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Abstract

Six cruises were made from May, 1978 to May, 1979 to measure the

regional distributions of chlorophyll, silicate, nitrate and nitrite,

phosphate, temperature, and salinity in the vj.cinity of Nantucket

Shoals on the New England continental shelf. A summary of the hydro-

graphic observations made on the first three cruises has already been

presented in Limeburner and Beardsley �979! . A summary of the bio-

logical data obtained on five of the six cruises and the hydrographic

observations made during the last three cruises is presented here in

graphic form.

1. Introduction

This report presents preliminary results of six hydrographic

cruises made in the Nantucket Shoals region of the New England contin-

ental shelf. These cruises are part of a Sea Grant-supported research

program designed to: a! measure and document the spatial and temporal

structure and variability of the water properties in the Nantucket

Shoals/Great South Channel region over one annual cycle; b! conduct

a pilot moored current meter array experiment to obtain direct meas-

urements of wind-driven and other subtidal transient currents; and c!

synthesize the new hydrographic and current data into an improved cir-

culation scheme for Nantucket Shoals. In addition, surface chlorophyll

and nutrient data were obtained during the hydrographic cruises. A

total of six surveys were completed at approximate intervals of one

cruise every two months. The first hydrographic survey, Cruise NSlg

was conducted May 28-June 2, 1978; the second survey, Cruise NS2, on

July 15-20, 1978; the third survey, Cruise NS3, on September 14-19,

1978; the fourth survey, Cruise NS4, on January 23-29, 1979; the fifth

survey, Cruise NS5, on March 22-26, 1979; and the sixth survey, Cruise

NS6, on May 19-23, 1979. All six =ruises were completed on the MIT

65-foot converted T-boat, the R/V EDGERTON. CTD stations were taken

approximately every five nautical miles along a cruise track which



covered the coastal zone between one and fifty nautical miles offshore,

and in the general area to the east and south of Cape Cod, Nantucket,

and Narthas Vineyard. A summary of the hydrographic station data ob-

tained during the first three cruises is given by Limeburner and

Beardsley �979! in WHOZ Technical Report 79-30. The hydrographic

data obtained during the last three cruises is presented in this report

as well as maps of the surface hydrographic data from all of the cruises.

Biological data obtained on five of the cruises is also presented here.

The cruise tracks for all six cruises are shown with station locationsg

the station numbering scheme, and the regional topography. At station

locations where strong tidal currents produced a vertically mixed water

column, only a surface water sample was taken. A total of 10 CTD sta-

tions were taken on Cruise N84, 24 CTD stations on Cruise NS5, and 29

CTD stations on Cruise NS6. The CTD data has been edited and. analyzed

at WHOI and 2 decibar averaged profile data has been submitted in GATE

format to the National Oceanographic Data Center, Washington, D. C. 20235.

2. Instrumentation

A. CTD

A Plessy model 9040 CTD fish with a Plessy model 8400 digital data

logger was used as the profiling instrument on all six cruises.

B. Calibration Sara les

Surface nutrient and salinity samples were obtained at each station.

Deep calibration samples were obtained using standard Nansen bottles at

stations where the vertical salinity and temperature gradients were min-

imal. Surface temperature was measured with a Hewlett-Packard model

2850c quartz crystal temperature sensor. Normally, the CTD profile was

begun at a depth of 2 meters, but frequently heavy seas required lower-

ing the CTD fish to a depth of 4 meters before the profile was begun.

The procedure was to attach the Nansen bottle 4 m above the CTD fish and

lower the instrument to within 5 m of the bottom for a continuous down

profile. The CTD fish was then raised until the Nansen bottle was



located in a zone of minimal temperature and salinity gradients as

estimated from the analog temperature and conductivity downtraces.

The winch was stopped and 5 minutes were allowed for the reversing

thermometers to equilibrate before the bottle was tripped. The fish

was then raised 4 m, the three instrument output frequencies logged,

and then the fish was brought back to the surface. The Nansen bottle

temperature represents the average of two protected thermometer meas-

urements and has an estimated accuracy af +.005'C. The salinity of

the surface and deep water samples were measured at Woods Hole within

a week after each cruise.

C. Biol ical Sam lin

Continuous underway chlorophy il fluorescence was measured with a

Turner Design 10-005R fluorometer equipped with a blue lamp, and Corn-

ing 5-60 and 2-64 excitation and emission filters. Analogue outputs

were recorded on a dual pen strip chart recorder. Water was supplied

by a Jabsco impeller pump and opaque rubber hose from the ship's cool-

ing intake sea chest  nominal depth about 1.5 meters!. The cuvette was

cleaned and the instrument blanked with distilled, deionized water when

necessary. Calibration samples were taken from the outflow every 30

minutes or upon arrival an station , whichever was less. The sample

�35 ml! was filtered onto Reeve Angel 984H glass fiber filters under

20 cm Hg vacuum, and the filter immediately frozen over dissicant at

-20 C. Surface �.5 m! phytoplankton samples �25 ml! and nutrient

sampjes �0 ml! were also taken from the fluorometer outflow and were

preserved with Lugol's iodine or frozen in aged plastic bottles,

respectively.

Discrete chlorophyll and nutrient samples were taken from the

Nansen battles used in conjunction with the CTD  section 28! and were

treated as described above.

Chlorophyll and nutrient samples remained frozen until analyzed

at MSRC or Brookhaven National Laboratory, respectively. This took

place within two weeks for chlorophyll, and within one month for



nutrients except that the March nu=rient samples from NS5 were

analyzed in July. Chlorophyll and pheophytin were determined fluoro-

metrically following grinding in 90% acetone and filtration, using

a Turner Designs fluorometer. This instrument was calibrated using

freshly chromatographed chlorophyll a obtained from spinach  courtesy

T. Owens, BNL!. Concentrations of this stock were determined using

extinction coefficient of 91.0 1/cd cm at the red peak measured on

an Aminco DW-2 spectrophotometer. The calibration was checked period-

ically with coproporphyrin standards, and is considered accurate to

within +10%. The coefficient of variation for triplicate samples is

approximately 5% for the technique

Nutrients were analyzed on an Autoanalyzer Technicon couple in-

terfaced with a Hewlett-Packard 9845 computer. Methods and precisions

are given in Strickland and Parsons �972! .

A Northstar 6000 Loran-C instrument was used on each cruise for an

estimated position error of +.1 nautical miles at each station.

3. Data Anal sis

The raw data tapes were first edited for proper header information

and file structure using the WHOI computer program "TIDE". A second

test of the structural integrity of the data files was made with pro-

gram "PLSSY"  written by W. Sass! which transcribes the raw data into

CTD format and detects any bad scans which are located in the data

files. The data was then processed with program "AAA", a multi-level

general CTD processing program written by J. Vermersch. This program

can be used to: �! apply user-specified calibration constants; �!

correct for sensor time lag; �! compute salinity, sigma-t, and other

derived variables; �! edit up to four variables via first-difference

or acceptable range methods; and �! sort the data by pressure to pro-

vide a uniform pressure series. The linear corrections determined from



the calibration temperature and salinity measurements were not applied

to the instrument temperature and conductivity data since the correc-

tions were not significant in relation to the mode of presentation of

the data.  The calibration results are discussed in the next section

and the mean offsets of the CTD data listed in Table 1.! A time lag

of 2.5 scans  .625 sec! was used on all stat:ion data from the six

cruises. Previous hydrographic data analysis with the Plessy system

experienced "spiking" of the salinity data in areas of strong tempera-

ture gradients due to the different time constants associated with the

conductivity and temperature sensox's of the fish. The spiking effects

were minimized by the choice of time-lag given above, first difference

editing of the data, and by pxessure sorting at two decibar intervals

with a least-square technique which gives the "best" value of each

measux'ed or computed variable at the center of each two-decibar inter-

val. The two-decibar pressure-sorted data has been submitted in GATE

format to NODC and has been used on all subsequent analysis and graphical

presentations.

4. Error Anal sis of the H dro ra hic Data

Instrumental error in the hydrographic data is related to two pos-

sible sources:  a! an offset associated with the instrument calibration

and obtained by comparison with the Nansen bottle data, and  b! the dif-

ferential response time associated with the temperature and conductivity

sensors in regions of strong vertical gradients. Table l summarizes the

mean offset and standard deviations computed between the Nansen bottle

and CTD calibration data. The offsets were calculated at CTD stations

where no vertical temperature or salinity gradient was observed when the

Nansen bottle was tripped. Plots of offset versus station number showed

no x'ecognizable calibration drift. The offsets given in Table 1 are

small relative to the mode of presentation of the data, and thus the cor-

rections were not applied to the data.

Vertical profiles and T/S diagrams indicated "spiking" of the salin-

ity data in areas of strong, mid-level temperature gradients due to the
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Table l. CTD Calibration Results

+.006'C108 .016'CNS1

�. 001 /, .015 /

.021oC120 ~ 010oCNS2

� .015 / .014 '/oo

001 oC .011 C100NS3

�. 004 / 014 o/

10NS4

� .004 CNS5 24 014 oC

�. 007 o/ 006 '/

009oC29 .011oCNS6

� .009 / .009 /

Number of

Cruise CTD Stations Variable

T emp

Salinity

Temp

Salinity

Temp

Salinity

Temp

Salinity

Temp

Salinity

Temp

Salinity

Average Of fset Standard Deviation
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different time constants associated with the conductivity and tempera-

ture sensors. The spiking effects were minimized by first difference

editing of the data and by pressure sorting at two-decibar intervals,

but unstable density stratification associated with a salinity spike

is still apparent in approximately 1% of the edited data. When these

apparent salinity and density errors were observed in the edited data

a new salinity was calculated such as to give minimum stability to the

density structure. These calculations were applied. to the graphical

data included in this report and were not applied to the edited data.

Spiking in the hydrographic data wa: not evident during the two winter

cruises when the water column was vertically well mixed in the top 100 m.

Each cruise lasted approximately five days so the data should be

fairly synoptic in time. However, strong tidal currents essentially ad-

vect the hydrographic structure about the shoals in an elliptical pat-

tern so there is an inherent noise level in the horizontal structure on

the order of the N tidal excursion,. or 15 km.

5. Data Presentation

The chlorophyll and nutrient data for all cruises are presented in

tabular form by cruise, station, and depth in Appendix A and as hand

contoured surface distributions. One vertical section of all variables,

taken 21 May 1979 eastward from Pollock Rip, is presented separately.

Surface  L.5 m! chlorophyll distributions were contoured using primar-

ily discrete calibration and station values, and interpolated with the

aid of the continuous fluorometric record.

B. H dro ra hic

The hydrographic data are presented in three formats: Surface dis-

tributions, vertical sections, and T/S correlations. Surface distribu-

tions of temperature, salinity, and density are presented for each of

the six cruises. In winter during Cruises NS4 and NS5, the upper 100 m
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of the water column was well mixed over the survey area and the surface

distribution of temperature, salinity, and density refLect the distribu-

tion at depth. Vertical sections are given for Cruise NS6 to show the

cross sectional hydrographic structure over the eastern edge of Nantucket

Shoals. In general, the profiling instrument was lowered to within 5 m

of the bottom and the deepest hydrographic parameters were considered to

be equivalent to those at the bottom. Bottom boundary layers in excess of

5 m were frequently observed. The horizontal and vertical cross-sections

are drawn with contour intervals of l'C, 2 / , and �2 in sigma-t. T/S

diagrams are shown next for Cruises NS4, NS5, and NS6. The data begins

at 2 m and the symbols are plotted along each line with a frequency of

l0 m in depth. At stations over Nantucket Shoals, symbols may be over-

printed on each other indicating a vertically well-mixed structure and

minimal instrumental noise.
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Figure 47 ' ZDGERTOH Nay 21~ 1979 ' VertLcal chlorophyll and nutrient distribution
east of Monomoy Island.
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 Stations 655, 855 refer to samples taken

between 65, 66 and 85, 86. � indicates

no data.!
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Table

'78CHL0F,'0PW"LL RHD HVTF,'IEHT DHTA H31 � Nav

ST& IiEPTH CHL P04 $104 H03 H02

5.739 ~ 59 2. 27 8. 61

8. 57 4. 6S l. 99 8. 12

8.76 7. 4S 9. l 9

8 ~ 32

9 ~ -'9

e. 76 6 ~ 68 18. 31 8. 20

8. 87 le. 78 12 ~ 63 e.e7

9. 17
'1 . 92
1 ~ 74
1 . 87
1. 95

9. 32

0

10
11
il

12

l3
14
14
1 c'

15

16
16
17
17
is

fe
19
19
28
28

21
22
23
23
24

25
27
28
28
29

38
38
31
31
32

32
33
33

34

8
68

8
37

8
68

79
8

84

67
8

16

54

9
5
8

29 8
Sl
'8

78

8 79
0. qe
8
1 ~ 66
8. 53

l ~ 13
l ~ 25
8. 19
1.81
e.l2

8. 82
8.11
9. 4b
8. 12
8. 65

8. 88
8 ~ Bi
e. 14
8. S9
e. 87

f. 22
8 ~ 66
8.77
8 ~ 12
1.34

8. 84
8. 22
1 ~ 95

8 ~ 58
e. e4
8. 74
8
8 ~ 54

8. 31
9. 43
e.lf
9.67
e.e9

9. 58
0. 80
8. 55

8 ~ '52

9 ' 29
8.68
8.28
8. 64
9.19

9.45
9. 25
8 ~ 34
e. 31
8 ~ 42

8. 18
qq

9,35
8. 61
8. 71

9. 78
e. 34
9 ~ 65
8 37
8 ~ 58

8. 96
9. 21
8. 66

8. 48

8. 37
ei ~ 69
8 ~ 42
8 ~ 45
8 ~ 36

0. 57
8. s6
8. 25
8. 29
8..7

8. 74

8.7:

8 ~ 24
J 7

8 ~ 25
8. 33

8 ~ 33
8. 26
9. 26
8. 68
8. 19

A, '79
0 ~ 33
9. 17
8. 7S
8,25

8. 29
8. 29
9. 55
8. 19

9. 68
8 ~ 19
8 ~ 76
8. Ze
8. 7S

S. 96

bi55

2,69
7e 22
f. S7
2. 97

1.8 ~

2. 84
4.97
2.28

2. 64
l. 54
2. 79
4 PS

3. 86

2 ~ 77
6. 58

S. 92

9. 98

9. 55

9. le

9. 05
9. 85

8. 95
8. 05
8,95
5 ~ 68
8. 85

1 l. B3
G. 24
9. 19
8. 85
8. 85

9,57

4 ~ 28
0. 39

4. 74
0. 38

~ 98
8,:='

9. 85
9. 28
9. 93
8. 87

8. 93
9. 82
0. 35
9,21
8. 34

8. 34
8,87
8. 87
8. 85
8. 88

8. 8S
8. 84
8. fG
9 ~ .0
8. 15

9. 15
V. 34
0. 14
0,35
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E:HLSP<GPH't'L L llHD HUTRIENT DATA

STR DEPTH CHL HJ3 HO:

M ~
a< ~ < C

9 ~ 72
8. 86
0. 4S
8. 74

. 1.]5

41 39
41 48
41 5<8
4] 75
41 189

C, ~ v~<.9. 26
I. 91
8 ~ 53
8< 53
9. 61

42 8
42 1]S
4?
44 8
44 79

9. 97
1 l. 23

'3. Sl
79

3. S8
3. 42
4 ~ 22

8
8. 31

8. ZS
8 ~ 39

36
36
37

37
r,r,
3 <

39
39

48
49
4]
41
41

45
46
46
47

47
4S
49
49
50

L 0

5]
c' 1
C

52

15
8

8
42

9

77 0
19
28

8
45

8
Zl

9

28 9
]5
36

9

0
45

8
48

8,49
8. ]7
8. 43
8,25
8. 4S

0. ZS

9. 34
]. 83
9.12

8 ~ 23
8. 29
8 ~ 8S
8. 86
8. 86

9. 3S
8< ]I
1. 20
8. 97
9.44

8. 83
8,59

9. 78
9;85

9. 58
,69

2< 23

I ~ 22

2.41
9. S9
1 ~ 27
8. 99
4 ~ 42

9. 49
8. Z9
8. 33

8. 34

8. 37
1. 29
8,48
8. 61
9,33

8. 33

9 26
8, 50
8. 69

9. 39
8. 36
8. 27
9. 27
8. ]9

9. 2 I
8 ~ 25
9 ~ Z2
8. 42
8. 61

0 ~ 62
8. 44

N7

9. 53
8. 81

e. 49
8 ~ 75
0. 66
9. 63
8,36

Q. 54
8 33

,< 4

9. 23
I . 33

9. 19
9 <t<c
8. I .'

9. 4S

8
8. 42
9 ~ 47
8..6
9. 7='

8. 17
0
8. 25
8 ~ 13
8. 19

8 ~ 44
8. 69
8 SZ
9. 93
8. 97

8 ~ 4S
8. 47
8.6-
0 ~ 39
8. 44

9. 39
8 ~ 37
8. 39
8 4?
8 ~ 45

e 9y~ < ~
Z. 1-
4 ' 28
4.]S

4.18
4

~ ~l~
3< 63
6. 37

Z. 4]
8 3
Z. 31
2< 27
2 ~ 45

3. 25
4 ~ 15
6. 98
S. S9

11. 84

S. 59
4.62
4 ' 37
5. 37

4. 19
2 ~ 74
2. 72
3. 77
3 ~ 19

2. 69
Z. 63

Q '7

2 ~ 53
2. 57

9,49
S..8
8. 34

3 ~ 71

S. 98

9. -';
1].39

9.41
8.40
8 ~ 49

4.17

9,8;

14.7S

4. 42
3. S9
5< 31

2,94
3
I ~ 94
l. 56
c<t:~

2. 68
8.90
0. 85
' ~ 5l
I ~ 90

1<4
1.04
I ~ 51
0.18

3

0. ]6

Q,]6
8. 29
9, -8

8. 38
8, 38
8. 38

8�'9

8. 28

9,43
8. 4~
8< 34
8. 24
0,35

8,85
9. 21
8 ~ ]7
8. 28
8.' 1

0 ~ 19
8. 22
8. ]9
0. 9S
9. 12

8. 11
8.18
8. 87
9. 16
9, 12

8.]]
9,04
0.89
9.96
9.96
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Fttlll t/UTF'I EtiT DATRi l}LORGF H' LL NS}

TA DEPTH, P04PHEQC'HL t/0 = ll0 =

Q. 0:-,
0. 47
v. Cif

a, I 0«

"'. 69
~ 74

8. 88
l. 28

8 8

c' 3

c4
CC~l J

CCal g
56
yh
c 7
Ce

c SI

60
60
61

6'.'

63
64

64
65

655
66

68
68
70
PG

72
72

I

NC
« ~I 'I

76
~ I

8
4 -t

0

8

28
8

='7

8

28
0

8

16
8

}6
8

18 8 8 8
11

8
li

8

8

8 .
10
~ U

1 g8~

98
Ci., 6
::. Gl
2. 69

6. GS
1, 3C1
l. 45
1 ~ 58
2a 28

1 ~ I I«
1 . 1-'=
1 ~ C18
G. 58
8 ~ 67

8. 56
1. }8
8 ~ 46
8 ~ 59

8. 64
1. 34
1. 54
1 ~ 96
1 ~ 89

2 ~ Ci
8. 98
l. 66

2 ~ �«8
}.}6
1.68
1. 83
1 .'54

1. 39
}, f4
1.56
1.85
8.99

G. 36
q8

8.16
1. 15
8. SS

:-;. 7$
G. 57
G. 79
0,63
1. Gl

8.8
Cf ~ 76
8 ~ 41
8. 48

}. 43
0,36
8.61
G. 54
Q,22

0. 52
8. '7.
8 ~ 88
8. 72
G. 64

8. S8
8. '74
G. 81

}1.88
G. 67

l. 87
8.85
1.81
Ci. 86
8 ~ 96

G. 92
G. 97
0. 78
8. 5S
G. '58

8 3'"-

8.3}

G. 41
Ci ~ 29

8 r,I-

8 ~ 25
G. 28

Q. 38

0
81, .:, 1
8, «6
8. 49
8 ~ 28

Sc

G. 38
8 ~ 42
8. 18

G. 38
8.4}
G. 49
Cf. 29
8 ~ 28

,8. 27
8. 26
G. 37
8 ~ «-

8. 35
0. 27
8. 28
0. 25
8 -4

0. 21
8. 26
8. 23

". 24
Crt~

'=', f4

3 ~ 45
a- ~

='. 18
f.93
2r 36
2,Sl

2. 84

3. 81
3 ~ I' J

3 ~ 94

3. 97
3. 15

3. SG
3. 44
' ~ 9i
- ~ 81

I

2. 41
2. 86

~ 3~
2.38
2 ' 87

2a37

..18
2 ~ 52

G. 85
8. Cf1
G. 8 1
0 ~ 24
8.71

A, e'E
Ci r4

2 ~ 43

8. 41
2,48
G. 84

1. 84
1. 88
8, SGi
8.67
8,8}

0,63
8,63
l. 58

8. 26
1. 02
G. 4!
0. 46

8.18
8. 14
G. 4
0 01
0

ii. I18
01
Qi. 01

C1I, 81

Ci, Ql
Ci. Ql
0, Ci'
0, QS«
G. Q7

0. Gg
0, I16
0, 01Ci
G.i}
0. }3

0. 13
0. '1

8, 83

Cf. 87
Cf ~ Gh
G. 86
8, 85I
8. 07

Cf, Gir
0 ~ 87
8.13
8. 1'=='

Q 1 7
Ci. 1 ~

<1 ~ tr e
C"I 8 I

0. 85
Ii, QS
Ci, Cih
Ci ~ CI 8
8. 81
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~ J ILGEGF H'i'LL ht "~I tiVT'I-.. 'I EHT DHTFI

-'TH DEFT H E.HL ':- I04F'HEO F04 t/02

0. 31
r,

8.2 ~
G. 16
Gi. 13

] 96
1. 83

aC
F,6

,64

13 8. 01

0. 82
Ei. 84

8.24
8.28

-',, 39

1 ~ 43

8 ~ Gl

0. Ol

  I

 
 

80
F'8

81
Bf

84

Gc' g

86
87

?

8='

89
98

92
94

95
95
96
97
98

qo

188
108
}E! f
181

] 8'.

183
183
184
18.

Gi
iGi
8

? K'

8 8

8 8 8
8 8 8
8

8
0

~«C

«

10

8

1,27
' .1='
Ci.

]4

8. 78
c ~
8. "4

??

2 ~ 39

l. 16

]. -:A
1.49
},94

3 ~ 12

]
, Li3

],65
1,61
l. 15
l. 81
l. 86

8 Qwq

8. 78
l.2.
l. 84
}. 17

1. 52
1.18
1.4}
8. 98

l. 22
'. 8 
l. 6 
Ei, 83
}. 8]

8,]5
8.42
8.32
8.}9
1.38

0.64
0 ? }
0.64
Gi 66
ri., 4

1 ~ 16
0. 74
Ei ~ 9 3
G.P,}

77

8. 96
8. 84
8 ~2
8. 5"
G. 58

8 ' S8
8 ' 41
8,,4
8.61
8.74

na

0.88
8,58

8.63

8 q

8. 91
G. 28

2 ]

8
8.4:
8. 35
8 ~
8 ~ 31

8,26
8,2]
8,15
8,33
8.32

8 ~ 24
E<,19
E!. 77

rj, 28

8 ~ 28
8 ~ ZG

8, 26
8, 25

8 ~ 22

G. 32
92!. 21
8, 3'

34
8 ~ 24
8. 24
8. 26
8. 12

8 ~ 1;
8. 16
8. 1.'
8. 2Ei
Ei ~ 2 ri

11, 28
8. 24
8. 17
O. 27
8. 7

' ~ c  
c-

=.91
2 M f
I ~ ~ 4

I . 98
l. 98
J,98

~~ ~ 2 4
2 ~ 81
2 ~ 68
~ ~   d.
'.-', 9 }

.48
2 ~ 3 2
2,85
2 ~ 39
1. 72

Ei. ]8
8 1

].85
f.65
1.38

1. 33

2. 89
. ~ 34

='. 39

8.98
8 c8
8. Gi5
GI 05

0. 18
8. }8
G. 85

i

ri. ri7
Ei. ]C
',5. If7
C. E«

0.0;
8.84
0,05
0.01
O. 84

8. 83
8.81
8, rgb
8. 83
ri. rj5

Ei, 87
8. 8$
8, 02
0. Gl

8,8-,
8 ~ 8:-'
8,0-
8. Gl
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HIED HUTF,$EHT DATA HS]CHL OROF'IDYLL

STFI DEPTH 8104CHL PHEQ tl02

3b
0

A. 33

8

4. 18

186
196
187
]87
188

198
189
199
i]8
ll8

111
ill
]12
112
113

]13
114
115
115
116

116
]]7
117
]18
i]8

119
120
121
122

124
125
126
127
128

128
129

131

41

41
9

33

8
31

9
21

9

9

8 8
8

]7
9

19
8

17

24
9
0
9
8

l. 17
8. 88

9. Srj
8. 48

1 . 98
9. 89
i. l8
8. 74
9. 65

Gi 82
9. 64
9. 65
8 ~ 55
0.6 i

9. 58
8. 62

8. 44

1. 89
9. 60
l. 69
8,65
1.25

9. 5'
9 ~ 48
8 ~ 62
8 ~ 58
9. 43

8. 60
9. 79

9.48

1. 81
9. 43
9. 88

1. 06

8..1
8 ~ 57
8. 11

G.l6
8.38
9.12
�. 19
Ci, ]7

8. 26
9.36
8,17
8. 27
8. 39

9. 74
8. 36
0. 49
8. 63
G.i9

].01
9. 21
9. 84
8. 28
8. 75

8. 4]
8,13

8. 23
8 ~ 19

8. 21

8. 28
9. 25
9 ~ 26

81, 66
8. 23

8. 45
8. 87

9. 3 i
G. 28
9. 34
9. 38

A. 28
9. 13
8. 27
A. 24

9. 33
Ci. 11
8. 92
8. 19
0. l 2

rj. 29
9. 88
G. 27
8
8. 32

0. 17
9.16
8,15
9. 13
8 ~ 24

8, 2Ci
8. 28
8. =1
0,26
l.l, 23

C1 ~ 3 1
8. 21
9. 41
8 ~ 36
C1. 41

a-'a iB
4. 38

= ~ 19
'='. 67

4. 62
2.66
5.22

4.88

4.23
2.38
4.17
2 ~ 22

1 . 44
i. ]3
l. 54

:-. 81
'" ~ 69

c' 7

~r ~ 7

3,15
r,C ~ I
2. 78
] ~ 28

p 4

2. 89

=-. ]7
! g~ II

].65

3. 44
1,85
4. 15

2. 56

8. Cl 1
8. 9'
8. Ci]

0. 1 1
9,8i
8. 06
9. rj-.;
8, ].-'

9.],
9. 83
9, i,".'
0. C!1
9 ~ 0�

Ci. C!5
9. 95
8. 84

8. 9!
0.88
9, r!8
8. 1'..
8. 1='

8. 1='
8 ~ ''
8. 1"!

G. 87
12

0.i2
9.'1
9. ii
Ci, '.1
8

9. '.'5
8, 10
0, 4
Cl ~;0
U.;0

9. 04
Ci ~ Ci 3
81. 8
0. 0-
8. 84

8. C<4
0. 84

91
0. 83
C!, 916

8. 81
8I 05
8. Gi
C1. 85
8. 03

9,05
9. 93
8. 84
8. 84
8. 01

8,0]

8. Ci2
9. 85
8. 84

8,91
0. 01
0. 01
0. Gl
G. C11

9, 0'"
Ci. 03

0. I13
9,93

Ci, 07
8. 93
1;,0
Ci. 06
C~ v~ 5
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Table 3

«WLGRGF H' L<. AND 1/L!Tf.'lE!!T I>ATFI � September '78

DC'1" 'W PHOOCHL .;I04P04 NG 2

Ci ~ 52

Ci. 14

A. 24
bI iI
I . Iq

9 ~ .9

9. GG
2. 26

]1., 9

1«i
]8
ii
f2
1

13
I
15
]5
I6

16
f 7
I '=.'

IG
f9

19

20
h ]

22

23

2t

26
28
ZG

238
31

31
32
32
3 Ij
3 PI

34
35
35

9
r., j

9
42

Ci

9 8
q9

9

19

9
109

9

116
0

44

9

61
0

cf

ff
8
3
8

39
8

54
8

145

9
9

3I '

9 8

1. 71
Ci. 99
3. 43
I. 71
9.26

2. 31
1.71
I. 9
9 ~ 94
8. 74

Ci ~ 6»
G. 64
2 ~ I3
9. 9.;
1. 32

G. 09
~ ICIl I

1. 71

l. 14
8. 89
8 ~ 98
0,99
l.�

9. 34

4. 7f
1 ~ 37

G. 18
8.26
G. G9
8. 69
8.'G5

9 8, 9«i
8. 04
1 ~ 88
l. 48

9.66
G. ' '.'

Ci. 62
9 ~ 56
9.45

G.;1
8.44
9 ~ 11
8. 76

9,4"
8. 27
i. 86
Ei, 95
9,46

8 ~ 12
8.64
I. 32

9. 47

Ci, 41
G. 12
8 ~ 42
9.22
G. 56

39. 88
I.GG
1.35
9 ~ 55
8. 54

G. 38

8.87
Ci, 53
8 ~ 87

9 ~ 35
0. 46
9,96
!.45
0 9

9.4 .'
0 'tq

G. 46
8 ~ 3'.
G. r'9

9 ~ 59

0.;9
I ~ 13

G. 24
G. 49
G. 59
3. 48
9 ~ 43

]. 57

9.4
9.51
8. 41

8 ~ 23
8. 66

l. 7='

9 ~ 4]

9,31
0 3
8. 56

G. 29

9 ~ 6s'
Ci. 25
0.4r
8.23
8,97

8. 25

8. 97
8 ~ 36
9.5

G., I
IG.rl

I . 4':.'
f. 43
7

Gi ~
l. 83

11.88
8. GG

9. 68
9, 94
0 ~ 84

1& f5
9,64

I I. 19
8. 88
i. GG
I. 31
8. 85

9. 68
~ 94

G. 69

I ~ 66
0.32
9.38
Ci, 47
9.35

4 ~ JB
9 ~ 79
4. 48
U. 69
9 ~ 54

G. o
r J

Ci. '9
I iJ

lg,, 4
9. 19
0. 14

14I dP
«i. 29

0,
0,33

16, 99
«i. ='3

I '~ 7'9
9, 'j0i

0.66

8. j8
9,24
9. 55
8,22

5 ~, 9
8 ~ ''4
0 ~ v~

I l.' 5

8. 18
0,09
VI24
G.fu

G.I2
0.i"
Ci. I I
8 ~ ll
9 ~ 11

G. IG
8. 17
0 ~ 14
8. 15
0 ~ 16

G. 1'. ~
8. 19
9. ]7
9. 19
& ~ 99

G. 1 f
9. GS
9. 97

G. 14

9. 28
9.15
8,3P
9.11

G. 20
0 ~ I.
9. 05
0.15
8. ]4

G. 14

0. 14
9. 19
9. 21
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C-HLC!F:OPHVLL FINIS tiVTF,'IEHT DRTFIHS:.

ST& DEPTH NO;S ICi4PHEO PO4C.HL t/O2

38
39

15. 6S
=. 828

0 ~ 32

4f
41

4 r,
4

44
1

4 c'

46
47

47
48
49
49
51

5f
52
53
5 8
c'4

55
55
56
57
51

58
59

68
61

61
62
63

64

19
8
8

8
fA

8
c" 7

8
8

~ 5
8
8

22 8 8
42 8

57 8
8

46 8

8
35

8 8
30

28

8
25

8

l. 71

1. 76
1.54
f ~ 46

G. 51
8. 94
1. 62
8,43
8. 8

C4. 75
1,. 50
0. 86
l. 83
l. 78

1 ~ 63
1. 88
1. «11
1.13
8. 86

1.11
8.86

1. 84

3. 68
2. 86
2,78
1 4,r
8. 54

8,86
8. 56
2. 57
1 ~ 76

l. 63
1.89
1.84
1.67
2.34

G. Sl
1.86
8.97
8.84
8.92

G. 38
8 ~ 62
0. 68
1.39
8.51

8. 45
8. 57
G. 61
8. 67
G. 86

8. 98
f. l3
8.76
8.'78
8. 46

8 ~ 55
8. 46

8. 94

1 ~ 26
1 . 88
8 ~ 49
8. 52
G. 63

8. 36
G. 48
0. 48
1. 47
G. 97

1. 51
8. 98
G. 89
l. 16
1. 27

G. 56
G. 49
8. 64
8. 58
8. 35

8.28
8. 251
I.!, 56
8. 55
G. 65

2. 73
8. 52
Ge 3c1
8. 48
8 ~ 59

8 ~ 5S
8. 98
G. 84
0. 88
8. 89

0 ~ 52
8. 34
8. 47
8. 52
8. 41

0.3-
C!. 43
G. 45
8. 28
8. 66

8. 28
8. 63
8. 46
8. 49

8. 48
8. 58

8. 57
8. 58

3,50
4 ~ 36
4. 33

1 ~ 93
87

4,58
4.06
5.47

3.51
3 ~ 82
3
2.86
3,55

',. 69
1. 51
:-'. 6S
3.18
l. «4

2.65
1,67

9,84
1. 32

8 ~ 96
1 ~;8
3, GG
r<, 82
5. 82

1 . 62
1,56

l. 76
2. 05

1
C, ~ ~1 r
2 ~ r8

24
1. r4

4 q
4. SS
7.14
8 ~ 85

8. 12
G. l6
3 ~ 96
4. 26
6,68

4 c;Q

4 ~ 26
4. f ':-'

4. 82

4 ~ 82

2,91
i

8.9 '

l. 91
8. 21
2 ~ 57
4. 46
2 ~ 0f

i. -8
l. 91

1
G. 25
4. 69

8. 43
8 ~ 4 1
4. 66
1
f,. 25

1 ~ 20
~ ~
2. 66
2, 94
l. SS

rg3

8. 17
8. 22
0e cc
G. 12

0. 07
0. 08

0. 28
8. 18

8. 24
8. 14
G. 19
8. 26

8. ''6

0. 22

G. 19

8. -7
8. GG
8. 31
8. 34
0. 22

8..2

8. 35
8 ~ 87
G. 44

8. 12
8. 88
8. 42
8 ..'1
8.

0. 25
0 ~ 23
G. 2-'
0. 26
8. ~ 4
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~:HLBF'.0.'-H"LL RIED HVTF.[Et T 3RTRH'- 3

:104F'04STR DEFTH FHE0UHL N03 Cl02

C ~ V I

14. 69

0, 48a cZ 

l. 69 8. 16 8. 87

65
66
66
67
68

68

78

�

72
73
74
74

76
77
78

'79

SO
81
82

83
84
85
86

cl 7

88
89
98
91

92
93
94
95
96

8 8 8
17

8 8
ll

8

0
8

23 8 8

8

8 8

1. 67
:-'. 86
"-, 84

l. 93
8.86
l.20
8 ' 69
1 87

l. 28
8. 77
2. 3 l
2 ~ r8
2,48

1. 34
8. 94
2,86

i Qt

1,78
2. 14
1.18

0,52
0,3;
1.SG
F 14
1.71

2. 14

2. 31
1. 76
3 08

3. 86
3,80
2,38 ~
2 ~ 23
1 ~ 97

1 ~ 44
1. 33
1 ~ 41
l. 33

81

1. 36
8. 41
8. 52
8.5;
8. 58

B. Yd2
8 ~ 49
1. 82
1. 77
1 ~ 66

1.1-
l. 15
I. 88
1. 58
1.8!

l. 81
1. 54
0 +7
8. 97
8 68

8. 59
8. 18
8. 93
8 ~ 89
1. 32

8,89
8. 94
1 a 53

3
1 ~ 36

1. 28
1 . 55
li25
1 ~ 21
8.98

8,67

8. 54

8. 4-

8. 58
8. 47

0 ~ 64
8 ~ 51

8.4
A. 42
0. 48
B. 33
0 ~ 26

8,38
8. 56
8. 39
8. 55
G. 48

8 ~ 40
B. 44
8. 43

8 ~ 38

8 ~ 6
B. 18
Be 45
G. 51
8,42

8. 37
8 ~ 38
8 ~ 3
8 ~ 19
0. 26

8. 92
8.7'
B. 79
8. 48
8 v4

l. 51
l. 84

jt59
1 ~ 96

3.19

5,18
3. 62

4. 68
t

2t 84
l. 49
l. 21

1. 19
8. 61
l. 73
l. 88

1. 51
l. 88

14 ~ 1 1

l. 48
1 . 61
1. 21

0. 28

0,42
8 88
0. 87

2. 73
0. 88
l. 98
1.82
9.29

1,95
l. 18
1. 37

8. 98

7 ~ 48
1.87
8. 53
5. 42

GP

3. 41
85

8. 5t4
8. 37

8. 48
8. 8:.
8. 51
1 ~ 79
1 ~ 43

8. 61
8. 78
4. 89

3. 84

l. 16

8. 25

0,28
8,35
8 ~ 15

2 ~ 61
0. 20
Gt 39
8. 15
l. 92

8. 25
8». 19
8,
8. 15
8.17

8. '5
0. 15
Q. 89
8.20
8.22

8. 21
Gild
8 1~
8,10
0. 10

0. 13
Q. 18
8 ~ 13
B. 24
8. 22

B.ll
8. 12
8. 24

8,47
8. 18
0.5;
8. 12
8. 88

0,89
0. 88
8 ~ 89
0. 88

8.28
8.83
8. 89
0. 86
0. 14



C HL i."iF'0F'H'i'L L RHD ti U T F.. 'I E  AT DH 7 H

D[:P>H CHL lii4F Cl4PHEO

exC ~
e

18ri
181 1.46

8. 36

8. 37 l. 848 cia 0. 18

182
183

104
165

18
186
187
18,
188

189
189
118
ill
ill

112
113
113
114
115

11.
116
117
117
I jB

128

8
0

Ci
ri

8

1 r,

0 8
'''Y.

8 l3
i j«> r
8

8
8

24
8

14

8
I

8

0 8 8 8 8

I. 62

�=. 4ri

8. 32
8. 19
8.19
8. Bl

1. 88

8,69
8,5-
8 ~ 69

1. 11
f r4

2. 18
1.63

2. 13
1. 18
l. 28
G. 6

l. 41

1. 82
8 ~ 77

8.75
1.18
8. 96
I, 4
8. 35

8. 85
8. 86
2. 88
8. 38
8 ' 57

8 ~ 43

8. 48
8,48
8.33

8 ~ 58
8. 89
I ~ 18
1. 42.
I ~ 18

1,58
1.3?
8.47
8 ' 52
8. 28

8.4-
l3. 61

8, 70
8, 5li

8 4 r
8 ~ 44
8,34
8 ~ 18
Ci ~ 13

8. 48

8. 52
8. 29

8. 29
8. 85
8. 33

r r+

8 ~ 5r
l3. 62
8. 84
8,68

8. 28
8. 36
8. 33
8. 34

8.11
8 ~ 89

8

Ci. 63
I ~ I
1. 18
1.83

4. 57
ci 23
I. 13
7 ~ Ci8
1. N34

1. 84
l.. 18

1. 82

w 34

I ~ 43
2 ~ 28
4 ' r2
8.92
2 ' 65

2.19
0 ~ 97
I ~ 42
8.96

0, -4
0I -r9
8 '4
8. 34
8. 19

Ci. 17
8,24
8.1,

8. "-.'

I,I«i«
8 ~ 48
8. 24

tE r

8

r~,

8 ~ 23

8.11
l3. 11
8, rip

8 87
0, 09
8 8~

8�0-.

0 , '- '-

8. 1=
8.18
8 ~ 44
8. Ci9

8. 88
8 ~ 68
8 ~ 11
8. 11
8. 18

8. 18
0. 13
8 ~ 24
8. 13
8.18

0. 11
Ci ~ Ci9
8. 12
0 11
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Table 4

CHLCiPOPHYLL RND t/ItTF,'$EttT DRTR - January '79t! 4

'.TR DEPTH CHL PHEO P84 SIG4 N02

C' C,g ~ I I

~ r 3. 24

8. 1 l
8. 14

l

C 4 5
6 7 G
9

18

li
12
13
14
15

8 8
8 8 8

2.68
6. 19
5 7
6. 68

3. 71
1.28
i.16
1. 24
='. 56

5I r b
9. '98i
4. 95
4. 13
6 ~ 19

l.l5
8.62
l. 84

l. 34

8. 67
8 ~ 43
8. 31
8,42
1.24

1,53
l . '78
8. 89
8. 74
1 ~ 11

8. 76
8.7 1
A. 86
Ci. 62
8 ~ 74

1.19
8. 96
l. 18
8. 99
l ~ 89

8. 98
8,61
ii. 6j
Ci.r6
8 ~ 64

l. 34

8I 37
0. 61
2 ~

4, 68
6. 8 l

QC
5. l.

8. 88
8 ~ 88
8. 88

2. 1 '
8. 85
8,15

1 '-I

4 4s.,
6 ~ b7

~r I ti
r ~ v ~r

Q. 14
8 ~ 89
8. 86
8 ~ 87
0. 14

8,28
8. 28
8. 28
Ci. 17
8.24

8. 18
Ci, 88
Ci. 86
8. 86

89
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r..HL.OROPHYLL FIHD HLITF,']EHT DRTRNS4

PO4 8104PHOO8TH DEFTH NO3CHL HOZ

6. 61
]0 ~ 85

8,32

I ~

8. ?5

955
56

ll
13
14
21
22

23
24
25
26
27

Zo

P'g 0

3 c.
33

34
~>5

D7
39

48
41
42
43
45

46
51

53
54

57
d '0
c;q

69
61
62
63
64

C~
9

9 8 8

Ci

9 8
G 9

8 9
8
8

8

9 8 Ci
8

1. 24
39

9. 26
9. 69
1 ~ 87

Ci. Zl
0. 68
A ~ 86
G. 77

1. 37

9,56

G. 31

9. 4='
9,47
G. 47
Ci. 86
8 ~ 47

9 ~ 51
9 ~ 41
8.21
Cj, 34
Ci. 46

0 ~ 56
8. 56
1. 83
G. 26

1. 38
4. 46
6. 88

93

4 ~ 58
3. 43
1. 29
1. 28
1

9
Ci. 12
0 ~ 1.
0 Prg

8,

9. '8
G. 84
8. 21
9. 36
9. 64

1. ~ 1
0. 49
8. 25
8. 17
G. 13

8,13
Ci, 24
0. 09
8. 56
9. 44

8 ~ 99
9 ~ 13
8. 84
8.16

'8. 4h
8. 41
O. 49

1.84
1,93
1. 18

c' q

l. 14

1 ~ 57

8. 47
8. 68

1. A.',

A. 96
8. 84
8. 99

8. 78
1.89

8. 76
Cc. 78

l. 13
1. 28
C<. 76
G. 7]
G. 66

l. 92
8 ~ 88

8,85
8 ~ 9-

1 ~ 19
1 ~ Zl
1, 19
G. 82
G,93

0,76
8,87
0. 85
0. 69
8. 82

9,89
l. 04
0. 26
8. 22
A,65

0,41
8. 6'
0. 86

C,
;.. rjZ
8. 85

7,59

7. 92

4. 20

pf 5
4. 19
6. 66
4. 46

8,85
5. 84
5. 48
4,97
6I 36

3,63
4 ~ 36
4 ~ 15
4. 97
7. 86

7

i, GO
7. 83

5. 74

8. 38
0. 23
G. 88

0 ~ 88
G. GCi
7. lq
5. 99
5 ~ 93

8. 35

10. 45
8.69
9.51

6 ~ .0

8. 83
7i48
5.95

18.]0
18,72

o7~l ~
9 rC e u~

5. 72

11. ZC1

? ~ rc
7.8Z
p,. 56

12.35
13.81
1.-. 96
12. 69
12. 39

9.16
11,38

9.15
8.15

11.19

8.45

8 ~ 23

8.16
1.31

] 8
9. 83
8. 86

8. 15
Ci. C~8
Ci. 19
8. 28

- ~ Zc
0 ~ 18
8. 28
G. 12

p

0. 1=
8 ~ 15
8. 14

8. 21
8. 17
9. 18
8. 18
9,15

8. -6
0. 15
8. 17
A ~ 20
B. ]8

G. 19
9. 25
0 ~ 21
Ci ~ 28
0. Z3

9. 18
8 ~ 89
8. 99

8. 07
9 ~ 13
8 ~ 25
9 ~ ZG
8. 29
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