04 O. 5 0.67

Int
0-20 4.28 23.35 ! .33 I 19.15

6.68 3 .45 2.23 2 .10

11
V1

Secch In- - - -
0 O. 3 33.8
5 O. 8 • 1 22.6

10 0.42 7.3 17.2
15 .53 7.3 23.7
20 0.56 203. 22.9
25 0 I .4 20.7
30 O. 79.3 20.7

Int
0-20 11. 73 .3 459.1
0-30 16. 5 3. 670.5







58







Si -3

0.68

I
.45 . 0.55
. 0.32 .02

. 1.89
1.45

0.76 3.51

10.48 10.45 5. .35
18.63 12.73 8. .10

a
M I -3 -~ I csmg m mg mg m 1--

-----_.
0 I 0.30 313 .6 15.1
5 0.24 329.8 5.2

0.20 .4 13.9
0.33 208.4 15.9
o. . .5 11.2
0.55 0.04 34 .8 22.6
1.23 0.00 259.6 12.6

5.53 5.80 5740.0 239.8
12.28 7 10 10.0 412.5
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Al'iMONIA
N -3 P -3mg-·at m mg-at. m3

N

0.31
0.15
0.36
0.10
0.26
2.60
4.59

0.57
0.54

0.83
0.07
0.20

0.15
0.23
0.19
0.30
0.23
1.87
2.51

29.
29.0 l ,.

29.
29.
29.67
29.95
30.03

I--,-.,--"..,-"_.-+-~-_._---------_._.j.....,_ .._.....-_.,,.,-··---"..·.·,,,.+-.,,----·.---..4·..-· ....,,,,-··----,,---··-·1-,------,,----1--------. I I

4. 5.50
20. 9.70

------,
CHLOROPHYLL PHEOPIGMENTS PARTICULATE P 1:1

a CARBON NITROGEN
-- _3 _3 _3 -3mg m mg m mg m mg m

0.85 0.55 301.8 10.9
0.63 0.42 448.0 42.1
0.30 0.31 403.4 35.9
0.19 0.25 239.6 17.3
0.14 0.13 345.2 25.5
0.57 0.22 431.6 33.2
1.09 O.ll 538.6 30.7

8.08 6 60 7067.5 567.5
13.73 8.30 11440.0 871,· .0

4.48
29.60

0'
W





3 -3 S. - 3m mg--at l m

-"-~--_.

0 7. 29.08 22. 0.00 0.00 0.01 0.00
5 29. 0.10 0.29 0.09 0.16

10 29. 0.05 0.25 0.12 0.16
15 . 0.00 0.20 0.14 0.16
20 29.78

I
0.08 0.29 0.00 0.12

25 30.06 1.44 1.67 0.14 2.88
26 0.42 0.14 L08
27 0.68 0.17 L08
30 30.20 1.00
33 30.22 0.80

0-20 0.95 4.43 I 1.78 I 2.70
0-30 16.00

- .

CHLOROPHYLL
DEPTH I a

M - -3mg m

--
0 0.44 0.35 222.6 21
5 0.33 0.40 212.4 17

10 0.39 0.36 151.0 16
15 0.31 o.41~ 344.0 14
20 0.25 0.14 461.6 17
25 0.55 0.15 302.8 17
30 0.63 0.24 246.8 16
33 0.55 0.28 468.4 20

Integral
0-20 I 6.88 I 7.23 I 5247.5 I 339
0--30 11.83 8.93 8531.8 510





____J?_>___ 5
~--,~~-_._~~--~_.~- -- --

AMMONIA PHOSPHATE SILICATE
"c " 3 N 3 P -3 S' - 3mg-at ill 1 m

----- ----~----~

0 8.36 29.08 ,6 0.08 0.09 0.09 0.10
5 7.70 29. .7 0.23 0.32 o 16 0.10

10 6.95 29.18 22.9 0.04 0.00 0.05 0.10
15 6.90 29.57 23.2 0.00 0.49 0.05 0.10
20 3.45 29. 2 23.8 0.04 0.14 0.32 0.10
25 1. 70 30.08 24.1 1.52 0.36 0.25 1.32
30 0.15 30.29 24.3 3.69 1.16 0.52 6.91
33 0.20 30.30 24.3 3.81 1.07 0.66 7.24

0-20 I 1.65

I
lL63

I
2.38

I
2.00

0-30 18.38 9.68 5.68 22.57
----- -'--"~- ----

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH I a NITROGEN

M - -3 -.3 mg m- -3 J\mg TIl mg m mg ill ---J

----- ---- -
0 0.21 0.26 141.8 10.9 Secchi 14 TIl

5 0.19 0.26 425.0 34.2
10 0.28 0.40 520.8 126.1
15 o 26 0.50 299.8 18.6
20 0.20 0.16 202.6 19.3
25 0.44 0.13 317.6 23.0
30 0.30 0.17 331.2 27.0
33 0.39 0.12 345.4 25.5

Integral
0-20 I 4.68 I 6.85 I 7089.0 I 970.0
0-30 8.13 8.33 10011.5 1200.8
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~10NIA I PHOSPHATE SILICATE
o J N _3 mg-at N m- 3 mg-at P 3 S' - 3mg'"""at .I. m mg-at 1 ill

. .. -_.

0 14.5 28. .6 0.19 0.62 0.51 0.65
5 14.10 .98 21.6 0.05 0.56 0.38 0.48

10 28.98 0.05 0.44 0.31 0.65
15 12.46 29,10 22.0 0.05 0.49 0.27 0.81
20 12 37 29.47 22.3 o.()5 0.58 0.24 0.81
25 9.60 29.47 22.7 0.05 0.65 0.10 0.65
30 6.74 29.87 23. 0.44 o 98 0.17 2.43

0-20 I 1.35 10.45 6.68 I 13 .35
0-3 1.85 17.60 8.20 I 24.70

rHT HlJl'HY

DEPTH I a
M

- _3
mg m - - - 0\

I.D,
0 0.10 0.10 414.2 30.3
5 0.02 0.17 155.2 10.3 I Secchi th: 13 m

10 O.ll 0.41 157.0 14.8
15 0.25 o 41 169.6 16.1
20 O.ll 0.40 104.1 9.5
25 0.07 0.26 44.8 2.4
30 0.21 0.24 70.3 6.1

Integral
0-20 I 2.43 I 6.20 I 3700.5 I 305.5
0-30 3.58 9.10 Lf360.0 356.3



25

'-..!
o

0-30
6.
8 05

4.78
9.1

.9

.2
423.5
556.4



15

25

Jul 17, 978

17.2
17.4
15.2
13.0

SAL
0/

28.
29.13
29.17
29.25
29.36
29.94
29.94

20.9
21.0
21.5
22.0

NITRATE +
TE

')

mg-at N m--)
AMMONIA

N mg-at P
SILICATE

mg-at Si m-3

--------------------

CHLOROPHYLL PHEOPIGMENTSIPARTICULATE PARTICULATE
DEPTH a CARBON NITROGEN

M mg-m-3 mg mg m-3 mg m-3
f -.l--...-,,~ ... - .- - - - _.- - -,-_._-_._-~ _.~. - - .. ~ - . - - - -_.__ .._.- - _.- -- - ----

0 0.28 0.13 673.3 21.1
5 0.35 0.13 2985.0 675.5 I Secchi Depth: 11 m

10 0.28 0.29 239.7 12.0
15 0.11 0.18 194.3 16.9
20 0.12 0.18
25 0.07 0.21 117.0 6.3
30 0.03 0.17 132.6 7.7

Integral
0-20 I 4.70 I 3.78
0-30 5.43 5.70 i 20469.1 I 3685.3



.85

L05
1.24

.23

.33

a
3mg

-..,J
N

0.49 0.34 186.0 14.0
0.53 0.35 255.3 25.6 I Secchi :llm
0.67 0.33 226.8 26.6
0.81 0.30 226.9 28.8
0.71 o. 220.4 21.6
0.11 0.45 219.0 30.1
0.2 0.31 348.0 30.1

13 .05 6.50 4561.2 494.1
15.90 10.28 7074.9 773.6



DATE: 1918
-- - - ~ -._- -- - -"-"- - - ---•.~--- --- ._----- ---c---..---- ---- - ----

NITRATE +
DEPTH TEMPERATURE Sl\LINITY DENSITY NITRITE AMMONIA PHOSPHATE SILICATE

"c "1"0 >;r - 3 N m- 3 P m- 3 S' - 3
1. m mg-at 1 m

""-. _..~--,~_.~~~~ --~--_.- --- - - - - - ------------------
0 18.0 0.16 0.12 3.50
5 19.01 38.30 20.0 0.14 0.11 3.55

10 28.24 0.10 0.04 3.27
15 18.50 28.56 20.3 0.40 0.18 3.26
20 14.11 30.08 22.3 0.01 0.11 3.38
25 10.73 30.18 23.1 0.14 0.04 12.36
30 4.86 30.62 24.3 0.23 0.16 19.26

Integral
0-20 3.63 2.23 67.69
0-30 4.93 3.10 166.00

-- f..---

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH a ~ .~~" NITROGEN

M mg-m- 3 -3 mg m- 3 -3mg m mg m
'--- -

0 0.31 O.Olf 226.5 26.6
5 0.32 0.08 204.0 16.1 Secchi :llm

10 0.29 0.20 170.0 17.9
15 0.32 0.53 142.2 20.8
20 0.39 0.73 186.9 27.2
25 0.23 0.30 135.0 19.0
30 0.10 0.30 281.1 37.5

Integral
0-20 6.40 5.98 3614.8 409.0
0-30 8.78 10.05 5459.7 665.6

-.t
U-l



SILICATE
3 Si m- 3

- - - - - -
0 .9 . L 0.40 7.31

o.lfO 14.30
0.29 .30

18.51 . .18 6.45
15.35 0.19 0.33 8 76

1.29 2.01 0.65 13.17
4.18 0.37 0.32 24.75

21.25 6.18 185.43
32.70 11.05 335.05

-~.__ .- - --

a
- -3 mg m- 3mg m

"-.l
~

0.45 0.00 178.9 I 13.0
0.52 0.00 219.0 20.0 I Secchi 10 m
0.13 0.14 154.0 15.7
1.46 0.00 138.4 16.8
0.52 0.00 180.6 16.8
0.16 0.14 312.7 57.4
0.02 0.19 399.7 21.4

12.98 0.71 3455.7 336.5
15.13 1.90 6470.1 718.9



DATE: 1978
1------ -----~-

NITRATE +
DEPTH TEMPERATURE SALINITY DENSITY NITRITE

°/"" N m- 3

~-----~-~----
",,-

0 19.6 28.21 19.7
5 20.62 28.70 19.8

10
15 20.01 28.71 20.0
20 16.37
25 11.40
30 4.65

- --_._._...•. f-··

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH a CARBON NITROGEN

M mg-m- 3 mg m- 3 mg m- 3 mg m- 3

- --
0 0.07 0.11 195.3 16.1
5 0.31 0.00 165.0 11.1

10 0.91 0.00 178.3 14.6
15 0.45 0.00 165.9 13 .4
20 0.55 0.33 191.6 18.0
25 0.26 0.16 527.4 84.9
30 0.05 0.28 219.0 37.5

Integral
0-20 9.90 1.10 3512.9 280.6
0-30 12.70 3.43 7173.4 619.1

.._'---

---------;--'

AMMONIA PHOSPHATE SILICATE
N m- 3 P -3 S. - 3mg-at m mg-at 1. m

_._._.__._~-~-----' ~"._---_.,_ ...-

-...J
lJ1



SILICATE
N

3 N 3 I P 3 Si m- 3

,-------

° . L57 I L84 6.88
5 18.30 . 0.30 0.16 3.41

10 0.69 I 0.06 5.25
15 18. 28. 20, 0.70 o 07 4.68
20 18.40 .7 .4 0.44 0.15 4.37
25 18.27 28.7 .5 0.42 0.23 4.51
26 28.94 0.47 0.16 7.88
28 29.00 0.24 0.06 5.81
30 29,02 0.65 0.32 9.98
32 29.03 0.08 0.15 12.11
33 It;, .If 29.96 22.2 0.56 o 24 15.56
34 29.99 1.58 o 16 16.19

(}-20 13 .48 6.43 94.78
0-30 18.30 8.75 153.25

--...l-,--, -~-- ()\

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH I a CARBON NITROGEN

M
- -3 -3 -3 -3mg m mg m mg m mg m
-,

0 1.03 0.23 166.7 8.9 I Secchi Depth 11 m
5 0.80 0.36 202.2 23.0

10 1.94 1.04 48.4 1.2
15 0.68 0.42
20 0.57 0.38 I 127.2 I 13 .9
25 0.68 0.36 107.6 9.7
26 0.09 0.04
28 0.80 0.57
30 0.91 0.30 I 92.3 I 2.0
32 1.03 0.29
33 1.83 0.86
34 1.03 0.39

Integral
(}-20 I 21.10 I 10.63 I 2426.8 I 215.8
0-30 28.35 14.08 3513.5 426.3



DATE: 1978)
1---,---- -----,--_. --------_..- --'"'.,------ ---_.._---------1--._----- --

NITRATE +
DEPTH TEMPERATURE SALINITY DENSITY NITRITE AMt40NIA PHOSPHATE SILICATE

"c "/"0
N _3 N m- 3 P m- 3 S' -3. m rng-at 1. m

1------- ._---_._~,
-~--"--,._. ---~.- _._._--- ._"---

0 28.97 0.19 0.23 0.20 5.34
5 18.17 28.99 20.7 0.43 0.27 0.11 5.10

10 18.17 28.97 20.7 0.37 1. 74 0.29 9.08
15 18.15 28.99 20.7 0.37 2.06 0.22 5.93
20 18.20 28.98 20.7 0.38 0.47 0.10 10.15
25 18.08 29.01 20.7 0.14 0.08 7.02
28 29.07 0.19 0.21 6.13
30 13.59 29.34 21.9 0.60 0.42 11.81
32 29.55 2.48 0.75 17.66
34 29.93 4 .91 1.07 26.09

Integral
0-20 7.28 22.10 3.85 139.28
0-30 10.43 5.55 229.28
-- '---.

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH a CARBON NITROGEN

M mg-m- 3 mg m- 3 mg m- 3 -3mg m

--- f--.-_.- .- - ----- _._--- - ._.- - '" --
0 0.80 0.83 316.0 27.5
5 1. 71 0.23 497.7 43.6

10 1.94 0.43 375.5 38.9
15 2.05 0.36 258.4 25.5
20 1.94 0.37 375.4 37.9
25 2.17 0.36 214.7 21.3
28 2.17 0.25 303.8 34.4
30 1.37 0.63 252.8 22.6
32 1.14 0.23 148.9 17 .8
34 0.57 0.22 292.7 28.0

Integral
0-20 35.35 8.05 7386.5 703.5
0-30 54.48 12.40 10030.5 961.3

--.J
--.J



--- -~-_..,- --

PHOSPHATE SILICATE
mg-at N m- 3 P 3 S. -3

1. m

-_._-.-_.•"- ~,._---- _.'- -- - - -------
0.36 3.51
0.40 3.28
0.13 3.09

3.90
0.12 3.32

0.25 I 0.26 3.56
1.42 0.81 16.38

3.85 68.43
8.18 135.48

3

1.77
1.57
o 38
1.01
0.38
0.12
2.19

20.18
27.20

mg-at N

20.8
22.3

17.99
12.Lf 4

17.43

18.25
18.25

"-"::-2.._ ..__~.~~>~=---~ 0605DATE:

---
CHLOROPHYLL IPHEOPIGMENTS

a
I- -3 rug m- 3mg m

-
1.14 0.33
1.45 0.39 825.8
2.47 0.51 565.1
1.83 0.38 407.9
1.37 0.10 379.2
1.83 0.07 280.9
0.68 0.21 175.1

35.03 7.48 1077 4.5
49.30 8.60 13564.8

PARTICULATE
NITROGEN

-3mg m

22.8
52.8
69.1
40.1
34.4
38.4
19.8

953.0
1280.5

-....l
00



DATE: t 31 1978 50)
,.....------_. _w_"~_._",,______.,__,_,,~___. ---"--'-

NITRATE +
DEPTH TEMPERATURE SALINITY DENSITY NITRITE AMMONIA PHOSPHATE SILICATE

°c 0/00 N -3 N m- 3 P -3 mg-at Si m 3mg-·at m mg-at m

1--'
_. _._-- _._.

-~._-

..__.

25 17.92 29.04 20.8 0.32 0.08 0.24 3.60
26 17.90 29.05 20.8 2.16 0.82 0.10 4.15
28 29.13 0.23 L04 0.30 5.72
29 14.05 29.34 2l.8 l.05 0.38 0.88 12.76
31 8.90 29.77 23.1 3.91 2.46 L03 22.04
33 5.53 30.21 23.9 3.94 2.74 0.60 27.27
34 6.29 30.13 23.7 5.33 3.06 0.82 26.41

f---------.- ._ .._-'-'~
-_._-_.

---~-

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH a CARBON NITROGEN

M - -3 _3 _3 -3mg m mg m mg m mg m_...
-~~_ ....-

25 1.60 0.30 172 .2 21.1
26 1.94 0.16 297.1 27.3
28 1.71 0.23 358.4 37.9
29 3.88 439.0 45.6
31 0.57 0.27 567.0 48.3
33 0.23 0.40 331.9 39.2
34 0.34 0.29 121.1 6.9

-'-

-...r
1..0



DATE:

NITRl!:rE
DEPTH TEMPE RATlJRf: DENSITY NITRITE AMMONIA PHOSPHATE SILICATE

0/ " mg--at N 3 N - 3 P m
_3 S' -31 m 1 m

0 28, 3 0.12 o 3Lj· 3.18
5 18.40 . . 0.16 0.18 3.07

10 18.32 28. . 0.20 0.23 2.84
15 18.20 2 "' 20.7 0.44 0.17 2.87
20 18. 2 28.97 20.7 0.24 0.21 3.10
25 18.02 . 20.7

I
o 18 0.26 3.25

27 14.81 0.21 o 54 10.91
29 13.70 1.13 1.15 15.36
30 13.68 29.36 21.9 1.35 0.66 12.78
31 10.95 3.24 0.79 21.45
32 6.66 3.69 0.76 23.43

Integral
0-20 4.90 4.28 59.60
0-30 9.78 7.75 115.55

-- --- --
CHLOROPHYLL PHEOPIGl'iENTS PARTICULATE PARTICULATE

DEPTH a CARBON NITROGEN
M mg-m- 3 mg m- 3 mg m- 3 mg m- 3

0 1.71 0.18 307.3 32.0
5 1.14 0.07 418.6 31.5

10 1.14 0.38 687.1 50.6
15 1.37 0.47 491.5 43.4
20 1.48 0.46 291.1 27.8
25 1.26 0.43 298.9 28.5
27 2.28 0.03 223.0 15.4
29 0.46 0.38 65.2 7.2
30 0.80 0.25 128.3 7.4
31 0.46 0.23 230.9 22.8
32 0.34 0.45 158.6 24.0

Integral
0-20 26.20 6.20 9482.0 777 .0
0-30 38.23 10.13 12025.0 1007.5

~---_.__ ._- - - --_.-

co
o



DATE: 1978

Q:l
I-'

)NIA PHOSPHATE SILICATE
N - 3 P m- 3 S' - 31 m mg-at ]. m

--'-
.23 0.10 2.93
.00 0.15 2.21
.06 0.23 3.00
.18 0.29 5.79
.16 0.60 14.24
.70 0.95 22.16
.87 0.54 17.98

.78 8.23 152.73
"

_._..

6

o
o
o
o
o
1
1

ANM'
rug-a

------- --~~-~

NITRATE +
DEPTH TEMPERATURE SALINITY DENSITY NITRITE

°c %0 mg--at N m- 3

--c--------_._-------- 1--'_...._----_.,-- ---.------_.-
0 18.36 28.99 20.6 0.18
5 18.37 28.98 20.6 0.10

15 18.35 28.98 20.6 0.29
25 17.00 29.47 21.3 0.09
27 12 .29 29.47 22.3 1 31
30 8.71 29.87 23.2 4.36
32 7.56 29.98 23.4 3.66

Integral
0-30 15.68

.._,,--,._~ ~_..~_.-----1-------'
CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE

DEPTH a CARBON NITROGEN
M - -3 -3 -3 -3mg m mg m mg m mg m

.-
0 1.48 0.25 284.9 37.9
5 1.94 0.00 314.9 36.9

15 1.94 0.16 256.6 35.4
25 1.71 0.00 147.6 32.7
27 2.17 0.04 304.0 38.4
30 2.05 0.00 261.4 25.3
32 0.34 0.13 346.7 19.5

Integral
0-30 55.60 2.23 7400.5 103Lf .0

,-_._--'-------- _._----



DATE: 1 1978
--------.1-.~-·------·---·1-----··---·---1--·-·----------1-----···--

NITRl\TE
DEPTH i TEMPERATURE SALINITY I I AMMONIA PHOSPHATE SILICATE

" I I '-J _.3 N - 3 P -3 S' -3
! "0 rng·-at L m rng--at m mg-at m rug-at 1. m

--~"'--~--

0 I 15. 28.35 20.7 1.50 o 69 5.23
5 16.69 28. 5 2L 1.37 0.49 3.07

10 16.68 28.99 21.0 1.10 0.38 2.66
15 28.96 1.26 0.43 2.83
20 16.70 28.98 21.0 2.03 0.30 2.89
25 16.62 28.97 .0 1.l,3 o 27 2.97 22.16
30 29.99 1.45 0.20 3.04

0-20 27.48

I I
8.98 I 63.10

0-30 43.33 10.58 93.03

CHLOROPHYLL PHEOPIGMENTS PARTICULATE P.ARTICULATE
DEPTH a NITROGEN

M mg-m- 3 mg m- 3 -3mg m
(X)
tv

0 1.14 0.75 207.7 26.0 I Secchi Depth: 9 m
5 1.26 0.85 232.6 20.8

10 0.57 0.69 327.6 37.7
15 o.3 l , 1.81 251.3 27.0
20 0.80 0.78 149.8 15.9
25 0.57 0.59 183.3 18.7
30 0.34 0.55 227.6

Integral
0-20 I 15.35 I 20.58 I 4949.5 I 532.0
0-30 21.40 26.85 6805.5



DATE: October 11~ 1978

00
w

SILICATE
mg-at Si m- 3

------4--------------------1

Secchi Depth: 12 m

AMMONIA I PHOSPHATE
N m- 3 mg-at P m- 3

---- - •• - • - ••- ---- - - - -·1- - - - - Ir-------_.- ~~ ..,,--_..._._ ..._------

NITRATE +
DEPTH TEMPERATURE SALINITY DENSITY NITRITE

°c °/00 N m- 3

----~. - ~~-~ --------------------_.• --
0 lL7 28.83 21.9
5 12.63 28.82 21.7

10 12.76 28.82 21.7
15 12.60 28.81 21.7
20 12.75 28.82 21.7
25 12.63 28.82 21.7
30 28 84

----~-----
-~....•

CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE
DEPTH a CARBON NITROGEN

M - -3 -3 -3 -3mg m mg m mg m mg m
'-. .----- _. - .---

a 0.80 0.00 254.2 16.4
5 1.25 0.00 121.5 13.5

10 0.34 0.50 111.2 13 .1
15 1.14 0.17 170.9 17.3
20 0.46 0.44 139.3 16.9
25 0.57 0.11 15.3
30 0.91 0.24 201.1 21.1

Integral
0-20 16.80 4.45 3002.0 302.1
0-30 23.08 6.70 4704.0 473.6

,-----



+
AL'1MONIA PHOSPHATE SILICATE

0 N m"";) I mg"-at N m- 3 mg-at P m
_3

mg-at Si m- 3

-
0 11. 28 o8it .0 1.30 1.24 15.32
5 12.10 28. 21.8 1 .4L, 1.02 5.26

10 12.09 28.73 21.7 1.34 o. 4.14
15 11.91 28.75 1.8 L15 0.74 3.41
20 12.00 28.76 1.8 L09 o 73 2.98
25 11.87 28.78 21.8 1.07 0.64 2.56
30 28.80 1.08 0.62 3.28

25.63 18.60 109.80
36.40 25.20 132.25

PARTICULATE
a NITROGEN

I
- _3

M mg m- mg ill
::Xl
~

0 0.34 0.13 172 .2 17.7
5 0.34 0.18 130.9 15.3

10 0.11 o 36 140.1 18.9
15 0.23 0.24 204.0 23.6
20 0.11 0.25 196.4 13 .2
25 0.23 0.08 152.2 11.5
30 0.11 0.15 248.7 23.8

4.53 4.85 3228.1 366.1
6.23 6.25 5167.8 515.8



DATE: October 30, 1978
---- - ~._-_.- --~>_._-- .-'-'-_.._,.'- -'._---,-,

NITRATE +
DEPTH TEMPERATURE SALINITY DENSITY NITRITE

°c 0/ 0 N m- 3

- ~_._"_-"_"'-; -,- - - --" --"-~'.---- ...•_,... __._---"- ..

0 9.3 28.81 22.3 0.62
5 0.68

10 28.82 0.61
15 28.79 0.39
20 28.81 0.53
25 28.81 0.63
27 10.24 28.83 22.1 0.38
29 10.37 28.81 22.1 0.37
30 28.83 0.32
31 10.00 28.82 22.2 0.37
32 28.84 0.45
33 10.36 28.83 22.1 0.41

Integral
0-20 10.95
0--30 16.23

._. - -
CHLOROPHYLL PHEOPIGMENTS PARTICULATE PARTICULATE

DEPTH a CARBON NITROGEN
M - -3 mg m- 3 mg m- 3 -3mg m mg m

_..

0 1.08 0.00 144.8 12.7
5 1.14 0.07 158.1 16.4

10 0.80 0.00 104.6 7.4
15 0.74 0.00 173.0 12.7
20 0.77 0.04 217.5 13.2
25 0.63 0.02 176.7 16.1
27 0.91 0.06 840.9 71.3
29 0.71 0.10 144.9 11.9
30 0.60 0.01 565.1 33.9
31 0.75 0.08 158.7 10.5
32 0.57 0.09 438.9 37.1
33 0.43 0.28 277 .6 31.8

Integral
0-20 16.71 0.45 3084.3 247.3

0-30 24.60

._-

A..~10NIA PHOSPHATE SILICATE
mg-at N m- 3 mg-at P m- 3 S' -3mg-at 1. ill

--- .._.-_.'- _.-_._-~
- - ~ - _._~_.__.,-

0.51 0.51 2.90

0.44 0.41 2.93
0.30 0.34 2.53
0.17 0.47 3.08
0.33 0.45 2.80
0.38 0.40 2.84
0.21 0.39 2.79
0.65 0.28 1.80
0.37 0.32 2.71
0.61 0.42 2.63
0.27 0.40 3.08

8.80 8.50 56.83
12.55 12.55 83.03

(Xl
U1



DATE Novep1b~r lx__97

DEPTH TEMPERATURE
o

NITRATE +
NITRITE

mg-'at N m- P m- 3
SILICATE

rug-at Si -3m

.-- - --+-------,,---~----,-~..--------,--- -f---·..·--,·-------------l·--------..·--,---+------------j!----------t----------;
o
5

10
15
20
25
27
29
30
31
32
33

0-20
0-30

9,2
10.3
10.4
10.2
10.3
10.1
10.2
10.2
10.2
10.1

28.73
28.68
28.75
28.81

82
83
83
84
83
84
86
85

.

.0

.1
22.1
22.2
22.1
22.1
22.1
22.2

0.65
0.70
0.60
0.56
0.49
0.41
0.61

0.46
o.lf3

0.61
o.lfO

12.15
16.58

o 85
1.52
0.58
0.62
0.74
0.67

17.58

o 52
0.58
0.94
0.47
0.45
0.53
0.53

0.50
o 39
0.49
a .lf4

12.38
17.40

4.85
5.38
4.63
3.71
3.27
2.65
3.26

3.51
3.00
3.31
2.47

88.90
119.10

ex:>
0\

24.4
31.6
30.1
25.1
37.8
38.2
14.3
17.9
43.0
28.2
84.2
16.1

589.5

NITROGEN
-3mg m

282.0
352.9
356.8
273.5
414.6
306.3
153.7
188.5
342.5
344.5
607.9
180.9

6657.5

PARTICULATE
CARBON

-3mg m

6

a
- -3mg m

0.80
1.00
0.80
0.66
0.64
0.68
0.53
0.38
0.63
0.40
0.43
0.41

15.90

CHLOROPHYLL
DEPTH

M

o
5

10
15
20
25
27
29
30
31
32
33

Integral
0-20

0-30 22.48 1.70 10081.8 I 982.0 I
:....-_--...:.-__.. _---,-----'--,----- '. .. .... .. .. .... - .. - - ...... - -- - _.. - .. --
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Appendix II

Sedimentation and Organic Carbon, Nitrogen and Plant Pigments In Settled

Material collected at Station 7



~_.,_____.__._____•___~.~'~~,,~__.",.~".~__~~_.,__...__~>_~.~__w,__ -,,-,'._,--
Dates of ited Percent a Pheopigments

Carbon Nitrogen
- g g-l

~-~........----,--,,,-- --.--- - -""-'"-,.__.- -'-~~-'-'----~"'._"'~~~'~~,",-~,'---~'--_._------"---".

24/4-2 25 2.879 .419 2.05 0.23 253.1 153.1

2/5-8/5 22 7.206 .693) 1.65 0.21 234.2 290.5
25 7.270 849)

8/5-16/5 22 6.456 (1.303 3.92 0.46 79.5 219.3
25 3.361 4.47 0.55 142.9 214.3

16/5-29 22 2.233 .388 6.05 0.86 181.9 150.9
25 4.227 (0.674) 5.87 L81 111.1 173.3

29 /6 22 1.133 .576) 5.37 0.53 37.1 162.9
25 2.587 ( .111) 4.76 0.49 66 7 380.3

5/6-19/6 22 0.493 .090) 8.98 L84 181.8 254.8
25 0.993 (0.217) 4.72 0.66 249.7 320.2 (X)

00

19/6-4/7 22 2.977 (0.166) 5.15 0.78 205.0 473.3
25 2.890 (2.390) 6.53 0.77 181.8 486.4

4/7-10/7 22 1.217 (0.060) 6.48 0.92 27.6 320.0
25 1.293 (0.075) 6.58 0.98 36.5 362.9

10/7-17/7 22 L097 (0.152) 4.52 0.42 14.1 151.5
25 1.200 (0.156) 9.26 0.37 226.8 (35Lf.7)*

17/7-31/7 22 0.850 (0.219) 5.28 0.59 70.6 240.6
25 1.280 (0.127) 5.17 0.72 102.7 346.5

31/7 -14/8 22 0.787 (0.121) 8.21 1.06 (138.6)* (266.9)*
25 1.760 (0.111) 4.68 0.62 (131.8)* (327.5)*



Dates of Depth ited Percent Chlorophyll a Pheopigment s
Exposure (s.d.) Carbon Ni trogen g g-l - g g-l

,-"~-"._----,-~~-------~-----~---"

28/8-11/9 22 1.013 0.090) 1.41 0.28 206.6 293.1
25 L053 (0.012) 3.37 0.34 160.9 308.5

11/9-11/10 22 '+.197 (0.270) 4.77 0.87 147.7 396.6
25 5.127 0.977) 6.74 1. 31 169.0 272 .1

11/10-22/10 22 10.333 0.718) 8.62 1.43 135.1 128.2
25 7.740 1. 230) 7.25 1.34 30.6 31.0

22/10-30/10 22 14.027 ( .702) 2.19 0.33 159.8 155. 7
25 14.805 0.192) 2.00 0 • .30 74.4 131.3

------_. "--

* values calculated as an average of measurements on dates preceeding and following this date.

00
1.0
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Appendix III

Organic content of dry surface sediment (upper 1-2 cm) collected at

station 7 in St. George~ Bay during 1978



~---~--.------~-~-~~~.--,-.>--~.- ---
Percent a Pheopigments- 1 Carbon:Chlorophyll ~Date Carbon C:N ).l g

-,---~".._----_.~-->-~--_.~~---~,'.~---~~~","---~-_.
8/5 0.29 o.OLI .25 10.6 35.9 273.6

16/5 1.04 0.14 7.42 6.6 11.2 1575.8
29 0.96 0.14 6.86 2 • L~ 8.3 4000.0

5/6 L07 O. 10.70 3.0 12 .5 3566.7
19/6 1.30 0.15 8.67 30.6 59.4 424.8

417 0.86 0.08 10. 5 14.8 34.9 581.1
1.17 O. 2 9.75 4.5 15.8 260.0

17 1.29 o. 12 .90 4.7 31.9 2744.7
31/7 .06 o. 8.83 8.1 19.3 1308 6
14/8 0.89 0 9.89
11 1.23 0.12 10.25 25.1 23.5 490.0
11/10 1 32 o 18 7.33 11.8 11.2 1118.6
22/10 0.87 0.10 8.70 16.7 42.7 520.9
30/10 1.85 0.16 11.56 3.8 14.9 4868.4

Mean 1.09 0.12 9.35 11.0 24.7 1671.8
0" 0.34 0.04 1.80 8.8 15.3 1587.5 \.0

c.v. 0.32 0.30 0.19 0.80 0.62 0.95 f-'




