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I.O INTRODUCTION

The following is the first semi-annual report of research performed by

the Massachusetts D iv is ion of Mar ine F isher ies under Contract Dl'lF-Z-7Z -
Amendmenl No. 2. This report confains data for the final quarter

(October fhrough December l974) of the inifial contract work plus the

first three months (January through March 1975) of the new study. The

initial study was essentially a broad ecological survey of Salem Harbor wîth

specif ic emphasis placed on determining the effects of fhe addition of a

fourth generafing unit at the Salem Harbor Electric Station. The new

research program includes an intensive ichthyoplankton study and the

gathering of baseline data for a proposed fifth unit at the Salem Station.

Routine physîcal, chemical and biological sampling was performed and

the data col lected are presented. Changes in the sampl ing program which

perfain fo the new contraðt agreement are explaîned in each specific

section of The text. lchthyoplankton sampl ing commenced in March, 1975.

ln accordance with the ferms of the new contract, thJpositions of

Research Vessel Male and Fisheries Manager were terminated Jn OecemUer 31, 1974.
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2.0 PHYSICAL INVESTIGATIONS

2. I Temperafure

Average surfa'ce water temperature, calculated from l68 readings at

eleven stalions ( ll, 12, 13, 14, l6 and A - F) (Figure I ), decreased

to 9.3"c. A comparison of weighted average quarterly temperatures is

given below

Oct. - Dec. Jan. - Mar.

t972 I 0.0(,c 4.9"c

lg73 g.'loc 4. loc

t974 t0.7oc 4.t"9

t975 4. B"C

Mean öai ly water temperatures, calculated from hourly thermograph

."ud'ings, are presented for sfations A - D in Figure z. An additional

thermograph was installed on November 6 af staÌion D approximately one

foot above the bottom tZi +t mlw). Average dai ly harbor temperature

(stations A, C and D) decreased throughout the fall quarler (October -

December) at a rafe of O.lloC per day. Daily harbor temperature remained

fairly uniform (3 - lo)) throughout the winter quarter (JanJary - March).

Similar temperature patterns were noted for the same periods in 1972, lg73

and 1974. ÀT varied wilh generation and circulating water volume but

never exceeded 12.0"C.

A thermal plume study was conducted on February 28 to map the hori-

zontal and verfical distribution of the heated discharge. Surface fhermal

patterns (Figure 3 ) general ly conform to previous findings (Quarterly
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Figure 2. Continued
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Figure 2. lt{ean waler lemperafures recorded af Sfations A - D in Salem Harbor, Ocfober l9]4 through March 1975.
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Figure 3. Continued
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3.0 CHEMICAL INVESTIGATIONS

3. I Wafer ali

ln accordance with the new contract, the number of water quality stations,

sîx regular and six supplemental, was reduced to four, A, B, C and D, as of

January l, 1975 (Figure I ).

Due to the quesfionable accuracy of measuring pH with a Hach l7-N

pH kit, as of October 9, 1974, samples were returned to the laboratory where

pH was delermined with an lnstrumentafion Laboratory 245 pH meter. Difficul-

ties in nutrient analysis were resolved when nitrite-N and nitrate-N

determinations were performed according lo methods described by Strickland

and Parsons (1968). The change fo these methods started on November 6 for

nitrite-N and November l4 for nitrate-N. Because salinity in the study area

has varied only slightlyr as of January 3, 1975, salinily determinations

have been made with an nmèi¡can Optical 10419 T.C. Salinity Ref ractometer

rafher than by conversion from chlorinify as determined by the Modified

Knudsen method.

Ranges for the various water quality paramelers taken during fhe

reporting period (October 1914 - March 1975) were as fol lows: temperafure,

1.5 - 25.0"C; sal inily, 27.4 - 33.5 0/00i pH, 7.5 - 8.4; dissolved oxygen,

1.0 - 14.5 ppm; biochemical oxygen demand, 0.8 - 8.3 ppm; nitrite-N, <0.1

l.l pg-atoms/L; nitrate-N,0.0 - l3.B pg-atoms/L; and phosphate-P' 0.3 -

I .7 ug-atoms/1.

Water qual ity parameters were within the acceptable tolerance ranges

of fish and invertebrales indigenous to Salem Harbor (Table l).
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f ide, were indicative of the charrging f low of the tide. The maximum vertical

penetration of heated water at the po¡nt of discharge was 6 feet.
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Table l. Water quality data for Salem'Harbor, October, 1974 through March, 1975.

DATE

SAi4PLE

NUMBER

T lt'48
(EST)

SALINITY
( 0/00 )

30.
30.
30.
32.
3t.
3t.
3t.
3l .

3l .

3l .

3t.
3t.
3t.

32.
3l .

33.
33.
32,
3l .

3t.
32.
32.

O2
( oom)

BOD
( pom)

T I DAL CLOUD
STAGE COVER

( HOURS ) (/,)
TEN,IP OC

A I R WATER

Station A

DEPTH
( FEET ) pH

N02-l"J lJO j-:l P0¿-P
uq-atorns/ L

t0/ t

t0/9
t0/ t1
t0/23
to/2e
r/6
|/t4
r /22
r /26
t2/5
t2/e
t2/ie
t2/27
t/3
t/B
t/t3
t /22
t /28

"/72/ t.t
2/t.a
2/78
3/4
3/ t0
3/ t9
3/26

00t90t
00r9r6
001921
00 I 944
oo I 941
00 I 969
oo I 972
00 I 985
00 r 991
00 r 999
0020 I I

0020 I 9
002032
002035
002039
00205t
002055
00206 I

002065
002072
002078
oo2085
002086
002095
002t0t
002r I I

t2t0
0805
t t25
0920
r t50
ll50
I t30
0920
I 000
I 135
0940
I 300
t200
t330
ll t0
0920
1230
I 000
I t20
t t35
0955
0730
I 030
0805
I 005
0805

high
h igh
low
h igh
h igh
low
h igh
h igh
h igh
low
hígh
low
h igh
low
high
low
low
low

+l
+3
+5
+4

+4
+3
+4 t/2
+3 t/2
+4

t/2
t/2
t/2
t/2

il

t2
t3
IB
t0
ll
0

-l
3

lzt)
4

I

3
3
4

l0
3

-l
-l

4

-l

/z

/ '')

30
0

t0
60

0
t00
t0

t00
t00
20

r00
100
t00
100

0
t00
l0

U

0
t00
BO

0
l0

t00
t00
t00

S

J

J

5l
c

J
q

c

S
e

c

)
J
S

S

S

S

s
S

S
q

)
S

S

5

0
5

0
5

5

0
U

0
U

0
5

0
0
0
0
0
0
5
5
0
0

8.0
7 .gx
7.8
7.7
7.7
7.6
**
7.9
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
B.t
B. t

B. t

B. t

B. I

8.2
8.2
8.2
8.3
8.3

B

9
l
0
4
6
2
6
8
5
6
2

5
0
0
0
0
0
0
5

0
0
0
5
0
0

30
3l
30
32

4.5
3.5
in
0.0
0.0
4.0
2.0
9.0
8.0
7.0
0.0
6.5
5.0
4.0
4.5
5.0
4.0
3.0
3.A
3.0
4.0
5.5
2.0
3.0
7,0
6.0

o

B.
a

t0.
B.
B.
o

B.
o
o

t0.
o

t0.
10.
t0.
10.

I

B

0
9
I

6
5
4
8
B

9
0

3
3
3

9
B

3
5
3
9
B

5
B

7

0
I

I

I

2
3

2.3
1.2
r.9
2.6
3.0
2.0
2.t
1.7
0.9

t.9
l.t
2.1
2.4
3.2
0.8
1.4
1.3
t.t
0.9
2-3
3.2
7.3
4.0
3.0

0.5
0.8
t.3
0.8
0.3
0.8
0.8
t.0
t.3
0.7
0.8
0.9
t.0
t.l
t.2
rl.l
t.0
t.0
0.8
l.l
t.0
0.7
0.6
0.4
0.4
o.4

0.1
0;6
0.6
0.5
0.5
0.7
o.7
0.9
0.3
0.7
0.4
0.1
0.2
0.1
0.4
0.4
0.4
0.7
0.3
0. I

0. t

+2
+2
+
+4
+2
+2
+2

/z
/z

ow +4
ow+
ow +4

+5
low + l/2
h igh
high +5 l/2
ow +l
OW

2.1

1.4
1.8
7.3
8.2

t0.3
r 0.0
to.2
9.8

I 0.3
lt.t
r0.7
il.t
o4
6.5
5.4
2q
0.3
t.0

-2.0
I 1.0
5.5

t4,
l?.
il.

O
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Table l. Continued
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NO2-N Nl03-N P04-P
¡.,g-a f c.ns/ L

BOD
( ppm)

SAlIPLE
NUMBER

TIDAL
STAGE

( HOURS )

C LOUD

COVER
(1")

t0
l0

t00
50
20

t00
l0

t00
t00
20
40

100
t00
t00

0
100
20

0
0

t00
60

0
0

t00
r00
r00

DEPTH
( FEET )

SALINITY
( 0/00 ) pH

O2
( ppm)

TEMP OC

A I R WATER

Slation B

I 4. Cl 20.

DATE

to/ t

t 0/e
t0/ t1
t0/23
ta/29
r/6
t/t4
r /22
| /26
t2/-5
t2/9
t2/ t9

2

2/27
/s
/a
/13
/zz
/28
/t

2/|
2/ te
2/28
3/4
3/ t0
3/ t9
3/26

TIME
(EST)

t255
0835
I t55
09t 5
I 200
It45
I t00
0945
I 020
I t50
t0 t5
t340
I 140
1335
I t00
0940
t250
1020
I t25
I 130
t0r0
0120
t0t5
0825
1020
0t 55

0.8
0.8
1.6
0.8
t.5
0.9
0.9
l.l
t.2
0.7
0.9
0.8
t.0
t.l
J.3t.3
t.t
t.l
0.9
t.2
t.t
0.7
0.6
0.5
0.5
0.6

2.1
4.3
6.2
B.l
7.3
8.0
9.2

t0.0
9.8

I 0.6
t0.3
t0.3
I 0.9
I 0.9
B.B
6.9
ca).L
a.2
t.6
0.8

0.1
0.4
0.9
0.5
0.7
0.4
0.5
0.5
0.2
0.5
0.5
o.2
0.t
0.4
0.1
0.4
0.4
0.4
0.2
0.3
0.2

8.5
8.3
7.7
8.2
9.3
8.0
8.3
8.5
8.8
9.4
9.2
9.9
8.9
o.2
0.1
9.7
0.2
0.7
0.6
1.3
1.2
t.B
2.9
3.7
t.3
0.5

8.0
7 .9x
7.8
7.7
7.1
1.1
**
8.0
?o
1.9
7.9
8.0
B. t

7.9
8.0
7.9
8.0
8.0
8.0
8.0
8.1
8. t

8.2
B. t

8.2
8.3

3t.0
3l .5
30.7
3t .B
3t .4
3l .3
3t.l
3t .6
3t.6
3l .3
5t.B
Jr.l
3l .4
31.0
30.0
30 .0
32.0
32.0
30.0
33.O
33.0
32.0
lt.0
lt.0
32.4
32.0

5
5

0
5

5

0
5
5
5
0
0
0
0
0
0
0
5
0
5

0
0
0
0
0
5

5

t0
t2
B

S

c

s

S
q

q

s
J

s
S

S

s
S

S

S

S

S

S

S

S

J

S

L.

+4
h igh
high
h igh
high
h lgh
low
h igh
high
high
low
h igh
low
h igh
low
h igh
low
low
low
low
hígh

00t902
00t921
00t 926
001943
00 I 948
00 I 968
00 t 973
00 I 986
00 r 998
002000
0020 r 6
002024
002030
00?036
002042
002044
002054
002064
002066
00201 I

00208 I

002083
002089
002096
002099
002r l0

2.9
t.0
1.5
1.8
2.9
2.0
1.7
l;0
t.3

B.
ll.
t0.
t5.
t0.
ll.

tB.
t9..
18.
t6.

2t.
19.
11 .

t7.
lB.
t6.
r5.
14.
13.
13.

12.
ll.
t0.

R

t3,
t2.
t1

0
0
C)

0
5

5
0
5
5

Cr

5
cl

0
0
0
5

U

0
5
0
O

5

n

0

+4 t/2
+2 t/2
+2

t.9
0.9
2.0
2.2
2.1
1.4
1.2
0.9
0.9
t.l
2.3
3.2
7.7
3.5
3.2

0.
-t.
3.

t0.
2.
aL.

t.
3.
4.
4.
2.

_)
-0.

5,
-t.
_')

-t.
o

5

t/2
t/2

+5
+2
+2
+3
+5
+2
+4
+3
+4
+
+5
+

t/2

t/2

t/2

high +5 l/2
ow +l
ow

+5
+l
+4

ow
OW

ow

È

rt-
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Table l. Continued

DATE
SAi\4PLE

NUMBER

TIDAL
STAGE

( HOURS )

CLOUD

COVER
(/")

DEPTH
( FEET )

TEI\4P OC

A I R WATER
SALINITY

(o/00)
O2 BOD N02-l.l NO3-N P04-P

atoms/LuH (p m)(

Sfat ion C

0.7
0.6
t.0
t.0
0.8
0.9
0.9
t.t
0.7
0.6
0.8
t.0
t.2
t.2
t.t
t.0
l.t
0.8
t.2
0.9
0.7
0.5
0.4
0.4
0.4

2.0
3.2
8.2
7.3
7.5
9.2

r0. I

9.5
t0.8
I 0.4
I 0.6
r0.9
il.t
7.8
6.8
2.6
0.2
0.0
0.2

0.1
o.4
0.9
0.7
0.4
t.0
0.4
0.2
0.5
o.2
0. t

<0. I

<0. I

0.3
0.2
0.5
o.3
0. t

<0. I

0. t

2.6
2.3
1.7
1.3
t.7
1.2
0.8
t.7
l.t
t.4
3.2
3.7
6.4
3.7
2.8

9.0
B.B
8.0
B.B
oa
8.7
8.4
8.9
9.6
9.6
9.8

ta.2
10.2
I 0.3
t0.0
I 0.7
t0.7
il.5
n.4
ll.8
t2.4
t3,B
l4 .2
t2.2
lt:7

**
8.0
8.0
8.0
8.0
B. t

8.0
B. t

8.0
B. t

B.t
B.t
B. t

8.2
8.2
8.3
8.3
8.3
B.J

8.0
B.0x
7.8
7.8
7.8
7.9

t.0
1.5
^tr
0.0
¿. (\

1.0
0.0

3t . t

30.5
30.0
3t .6
3t .4
3l .5
3t.t
3t .9
3t .3
32.4
3t.2
3l .2
J0.0
30.0
30.0
33.0
32.0
5t.0
33.5
33.0
33,0
32.0
3t.0
33.0
32.0

17.0
t3.5
12.5
t0. 0
I 0.0
r5.0
r 1.0
9.0
q5

9.0
8.0
4.5
5.0
5.5
5.0
4.5
6.0
4.0
5.0
5.0
5.5
4.5
5.0
7.5
7.0

S

S

S

S

S

c

J
c

S

S

)
)
S

S

q

S

s
ôJ

J
q

q

t0/ t

to/e
t0/ t7
t0/23
t 0/29
|/6
r/t4
| /22
t2/ 5

t2/9
-t-2/ t9
r2/21
t/3
I/B
t/t3
| /22
t /28
2/3
2/|
2/ te
2/28
3/4
3/ t0
3/ t9
3/26

00 r 903
00t9rB
001925
00 I 940
00 I 949
00 I 965
0ot97t
00 r 987
00200 I

0020t3
002021
002a29
002037
00204t
002049
002053
002063
002061
00207a
002080
002082
002088
002091
002 r 00
002t09

t230
0820
I t40
0900
I t40
I t25
I t05
0930
I 205
0955
1320
ilt5
I 340
1055
0930
t240
l0t-5
I t30
I t25
I 005
0l t5
t 020
0820
1025
0750

gh +l
oh +3
gh
gh
gh

t0
t0
50
10
20

t00
t0

t00
30

t00
t00
100
100

0
t00
l0

0

t00
60

,0
0

t00
t00
t00

+4
+2
L.

tlL

t/2

t/2

t/2
t/2

low
h igh
h ígh
low
h igh
low
h igh
low
h iôh

h

h
2.3
1.7
2.4
2.4
3.3
1.4
1.7
t.t

h

h

h

0.0
0.0
8.0
2.0
3.0
0.0
3.5
3.0
4.5
2.0

-2.0
-2.0
5.0

-t.0
-2.0
-2.0

:;. 0

/z

+4
+3
+2
+4
+2
+4
+3
+4

+5
+l

5.0

low
low
low
low
h ígh
high +5 | /2

+l

+5
+l
+4

ow
ow
ow
ow
ow

f\)
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SAMPLE
NUMBER

00 I 904
00r917
001924
001939
00 I 950
oat964
o01974
00 I 988
00 I 994
002002
oo20l2
002020
002031
002038
002040
002050
002052
002062
002068
002069
002019
002084
002087
002098
002t02
002 I 0B

T IME
(EST)

1220
0B t0
I 130
0855
I t35
I t20
I 055
0925
t0 t0
t2t0
0950
t3t0
I t50
1345
I 105
0925
1255
t0l0
I t35
I t20
I 000
0725
t025
0Bt0
I 030
07 45

TIDAL
STAGE

( HOURS )

CLOUD
COVER

(%)

t0
t0
20
90

0
t00
t0

t00
r00
30

t00
100
t00
100

0
100
20

0
0

100
80'o
l0

t00
100
t00

DEPTH
( FEET )

SALINITY
( 0/00 )

3t.
3t.
30.
32.
3l .
3t.
3t.

3t.
30.
3l .

32.
30.
30.
32.
32,
3l .

33.
33.
32.
3t.
5t.
33.
32.

O2
( ppm)

BOD
( ppm)DATE

t0/ t

t0/9
t0/ t7
t0/23
t0/29
r /6
t t / t4
| /22
r /26
t2/5
t2J9
t2/ t9
t2/21

22
t /28
2/3
2/n
2/ t9
2,/28
3/4
3/ ta
3/ te
3/26

Table l. Continued

TEMP OC

A I R WATER pH
N02-N N03-N PC4-P

¡rq-atoms/ L

Station D

h igh
h igh
low
h igh
h igh
low
high
high
h igh
low
high
low
h igh
low
h igh
low
low
low
low
high
h igh

+l
+3
+5
+4
+2

12"
7.

t2"
il"
16.
t0"
12.

+4
2
3
2

^
2
5
3

0
0x

/)
/1

/z

32
3l
3l

t/2

/z
/z
/z

t4.5
t3.5
t2.5
t0.0
r0.0
14.0
I 0.5
8.5
1.0
7.5
8.0
5.0
5.0
3.0
4.0
4.0
4.5
4.0
3.5
1.5
6.0
5.0
4.5
2.0
7.0
5.0

0
0
5

0
0
0
5
0
0
0
0
5'
0
0
0
0
5

0
0
0
5

0
5
0
0
0

0"
0.
0.
B.
6.
/)

-t"
4"
3.
4.
a

-2"
-2"
4.

-t.
-')
-t.
B.
5.

S

S

S

S

,S
'S

S

S

S

S

S

S

S

S

S

S

S

S

S

J
s
S

S

S

s

.B

.0

.B

.B
*
.0
.0
.0
.0
.l
.l
.0
.0
.0
.l
.l
.t
.t
.2
.2
.3
.2
.4
,3

8
B

7
B

7
7
*
B

B

B

I
B

B

B

B

B

B

B

B

B

B

8
B

B

B

B

0
B

B

0
7
5
I

2
6
6
6
1
6
0
0
0
0
0
0
5
0
0
0
5
0

0

B.
9.
7.
o
o

B.
B.
B.
B.
9.
o

t0.
9.

t0.
t0.
10.
t0.
10.

9
0
9
I

9
1
3
7
B

6
6
I

2
3
4
0
6
7
3
4
0
9
4
6
7
7

2.0'
1.2
3.3
2.3
3.9
2.2
t.3
t.t
0.9

2.6
t.t
1.7
2.0
t.3
t.0
t.2
1.7
t.3
1.4
2.O
2.5
6.0
3.6
3.2

<0
0
I

0
0
0
0
0
0
0
0
0

<0
<0

0
0
0
0
0

<0
0

I

3
0
5
6
5
9
5
2
5
2
I

I

I

3
3
4
4
I

I

I

0.6
0.6
1.4
0.6
0.4
0.7
0.8
0.9
t.2
0.7
0.8
t.0
t.0
1.4
t.3
t.l
t.0
t.l
0.8
1.2
t.0
0.7
0.6
0.5
0.4
0.4

2.t
3.3
7.2
8.0
7.O
7.7
9.2
9.8
9.9
l.B
0.5
1.2
0.9
t.2
B.B
6.1
4.0
o.4
0.1
t,0

+
+
+
+

t/2
3

/s
B

I

+
+
+
+4
+ l/2
+5
+l

+5 t/2
+l

lt.
il.
t0.
12.
t3.
14.
12,
il.

ow
ow
ow +5
ow +l
ow +4

\^¡

t1'
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Table l. Continued
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SAMPLE

NUMBER

00 I 905
0019 I 9
00 I 928
001941
00t95t
00 I 966
00197 4
00 I 989
00 I 997
002004
002014
o02022
002033

00 I 906
00 I 920
0019?9
001942
001952
00 I 967
00 I 975
00 I 990
00 I 996
002003
0020t5
o02023
002034

T IME
(EST)

1235
0825
I t40
0905
I t45
I r30
il t5
0935
I t00
I 200
I 000
1325
I t25

1240
0830
r r50
09 t0
I t55
I t35
I125
0940
il t0
I t55
t0l0
1335
I t35

TIDAL
STAGE

( HOURS )

CLOUD
COVER

(%)

t0
t0
BO

70
20

t00
t0

t00
t00
30

t00
100
t00

t0
t0
90
50
20

t00
t0

r00
t00
30

t00
r00
100

DEPTH
( FEET )

TEMP OC

A I R WATER

Stat i on E

SALINITY(o/oo) pH

5t.0
3t.B
27.4
3t. t

3t.6
29.9
3t . t

3t.2
3l .6
29.4
30.9
30.7
3l .4

30. B
3l .6
5t.l
3t.B
32.0
3t.B
3l.l
32.2
3t .6
3l .6
3t .9
3t .5
lt.B

O2
( ppm)

N02-N N03-N
uo-atoms/ L

BOD
( ppm)

P04-P
DATE

t0/ |

t0/e
t0/ t]
t0/23
t0/2e
r/6
t/t4
t /22
t /26
t2/5
t2lg
t2/ t9
t2/27

t0/ |

t0/e
t0/ t1
t0/23
to/29
r/6
r / t4
r /22
t /26
t2/5
t2/9
t2/ t9
t2/27

h ígh
high
high
h igh
h igh
low
h igh
h igh
h ígh
low
high
low
h igh

+2
+3 t/2

ò
J
S

S

S

S

S

s
S

S

s
S

S

S

S

S

S

S

S

S

s

S

S

il.
B.

t0.
ll.
t6.
il.
lt.
-0.

o

t0.
12.
|.

10.
16.
t2.

0
0
5
5
0
0
5
5
0
n

0
5
0

t6.
13.
t3.

t3.
13,
t0.

8.
7.
3.
B.
q

4.

B.
7.
a

8.
6.
5

0
5
0
0
0
5
0
0
5
0
0
5
5

5
5
0
0
0
0
0
0
5
0
0
0

B

B

7
7

7

9.0
B.B
7.8
8.7

t0.0
8.0
B.l
9.1
9.6

t0.9
9.6

t0.6
10.6

*
.0
,0
.B
.9
o

.7

7.9
8.0
8.0
8.0
8.0
B.l

2
I

I

2
3
I

2
3
I

3
2
2

0
7
7
5
6
9
2
3
9
0
9
3

0.1
0.5
0.7
0.4
0.5
o.4
t.t
0.4

2.O
t.7
1.5
2.2
2.9
1.6
t.7
t.l
t.2
2,1
1.6
0.8

0.1
0.6
1.7
t.0
0.8
0.6
0.7
1.0
t.l
0.7
0.6
0.8
t.0

0.9
'0.6
1.3
0.8
t.0
0.7
0.8
t.0
t.4
o.7
0.8
0.8
t.l

+4
+2
+2
+
+4
+3
+2
+3

/z
/z

t/2

I

3
6

l3
7.

B

9

**

I

3
7

B

7
1
9

0.2
0.5
0.9
0.5
0.8
0.4
t.0
0.5

1
B

9
B

2
2
B

+4 t/2
+2

0.
2.
B.
)
t.

h igh
h igh
h igh
h igh
h igh
low
high
h igh
h igh
low
high
low
h igh

+2
Station F

rT;õ-T5;o
8.0
il.0
I 1.0
I 7.0
|.0
il.0
0.0
0.0
0.0
9.0
2,0
2.0

B

I
7
B

9
B

B

B

9
t0
9

l0
9

8.0
B .0x
7.8
7.9
1.8
7,8
**
8.0
B. I

8.0
8.0
8.0
B.l

5
4
B

6
2
5
I

9
2
0
2
4
2

+4

+4
+2
+2

/z
/z

+ l/2
+4 t/2
+3
+2 t/2
+3
+5
+2 l/2

7
I

6
0
5
4
3

è
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Table l. Continued

I
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DATE

t0/B
t0/22
il/|
n /25
t2/e
t2/23

t0/1
t0/2t
il/t
r/t9
t2/3
t2/ tB

t0/ to
t0/24
r/4
n/tB
t2/6
t2/20

t0/7
to/2t
n/t
n/t9
t2/3
t2/ t8

SAMPLE
NUMBER

00r9t4
ool937
00t962
00199r
002009
o02028

001 9l 5
00 I 935
00 I 959
00 I 983
002006
0020 I B

oot922
001945
00 I 960
00 I 982
002008
002025

00t912
00 I 936
00 I 958
00 I 984
002a05
002017

T IME
( EST)

0855
0920
l0t5
I 000
I 000
l0t5

1325
1220
0945
t330
I 400
1355

0825
0820
t330
1230
l4l0
1340

t240
1305
lo25
I 420
I t50
I 435

O2
( ppm)

r0.5
l2.t
7.0

I 0.5
9.1

10.2

BOD
( oom)

TIDAL
STAGE

( HOURS )

low +4
low +3
low +3
low +5
high +
high +l

t/2
t/2

high +2 l/2
h igh +2
high
low +5
low +4 I /2
low +4 |

I

low +4
low +4
low +5
h ish
low +4
high +

DEPTH
( FEET )

Station 5

Station I I

Station l2

Stat ion 13

TEMP OC

AIR WATER

SALINITY
( 0/00 )

32.0
32.0
lt.0
3t.0
5r.0
Jt.0

30.0
32.0
30.0
3t.0
3r.0
30.5

32,
30.
3l .

30.0
32.0
30.5
lr.0
3r.0
5t.0

CLOUD
COVER

(%)

0
0
0

50
100
oo

50
0

l0
0

100
30

0
0

r00

BO

0
50

0
60
40

PH

/z
/z
/2

t/2

high +5
high +5
h igh +2
high +2
high +2
high +4

s
S

S

S

S

s

9
6
9

il
9
4

0
0
0
0
5
0

I 3.0
r0.5
t0.0
9.0

8.9
8.9
9.2
8.9
9.6
9.5

8.0
8.0 "

7
.t

2.

9
9
0

B

9
0
B

9
0

3.4
4.8
4.1
2.7
4.t
1.7

6
5

0
0
6
3

2
5
4
3
2
B

9
B

7
0
6
I

7.5
5.0

8"0
8.0
8.0

7
7
B

B

7
7

/z
/z
/z

S

s
S

S

S

S

S

S

s
s
S

S

22.0
5.5

19.0
l2.o
9.0
5.0

25.0
5.0

20.0
il.5

r6.5
il.0
I 5.0
10.0
7.0
7.0

15.5
9.5

I 3.0
t0.0
7.O
6.5

I
7
7

0
9
5

8.0
8.0

9
7
I

8.0
8.0

2.3
2.1
3.0
t.9
1.5
3.9

\¡

5
I

3
2
4
2

9.5
9.5
9.1
8.9
8.9
9.6

0
B

B

8.0
8.0

S

S

s
S

S

S

/z
/z

13.5
10.0
lt.5
10.0
7.5
7.5

0
0

9.0
4.5

16.0
9.5
7.0
7.5

32

32

0
0
5
0

0

3.0
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Tab le I . Conti nued
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DATE

to/ to
t0/24
n/4
il/tB
t2/6
t?.i20

tc/8
t0/22r/|
I i25
t2/e
t2/23

SAMPLE
NUMBER

001923
00 I 946
00t961
00l98r
oo2o07
oo2026

00t9t5
00 ¡ 938
00 I 965
001992
0020 r 0
002027

T IME
( EST)

091 0
0850
t 4l5
I t40
1355
t 4l5

t020
r 0J5
r 130
I 145
I125
It45

T IDAL
STAGE

( HOURS )

igh +3

CLOUD
COVER

(%)

60
0

100

t0
0
0

70
t00
50

SALINITY
( 0/00)

32,0
30.5
ll.0
5l ,0

32.O

10.0
3l .0
30.5
29.5
30,0
5t.0

O2
( ppm)

8.8
9.t

10.2
8.9

r0. I

t0.2

BOD
( ppm)

DE.DTH
( FEET)

Station l4

TEMP OC

A IR I^/ATER PH

h

h

h
I

I

I

7
7
B

8.0
8.0

4.5
0.5
2,5
1.0
8.0
7.5

r0.0
5.5

r4.0
8.5
4.5
3.0

0
40

S B

9
0

2.7
2.6
2.9
2.2
t.B
2.9

2.1
4.5
2.2
t.B
2,4
8.7

9.0
8.6
8.7
8.5
9,4
8,9

igh +3
igh + /z

/z
/z

S
q

S

S

S

S

S

S

S

S

S

ow
ow
ow

ow
oþ/

ig
ig
ig
ig

+4
+3
+4

+
+
+3
+4

Statíon I 6

h

h

h

h

I

I

h
h
h

h

I 0.5
8.5

t3.0

10,0+5 t/2

t/2
t/2

8.0
8.0

r 5.0
12.0
15.0

8.0
8.0
8,0

il.0
9,5
5,5

t4.5
t0.0

xbeg i nn i ng use of pH meter

xxpH meler broken

Ot

r
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3.2 Heavy Metals

Copper concentrations in soft shell clams, Wa atertaria, and mud

(Tabl e 2 ) were r¡n¡rul. At no time did copper concentrations in soft

shell clams exceed the Food and Drug Administrationrs alerf level of

25 ppn. The ranges for soft shell clams and mud were 5.2 - 9.0 ppm and

6.2 - 22.5 ppn, respectively.

Heavy metal sampling was terminated on December 5l, 1974, as Per

contract agreements. At no time from February 1972 to December 1974 d¡d

the copper concentrations in soft shell clams exceed the Food and Drug

Administrationrs alert level of 25 ppn.
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Table 2. Copper concentrations (ppm) in soft shel I clams,

.Mya æenaria, and mud from Salem Harbor,
October - Decernber, 1974.

Dafe Stat i on
Soff shel I

clam Mud

m
lit

n
iÐ
H

ffi

rïbt

r?
'!

È

(

i..

t0/23

|/t8

t2/ t9

il
l3

il
t3

7.5
5.2

t8.7
7.0

t7 .6
6.2

22.5
6.4

lt
t3

9.0
7.7

,,3
6.8

,

I
_t

I

I
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4.0 BIOLOGICAL INVESTIGATIONS

4.1 Primary Production

Concentralions of chlorophyl I a during the sampl ing period were variable

(Table 3 ). The decl ine at the end of the previous guarter (Progress

Report No. 12) continued to a low on 0ctober 17 (Figure 4 ). There was

a slight peak on October 29 which was followed by a general decline fo

minimal levels during the winter months. A sharp peak was noted at all

stations on March 4.

Ranges for chlorophyll a and other accessory pigments for the per¡od

were:

- 17 .21 W/n3
- I .04 ng/n3
- 6.21 nq/m3
- 7 .04 m!/m5

l4Oarbon assimilation rates also varied durîng the period (Table 4 ).
Surface assimilation rates declined during the f irst part o-f Oclober, 1974

(Figure 4 ). During the winter months the levels r'rere minimal. There was

only a slight increase in surface rates in March , 1975. Uourlu"r, there was

no peak during that month as was noted for the chlorophyll concentrations.

Mean assimilation rates for the five relative light intensity levels

were separated into two three-month periods (Tables 5 and 6). During the fall
months (October - December, 1974) Station B had fhe lowest mean assimilation

rates of all four stations (Figure 5 ). This had also been noted for the

fa I I monfhs of 1973 (Progress Report No. 9).

Chlorophyl I a,

b
e

Ca roteno i ds

69
00
00
20

0
0
0
0
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20

Table 3. Chlorophyll counts (mglm5) in Salem Harbor,
October, 1974 through March, 1975.

Date Station Chlorophyll a Chlorophvll b Chlo ll c Carofeno i ds

t0/ t

t0/29

|/t4

t2/6

t2/27

t/B

t /22

11 .57
9.69

11.05
I t.53

4 .47
3.45
3.57
5.58

A

B

c
D

A

B

c
D

A
B
c
D

A
B

c
D

A

B

c
D

A
B

c
D

A
B

c
D

A
B

c
D

A
B

C

D

t0/ t7

0
0
0
I

0.
0.
0.
0.

40
2t
28
07

5.96
3.97
4.96
5,51

0.
0.
0.
0.

rl
iJ

3

3.
3.
3.
;

10.
10.
lt.

.4902
67
67
35

2.23
l-43
2.77
t.62

t.33
0.3 I

0.74
0.25

0.00
0.3 r

0.44
0. t4

0.47
0.33
0.9 I

0.48

0.4 t

0.7 t

0 .00
0.33

0. 70
0.73
a.23
0.60

I .04
0. B0
l.0t
0.50

52
24
20

2
0
0
0

6
5
5
5

2
4
4
2

2
I

I

I

0. 66
t. t6
1.16
0.55

3.85
2.98
4.3t
5. t8

0.79
0.92
t.22
0.60

t.2B
t.il
1.62
0.90

rI
t¡
tt

LI

rl
JJ

F.-l1¡

r¡

t
Fvt

s

*}

12.

2.75
2.94
2.56
2.60

2t
70
48
47

9B
00
73
86

55
0l
06
23

I

0
0
0

0
0
0
0

0
0
0
0

5t
27
3B
34

07
07
00
05

.00

.34

.55

lo
.65
.83
.91

0.80
t.2B
0.40
I.3t

6.65
7.74
6.26
6. 89

3.94
3.94
4.22
3.73

I .44
0.69
1.44
0.97

69
50
69
50

66
76
40
2A'!

I

i

.{

2.5t
1.43
0. 87
1.29 47

0.84
0.87
0.68
0.68

l.84
2. t5
2.53
I .69

3.
)
3.
t.

07
52
32
73

04
72

2/4

.80

.25
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Table 3.

ll a Chl

Conti nued

35
47
43
05

60
40
40
0t

0
0
0
0

0
0
0
0

2.75
2.52
2.52
t.22

A

B

c
D

A

B

U

D

A

B

c
D

il
tt
ti

il

t
!'l
il

ü

Ð

Ð

H

Ð

TIiJ

ô

2/n

3/4

3/ t9

Station Ch loro h ll b Chlo ll e Carotenoids

15.57
15.49
17.2t
I 5.42

7 .4t
9.92
6.97
6.59

.2t

.40

.20

t.47
I .58
t.t5
0. 65

7 .08
6.78
7.02
6.tI

3.34
4.32
3.5t
3.42

1.03
0.59
I.t4
r.il
5
4
6
5

2
3
2
2

30

0. t5
0.22
0. t3
0.0 t

.61

.53

.44

.86

I
!

I
I
J

¡'t
þ.¡

It
1

.t
I

I

*-'
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and l4C assirnilation,(ugl4C/t/nr) taken at the suVface
Salem Harbor, October 1974 through March 1975.
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Table 4. Primary production t l4Cl in Salem Harbor,
October, I 974 through March , 1975,

Date Sfat i on

L ight
I ntens i ty

(%)
Depth

( Feet)
Temperature

oc
u t 4cl t/n,

t3.5
27

0
4
I

13.5
0
4
B

t3.5
27

32.5

14.
15.
12.

123
lt8
t00
4t
66
B2
47
t9
4

t55
lt0
t00
t6

162
l68
107
44

6

l4 ,5
I 4.0

0
3.5
7.5

t2
0

I

r00
50
25
t0

100
50
25
t0

I

t00
50
25
l0

r00
50
25
t0

I

t00
50
¿2

*t0
t00
50
25
t0

I

¡00
50
25
l0

I

t00
50
¿>
t0

I

A

B

c

D

A

B

il

fi

il

[]

il
fi
it

il

fi
'ãr
is
ÈJ

ffi

t'i¡iè
"I:¡
¡J

"9
,la

t0/ t

t0/ t7

)

14.
t2.
2t.
2l .
il.
il.
10.
t6.
15.
14.
il.

0
5
5
5
0
0
5
0
5
5
0
0
5
0
0
0

I
2
0

l2
l2
9
4

l3
il
7
4
I

l9
t6
t7
B

2
l9
22
t5
ö
2

I 3.0
t3.5
13.0

t3.0-
I 3.0
12.5
t2.5
t2.5

5

.5

0
4
I

t5
0
4
B

t3
2t

0
3
6
il
2t

0
5

t0
l6

20.0
t6.0

t3.0

t3.0

t2.5
t2.5

t2.5

5
5

5

c

D

ì
I
!

i

I
1

I

:'i

12.5
t2.5

t2.5
t2.5
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Tab le 4. Conti nued

Date Stat i on

L ight
f ntens i ty

(í) Depth
( Feet)

a

t

6
l9
5

l0
5

t0
4
2
3
*
9
I

0
2

5
5
5

l2
I

9
I
2
*
2
4
I

2
I

3
2
2
2
5
4
3
0
0

A

B

c

D

A

B

. ,.i- ,

ü

il

it

n

ü

i.l

il

Ð

g

fr

B

r-l
Ì

J

I

Temperature
oc

ust 4c/Unr
t2/6

t2/27

t00
50
25
t0

t00
50
25
to

I

t00
50
25
t0
2

t00
50
25
t0

I

100
50
25
t0

--t00

50
25
t0

I

r00
50
25
t0

t00
50
25
t0

I

0
3
6
9.5
0
3
6
9.5

t9
0
3
6
9.5

l6
0
3
6
9.5

t9
0
6

I2
20

0
5,5

I 0.5
t7.5
35

0
6

t2
20

0
5.5

n.5
t9
38

6.5
6,5
6.5
6.5

t 4.5
I 3.0
7.5
6.5
6.5
6.5
6.5
6.5
6.5
6.0
6.5
6.5
6.5
6.0
5.5
5.5
5,5
5.5
5.0

t3.0
6.5
5.0
4.5
4.5
4.5 _
5.0
5.0
5.0
4.0
4.0
4.0
4.0
4.0

C

D

':l
:
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Table 4. Continued

Date Stat i on

I Lighf
I nlens i ty

(%)
Depth
( Feet )

Temperature
OC usl4c/Jnr

I

f
å
:
ü

t0/2e

illt4

0
4.5
9

t5
0
4
8

t3.5

A

B

t00
50
25
t0

¡00
50
25
l0

I

100
50
25
l0

t00
50
25
t0

I

0.5
0.0

430.5

il.5
10.0
t0.0

10.0

I 0.5

9.5

10.0
t4.5
13.5

19.
16.
t0.
10.
t0
il
il
ll
10.
t0.
10.
t0.
9.
o

43
29
t8
33
5B
4t
22

5

58
75
62
25
74
77
8t
28

ö

l4
l4
il
3
*
*
*

l0
2
I

*
22
il
3
9

t2
9
5
I

27
0
5

l0
t6
0
4
9

t5
30

D

5
0
0
0
0
0
0
5
9
0
0-
0
0
0
5

5
5
5
5

A

B

D

I 0.5
10.5

9,5
f 0.5

I 0.5
10.0

r00
50
25
t0*2

r00
50
25
t0

I

100
50
25
t0

r00
50
25
t0

I

5

0
4
I

13,5
¿)

0
4
B

t3.5
27

0
4
I

13.5
0
4
I

13.5
27

d'

¡

I'j

f

t
L

I
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, Table 4. Continued

Date Sfat ion

Light
I nfens i ty

(%)
Depth

( Feet )

Temperafure
oc l4c/t/nr

0
ÊÊ

il.5
t9
0
6.5

A

B

c

D

A

B

fl

Ë1

ir

fr

il
t'ltl
IJ

ffi

.il

il

fl

I
sl':fi.i

I

t4
t5
5
4
2
2
I

4
2
3
5
5
B

5
6
9
4

4.0
4.0
4.0
4.0
il.5
5.5
4.0
4.0
3.5
5.5
5.0
5.0
4.0
4.0
3.5
3.5
3.5

3.5
3.5
3.5

t0.5
9.0
5.0
3.5
ztr

3.5
3.5
3.5
3.5
5.0
5.0
4.5
4.0
4.0

t/B

t /22

t00
50
25
t0

100
50
25
t0
2

100
50
25
l0

t00
50
25
t0

t3
2t.5
37

0
5,5

il.5
t9
0
6.5

l3
2t.5

3
7
6

l0
9

t5
6
0
*
9

t5
9
I

t2
l0
7
I

t00
50
25

to0
50
25
t0

I

t00
50
25
t0

t00
50
25
t0

I

0
5.5

I 0.5
0
4.5
9

t5
30

0
5

t0
l6
0
5

t0
l6
32.5

c

D

L

I
I
t

I
Ij

I,l

t-ì
¡.t

a' .1'I
i,i

i. I i

;- .Ì
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Date Stat i on

Light
I ntens i ty

(%)

Table 4. Continued

Depth
( Feet)

Temperature
oc vsl 4c/L/hr

l2
l2
I

t3
I
3
3
0

6
6
6
3
3
3
0
0

t7
30
25
l7
24
29
33
l6
7
*

54
5l
t8
5t
89
84
40

3.0
3.0
2.5
9.5
6.0
t.5
1.5
t.5
5.0
5.0
2.0
1.5
t.5
t.5
t.5
t.5

2.0
2.0
2.0
3.0
7.5
6.0
4.5
3.5
3.5
4.ù

3.5 -
3.5
4.5
4.5
4.0
3.5

0
5.5
il.5
19.5
0
4
I

13.5

0
7.5

t5.5

2/|

3/4

t00
50
25

r00
50
25
l0
2

100
50
25
t0

t00
50
25
l0

t00
5o
25
l0

t00
--50

25
t0

I

t00
50
25
l0

t00
50
25
t0

0
7

t4
23

A

B

39
0
7.

t5.
25

0
8.

5
5

5

c

D

A

B

c

fì
l{il

it
H

&

Þ

ffi

g

tf?
t

i¡

16.
27

27
0
5

t0
l6
0
5,5

I 0.5
t7 .5

D
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Table 4. Continued

Date Stat i on

Light
I ntens i ty

(%)
Depth
( Feet)

Temperature
oc uql4c/L/hr

22
*

29
l8
54
54
44
28
l0
35
35
69
45
4t
55
67
53

7

7.0
7.0
6.5
6.0
ll.0
10.0
9.0
6.0
4.5
6.0
6.0
5.0
5.0
7.0
6.5
5.5
5.0
4.A

0
4
I

t3
0
3
7

t2
24

0
3
7

l2
0
4
9

t5
50

A

B

D

t00
50
25
l0

t00
50
25
l0

I

t00
50
25
l0

t00
50
25
t0

I

3/ te

5

5
5

5

5
5

il

5

Ð

Ð

g

Ð

Ð

3

xLight bottle lost
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Table 5. Mean primary production levels (

Salem Harbor, October - December
l c/L/nr> i n
197 4.

Relatîve
I ight

i ntens i ty
(%)

Stat i on
A B C DRanqe Mean Ranqe Mean Ranqe Mean Ranqe Mean

t00

50

25

l0

12

6-123

B.IIB

2-t00

x4-4l|

x2-66

x4-82

| -47

2-22

t-5

*x3- I 55

2-|0
l-t00

0-25

**i( _

5-162

4-t68

3-107

0-44

l-B

34

36

26

t5

24

29

l8

I
2

59

39

32

46

rìrliIt:t

48

37

l6

3

9

2

,ït
L¡

t
i¡Í
ü

ir
r'$
IJT

m
''.*
BS

f!Î't.û

Ub

Fjr¡

J

*5 samples only
x*4 samp I es on I y

x**2 samp I es on I y

Table 6. Mean primary production levels fugl4C/t/nr> in
Salem Harbor, January - March, 1975.

Stat i on

Relative
light

i ntens i ty
(fi)

A B D
Ranqe Mean Range Mean Ranqe Mean Ra e Mean

100

50

25

l0

3-22

*7-30

6-29

xxl4-lB

l4

t6

t7

l6

l0-54

8-54

3-44

3-28

2-10

x*3-35

5-54

5-69

3-45

t-4t

3-89

0-84

0-53

*xx | -7

23

22

2t

il
4

22

t5

29

l7

t6

33

2t

4

34

s2

x4 samples only
*x3 samp I es on I y

*xx2 samp I es on I y
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Howeve'r, during the winter months (January - March, 1975), Station B had
!

the highest mean assimilation rafes in the warmer surface water (Figure 6 ).

Again, this had been noled for fhe same period in 1974 (Progress Report No. l0).

4.2 Adenosine Triphosphate (ATP)

Routine ATP samples were col lected from five stations during the

sampling period (Figure 7 ). A new numbering system was employed as of

January l, 1975. The new and old numbering systems are presented below.

Station Number Station Number
Pre-1975 Station Location 1975

I

l3
3
4

t2

I ntake
Head of discharge canal
Mid-poi nt of d i scharge cana I

Mouth of discharge canal
Navigation Aid rrC-21 I'

I

2
3
4
5

f

.:ì
ì
i

Results (Table 7 ) confinued to show no consistent variation between

stations indicating no mortal ity of phytoplankton in the discharge canal.

Levels of ATP were similar_to levels recorded during the same period in 1973

and 1974. ATP values for February and March are not available due to a delay

in del ivery of the enzyme necessary for laboratory analysis.

4.3 F inf ish

ln accordance with the new contract agreement with New England Power

Company, all seining and trawling for adult and juvenile finfish was

terminated on December 3l , 1974.

Finfish sampled by trawls and seine in Salem Harbor totaled 9,954

individuals and represented 27 species (Table B ). Four species comprised

88 percent of this total. They were: Atlantic silverside, Menidì,a
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Figure-7. Location of ATP (Adenos¡ne triphosphate)
sampl ing sfations in Salem Har6or.'
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Table 7.. Adenosine triphosphate (m¡rgATp/L) levels in salem
Harborr. October 1974 through January 1975,

Date

Stat ion l0/ I /7 4 l0/ t7/74 t0/2e/74 |/t4 /tq t2/5/74 t2/27/74 t/B/75 t /22/75

450

4t0

480

400

320

il

il

il

il

t
3

il

Ð

$

t
fr

T
r¡

'i
--t

r il)
2 u3)

3 (3)

4 (4)

5 |2)

I 980

385

720

660

I 800

950

645

300

295

855

Bt0

550

230

820

280

340

265

295

255

340

B5

105

155

290

450

4t0

4t5

440

360

70

il0

95

85

t25

- Station not accessible

{

,.r

i

I

f

I

.J
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Spec i es

Table 8. Numerical rank of finfish col lected in
Salem Harbor, October - December, lt974.

Method of Ca ture
t

Sei ne Traw I Traw I Tota I s

5.

ì

6

t.
2.
3.
4.
tr

6.
7.
8.
o

t0.
ll.
t2.
13.
14.
t5.
16.

17.

it

t
Atlantic si lverside
fourspine stickleback
threesp i ne stickleback
wi nter f lounder
b I ueback herri ng
northern pipefish
rainbow smelt
mummi chog
n i nesp i ne stickleback
Atlantic cod
grubby
Atlantic tomcod
striped killifish
skatex
cunner
Atlantic herring
sílver hake
w i ndowpane
American eel
striped searobin
butterf i sh
Atlanfic mackerel
I umpf i sh
ocean pout
shorthorn sculpin
white hake
yel lowfai I flounder

Tota I s

2,336
643
95

172
385

67
2

t8

3,724

2,092
I ,062
1,261

780
6

28t
t84

I

52
t7
32
27

5,825

353

3t

4A5

4,429
1,705
1,356
1,505

39t
28t
t89
68
54
48
32
27
t8
il
B

6
6
6
3
3
2
I

I

I

I

I

I

9,954

5

n
:.j ¡

F,¡

tt!
i¡$

ft
gtl

ffi

Ã
f.:Ì
i,=f
É3

?
LI

it
L

':,,l

3
I

4
2
3
3
2
I

I

I

I

I

I

2
4

t8.
t9.

xNot separated by species.
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menid¿a Q4%); f oursp ine stickleback , ApeLtee quaÅ.raeus (17%); threespine

stickleback, Gasterosteus aeuLeatus (|t4f); and winter flounder, Pseudo-

pLez,uonectes ønerieanus (l3Ð .

Species diver.sity (tofal number of different species) remained greatest

at the 30-ft shrimp trawl slations (Table 9 ). The highest value occurred

November 4 when 17 di f f erent species vvere taken; however, on successive

sampling dates, diversity declined steadily to a low of 6 species on

December 20.

At the 3O-ft shrímp trawl stations Atlantic si lversides, threespine

slicklebacks, fourspine sticklebacks and winter flounder were most abundant.

Atlantic si lversides and fourspine sticklebacks were the dominant

species taken at the 120-ft haul seine stations.

The 49-ft otter traw I accounled for 6 percent of the tota I catch i n

Salem Harbor. Winter f lounder was the dominant ß7fi) finfish taken by this

gear (Table I ). No sampling was done in October due to the heavy

concentration of lobster p'ots in the trawl area. Winter f lounder and

Atlantic cod (GaÅus morhua) were the most abundant species taken outside

Salem Harbor (Table l0 ).

Table ll lists the fotal numbers, size ranges, and msan total lengths

for the more abundant finfish species taken at each station in Salem Harbor.

4.4 lmpinqement lnvesti qat ions

Random Sampling

Random sampling at Units 5 and 4 sluiceways continues toyield minimal

numbers of finfish (Table 12 ). 0f the combined total of 256 individuals

taken at Units 3 and 4 sluiceways, 79% were represented by three species--
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Tab le 9. Number of finfish_species taken, by melhod of capture,in Salem Harbor, October - December, 1974.

Dafe
120-tt
Seine

50-ft
Traw I

49-ft
Traw I

t0/7 4 * *
t0/ l0 * t5 ,t

2 l3|/t *5

5

Jf

n/t I tÍ t0
9

te

4
3

6t2/ t8 2 JI *
t2/ tf

6 *

*Method not employed on this date
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Table 10. Numericar rank of finfish cor rected outsîde sarem Harborwifh the 49-Í+ trawl, October _-Decemb"r:,-igä'.-

Spec ies Tota I s

l. winfer flounder
2. Atlantíc cod
3. windowpane
4. yel lowtai I flounder
5. si lver hake
6. skatex
7. 'rainbow 

smelt.
8;, gooseflsh
9. butferf ish

Tota i s

136
260

39
29
20
lt
4
3
I

503

*Not separafed by species.
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Table ll.

Spec r'es

Total numbers, mean lengths, and size ranges for the more
abundant finfish species col lected, by meihod of capture,in Salem Harbor, October - December, 1974.

r:!
.LJ
ì

nÌt
--.û

Tota I

Col lected

S ize
Range
(mm)

Mean
Length

(mm)

Atlantic si lverside

Atlantic si lverside
fourspi ne stickleback
blueback herring

Atl antic si lversi de
winter flounder
threespine stickleback

fourspine stickleback
threesp i ne stickleback
Atlantic si lverside
wi nter f lounder
northern pipefish

wi nter f lounder

I2O-FT. HAUL SEINE

Station LL
1,132

Station L3
1,204

635
362

3O-FT. SHRIMP TRAÌ,JL

Station L2
I ,469

382
3tB

Statíon L4
986
943
623
398
262

49-FT. OTTER TRAWL

Station L6
353

65-t54 l02

94
4t
93

í-f,
,.8
I.¡3

)
:i*
úg

Ð
lif

ff
H'
r*

*i¡
a'aÌ

-
ã-l

ì.{
-J

ì
r!

50- r 59
30-64
55-t29

65-t54
45-449
30-7 4

20-64
25-79
60- I 54
50-394
95-199

t95-534

99
t58
45

4t
46
97

t70
149

3il

n*

e.j
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Total numbers and mean total lengths (mm) of finfish taken inunits J and 4 sruiceways, october, rg74 through March, rg7i.

3 t0/9 l0/24 I 25 t0/25 t0/25 I 0/29 t0 4 n/5 n/6
r 000 060 000

Tab I e 12.

( EST)

Tidal
Stage
(Hrs)

002 1200 t400 t400

9
(68)

*t( **

0800 t200 t40o

Unit f

I

( 242)

I

( 52)

I

(252)

Unit 4

** ** tÉ*

0800

I

(87)

I

(257)

0900
I t00

00il
1300 1300700

H L+5 L+2 L+t H H+4 L L+4 L L+2 L+5 L+2Spec i es

b I ueback herr i ng

winfer flounder

pearlside

b l:.¡ef i sh

Atlantic'tomcod

5
( s3)+

Tota I s*

t4 (t4')

I il)

2 u)

r il)

2

lt*

tr¡
\o
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Table 12- Confinued

n/t3 n/t5 |/15 il/ IB n / t8 n /25 t2/2 t2/9 t2/n t2/ il t2/ t6 t2/ t7
( EST)

Tidal
Stage
(Hrs)

I 500
I 700

I

(Le7 )

L L+5 H+2 H H+2 L+2 L+5 L H+l H+3 L+5 H+f

00
ll00 1500 1500

r 500 I 500
r 700 I 700

Unit 3

I

( 62)

I t00
I 300

3
(e7)

I

(L07 )

I

(77 )

I

(L37 )

r500 lr00 r300 t300 r700

I

(LL7)

Soeci es

red hake

Atlantic si lverside

b I ueback herr i ng

shorthorn sculpin

ra inbow srnel t

northern pipefish

winler flounder

Atlantic tomcod

3
(L45)

I

(LL7)

28
(LgL)

3
ft65)

Tota I s*

I il)

4 (4)

il)

2

I

32 (31)

5 il)

Þo
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Table 12. Contínued

t/t3 n/15 il t5 u/t8 il lB n /25 t2/2 t2/9 t2/ I t t2/ I t t2/ t6 I l7
(EST)

Tidal
Stage
(Hrs)

r 700

5
(56)

3
(L05)

I

( B2)

f

(L52)

0900
I t00

2
( 52)

I t00
I 500

I

(72)

6
( ee)

7
(L06 )

I

(L52)

0900
I t00I 500

.l
(L02)

t3 300
I 500 I 500

500
700 I 700

00 500
300 t300 700

L L+5 H+2 H H+2 L+2 L+5 L H+I H+3 L+5 H+J
Spec i es

b I ueback herri ng

Atlanlic si lverside

northern searob i n

ra i nbow sme I t

4
( 5L)

I

(L42)

I

(47)

3
( 55)

Unit 4

--î-(88)

I

I

(87)

BB

itosl

4
(e6)

Tota I sx

t9 ( t9)

98 (97)

2 (2)

t2 ( t2)

2U)

3

il)

r4 ( r0)

northern pipefish

winter flounder

g rubby

w i ndowpane

cunner

threesp i ne stickl eback

3
(s4)

3
( 54)

3

I

(L20)

7
( 54)

I

( 52)
6

( 5L)

s
mumm i chog r il)
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t2/24 I /2

Table 12.

t/2 t/7

Cont i nued

t/7 t/7 t/13 t/23 t/27 t/30 2/6 2/tO
(EST)

Tidal
Stage
(Hrs )

0900
I t00

r t00
I 500

I 500
I 700

0700
0900

I 100
I f00

I 500
I 700

I 300
I 500

I t00
I 300

I 500
I 700

0900
I 100

I t00
I 300

I 500
I 700

Tota I s*Spec i es

ra i nbow smel t

wi nter f lounder

Allantic si lverside

Aflantic si lverside

winter flounder

threespi ne stickl eback

H+3 H H+2 H+t H+5 L+3 H+2 H+5 H+5 L+5 H+5 H+5

Unit 3
I

(2L7)

(122)

I

( e5)

3
( L15)

2

I

(107)
2

( 102)
2 B(6)

( B2)

B (B)
Unit 4

I

(102)
** 6

(L00)
I

( e2)

3
( 82)

4
( 51)

3

4

Þ
f.\)
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2/20 2/20 2/24

Tab I e 12.

2/28 2/25

Cont i nued

3/6 3/ t0 3/ to 3/ t3 3/ t4 3/ t7 3/2t 3/24
(EST)

Tida I

Stage
(Hrs )

0900
I t00

I 500
I 700

t200
I 400

0800
I 000

I

(e7)

t200
I 400

I

(387)

0600
0800

I

( B2)

I

(67)

I 000
1200

t200
I 400

I

( 2e2)

t200
I 400

0600
0800

0800
I 000

I 500
I 500

1200
I 400

H+5 L+4 H+4 L+2 H H+t H+t H+3 H+l L+l L+t L+5 H+5
Spec i es

Atlantic si lverside

winter flounder

ra i nbow sme I t

Unit 5

Tota I sx

I

( 82)
2 U)

il)

2
(154)

*l( ** r il)

2

I umpf i sh

northern pipefish

Atlantic si lverside I

(102)

xNumber of dead f ish shown in parentfrLs¡s

tMean total length in mm

xxun¡t shut down

2

Unit 4
**

Þ
tJ¡
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Atlantic si lversides ( 47fi), rainbow smelt (197l), and btueback herring (13l).

A total of 17 species were taken. During 98 hours of investigations at the

Unit 3 sluiceway, 84 f inf ish ( ll species) were taken. Unit 4 yielded 172

finfish (ll species) during 78 hours of sampling. The catch rates for

Units 5 and 4 were 0.9 f ish/hr and 2.2 tish/hr.

Mortality rates at Units 3 and 4 sluiceways were 75í and BBl".

0n October 25, 1974 a pearlside, MauvoLíeus pennanti, was taken in

the Unit 3 sluiceway. This species had not previously been taken during

the study. B¡gelow and Schroeder ( 1953) state that M. permøtti ranges

widely in the open Atlantic, but has not often been recorded on the American

side of the Atlantic. Thus the capture of this species is considered as

a rare occurrence.

24-hr I nvestigations

Continuous 24-hr investigations performed on November 7 - 8,

January 28 - 29, and March lg - 20 yielded 6, 24, and B f inf ish, respectively,

at the Unit 5 sluiceway unl 231,94, and 5 finfish at the Unit 4 sluiceway

(Tables 13, 14 and l5). ln all, l6 species were taken. Two species (blue-

back herring and Atlantic si lversides) accounted for B0Í of-al I finfish

captured. A rank of finfish abundance for the combined threJ 24-hr investi-

gations is presented in Table 16.

Ninety-four percent of the finfish impinged on the Unit 4 traveling

screens during November were juvenile blueback herring. Atlantic silverside

was the dominant species impinged in January (60Í).

Mortality at the Unit 3 sluiceway was 29%. Unit 4 sluiceway mortality

was 77%. The latter mortality was attributed to the great number of blueback

herring since this species is not tolerant to physical stress.
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Table 13.

S tes

northern searob ¡ n

blueback herring

bluefish

Total numbers and mean total lengths (mm) of finfish taken in Units 3 and 4 sluíceways
during a continuous 24-hr investigation, November 7 - B, 19j4.

November 7 (0800 EST) - November B (0800 EST)
Time
( EST)

I 200
I 400

I 800
2000

I

(e7)t

I

( 192)

I

(77)

2000
2200

I

(72)

7
( B1)

I

(77 )

I

(102)

2200
2400

I

(77)

I

(247)

t28
(75 )

I

(177)

4
(74)

I

(L07)

3
(ee)

I

(87)

tn
Tota I s*

4 .(2)

216 (216)

2Q)

il)

6 (6)

2 (2)

3 (3)

2
(60)

Unit 4t- eo
(77) (75)

b I ueback herr i ng

si lver hake

northern searobi n

cunner

Atlanlic si lverside

winter flounder

ra ínbow smelt

*Number of dead fish shown in parenthesis

tMean total length in mm.

I

(67)

I il)

Þ
\n
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Total numbers and mean total lengths (nrn) of finfish taken in uníts 3 and 4 sluicewaysduring a continuous 24-hr investigation, January 28 - zg, 1975.

Janua 28 (1600 EST) - Janua 29 u600 EsT)

t"-..;J tJ""J ffi ne'8 [e*a' ßi¡*l l;J LJ Ë;l :'i'r l Ël rr*"1

Tabl e 14.

Spec i es

American eel

Atlantic cod

w i ndowpane

b I ueback herr i ng

T ime
( EST) I 800

I

( 532) t

I

(LLz)

I 800
2000 2200

2
(L02)

I

(Le2)

2200
2400

3
(L32)

0200
0200 0400 0600

06
0800 t000 t200 1400 1600 Totals*

Unif f

I

(142)

2
( 84)

4t
(L04) (e2)

(LLz)

I

(L02) (-)
I

(L22)

I

(L02)

2 U)

B (8)

2 (1t)

4

Atlantic silverside

ra i nbow smelt

grubby

winter flounder

I

(L27 )

I

(L07 )
I

(L02)

5

Þ
Ot
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Table 14. ConÌinued

January 28 (1600 EST) - January 29 (1600 EST)

Spec i es

Atlantic si lverside

threesp i ne stickl eback

b I ueback herr i ng

ra i nbow sme I t

wi nfer f lounder

T ime
( EST)

I 600
I 800

33
(e4)

l3
(48)

I

(L07)

I 800
2000

7
(Be)

B
(53)

2
(84)

I

( 72)

(e7)

2000
2200

3
(e7)

I

( 162)

2200
2400

3
(e4)

2
(57)

I

(77)

2400
0200

2
(100)

0200
0400

2
(L07)

0400
0600

I

(57)

I

(47 )

0600
0800

0800
I 000

I 000
t200

2
(94)

1200
I 400

2
(e7)

I 400
I 600

Unit 4

Tola I s*

56 u4)

24 (2)

3 (3'.)

3 (3)

2t

I

(77 )
I

(172)

I

(82)

I

( e2)

2
(L04)

I

(67)

I

(42)

3

w i ndowpane

striped killifish

fourspine stickleback

xNumber of dead fish shown in parenthesis.

tMean total length in mm.

2

Þ{
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0700
0900

0900
0700 I I 00 I 100 I 900 0 I 00 0300 0500 Tota I sx

Unit 3

Table 15. Total numbers and mean total lengths (mm) of finfish laken in Units 3 and 4 sluiceways
during a continuous 24-hr investigaf ion, March 19 - 20, .975.

March 19 (0500 EST) - March 20 (0500 EST)
Time
( EST)Spec i es

ra i nbow sme I t

northern pipefish

b I ueback herr i ng

5
(e4)+

I

(L52)
6

22
(L52)

I

(L02)

Unit 4

(LLz)
2

Atlantic si lversíde

northern p ipef ish

xNumber of dead fish shown in parenthesis

tMean total lengfh in mm

I

(L07 )
il)

I

(L72)
I

(L57 )
2

Þ
@

rl
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Table 16. Rank of finfish taken during continuous 24-hr investigations
in Units 3 and 4 sluiceways, in November, January and
March, |'974 - 1975.

Speci es Unit 5 Unit 4 Tofa I s

tl

il

il

u

fl

il
f-l
i¡

Ð

il

il

il
n
.Ë

Fç
r- -È

J

l. blueback herring
2. Atlantic silverside
3. threespine stickleback
4. rainbow smelt
5. winter flounder
6. cunner
7. grubby

norfhern pipefish
8. wi ndowpane
9. fourspi ne stickl eback

norfhern searob ín
s i lver hake

10. American eel
At I ant ic cod
bluefish
striped killifish
Tota I s

6
I

I
5

4
2
I

22t
59
24

4
6
6

330

227
67
24
t2
il
6
4
4
3
2
2
2
I

I

I

I

2
2
2
I

2

38 368
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4.5 I chthyop I an klon

After several unavoidable delays, ichthyoplankton sampl ing began on a

bi-weekly basis on March 5, 1975. Five minute oblique (bottom to surface)

tows were made at Ll"u"n stafions in Beverly - Salem Harbor (Figure I ).

Nine of these stations were selected using a 3/4 mile square grid system,

with additional stations located in the plantts intake basin and discharge

area. Paired 60 cm bongo nets w¡th 505 u mesh nets were used to collect

the samples. Fi ltered water volume was determined with two General Oceanics

Model 2030 digital flow meters. One sample was preserved immediately in a

l0Í formalin solution, while fhe other was returned rrliverr to the laboralory

for processing.

Upon return to the laboratory, fish eggs and larvae were removed from

the sample for identification, enumerafion and preservation in a 5fr buffered

formalin soluf ion. Duríng lhe initial phase of the study each sample was

re-sorted. As the study progresses and sorting techniques improve, only a

smal I percentage of the samples, selected randomly, wi I I be re-sorted. When

possible, eggs with questionable identifications are hatched in the

laboratoryr ês larval identif ication is more reliable. Qr"r+ionable larvae

were sent to the Narraganseft, Rhode lsland Laboratory of tne National Marine

Fisheries Service for verif ícation.

Five species of eggs, including: American plaice, HippogLossoides

pLatessoides; At lantic cod, Gadus morhuai haddock, MeLanogrømnus aegLefinus;

wi nter f lounder, PseudopLeuroneetes ænenicanus; and yel lowta i l f lounder,

Límanã.a ferrwginea; were positively identif ied. ln addition, one egg was

keyed out to be eifher red hake, Urophycis ehuss, or fourbeard rockling,

J
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EncheLyopus eir¡tbrí¿¿s and several eggs could only be identif ied to the family

Gadídae. Twelve different species of larvae were identif ied, including sand

lance, Attnodytes spP.; longhorn sculpin, MyoæoeephaLus oetodeeemspinosus;

rock gunnel , Pholis gt*tneLLus; seasnaí1, Liparis spp.; wrymouth, Cryptaeætthod,es

maatLatus; American eel, AnguíLLa rostrata; Atlantic herring, CLupea harengus

hæengus; Pollock, PoLlaehius uirens; al ligatorf ish, Aspid,ophonoíd,es monopterygius;

American plaice and Atlantic cod. One group of larvae was identif ied to
fami ly (Gadidae) only. Several eggs and larvae were severely muti lated durîng

capture and are I isled as trun ident if ied f ragments.ff

A detailed lisfÌng of all ichthyoplankton sampling results is presented

in Table 17. Longhorn sculpin, rock gunnel and sand lance were the most

abundant larvae taken. The most abundant eggs were American plaice. Because

only two sampling periods are included, further discussion of long term

trends and distribution is not possible at this time.
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Table 11. Species and numbers of fish eggs and larvae (per 100 cubic meters) taken
during sampl ing in Beverly - Salem Harbor, March, 1975.

Spec i es

Gad i dae
Anrnodytes spp.
longhorn sculpín
rock gunnel
seasna i I

yellowtail flounder
American plaice
Atlantic cod
unidentified

Gad i dae
American pla ice
Antnodytes spp.
longhorn sculpin
rock gunnel
wi nter f lounder
seasna i I

unidentified

American plaice
Arnnodgtes sp.
Atlantic cod
At lantic herring
longhorn sculpin
rock gunnel
wrymoufh
seasnai I

unidentlfied
un idenf i f ied fragments

March 5
Eqqs/100 m5 Larvae/lOO m3

2.4

t7.

7.6

March 6
Eqqs/100 m5 Larvae/100 m3

Sfat i on I

0.9
14.9
t2. t

6.5
0.9

0.9

Station 2

Station 5

March I B

s/loomj Larvae/loo mj

5.8
32.4
I 1.6
t2.4 \

5.8

t.7

4.7
30 6

2

Eqo ..J'ià'

to,1

L*4-"
<t8

il.3
5.0
t.2

3.8
1.2
5.0

2

8.4
2.4

13.2

nr\-ì "' -
o..i(

-7.

.3.1

L'l'n
t, l"

r 4'"t'

jt'-

7
7

.5

.3
56
25

1.2
24.7
8.2
1.2

\n(¡l0.8
2.5



I' i*- I G.",I &¡¿l ffin gm gåil ßm ilJ L-¡ Çil r-: "*':l ffil .rr-1

Table |¡7. Continued

_Spec ies

Gad i dae
Arnmodytes spp.
longhorn sculpin
rock gunnel
yellowfail flounder
American plaice
wi nter f lounder

Gad i dae
Aperican eel
American plaice
Arwnodytes spp.
longhorn sculpin
rock gunnel
seasna i I

wi nler f lounder

knnodytes spp.
longhorn sculpin
rock gunnel
seasna i I

Amerícan plaice
red hake or

fourbeard rockl i ng

March 5
IOO m3 Larvae/ 100 mj

March 6
Eggs/100 m3 Larvae/ 100 mj

Station 4
t,4
1.4

t9. I

6.8
0.7

Staf ion 5

Station 6

March I B

Eggs/100 m3 Larvae/ t00 mls/

- 'l ,l''ìr' -
¿ ,r'; 

(0.8
t3.9
4.9
t.6

7.3
3.3

\.r

,,. l\

2
I

2
I

8,7
Bt.6
27.2

I
6
I

6

7.8
t7 .7
t7 .7

t'

\

")

3.3

23
23

B

B

37
22

6

t2.2

2

3
3
I

,',1t
0

0

\'Þ
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Table 17. Continued

'il¡ [l LJ 1''':'1 r¡Tt .i.J

March I B ''ì

Eqqs/100 mj Larvae/ 100 m3Spec i es

cod - haddock
American plaÍce
hntodytes spp.
longhorn sculpin
rock gunnel
seasna i I

wrymouth
Atlantic cod
Atlantic herring
haddock

cod - haddock
AtlanTic cod
American plaice
Annodgtes spp.
longhorn sculpin
pol lock
rock gunnel
seasna i I

alligator fish
un identif ied fragments

American plaice
Anrnodytes spp.
Atlantic cod
Atlantic herring
longhorn sculpin
pollock
rock gunnel
seasna i I

March 5
Eggs/100 m3 Larvae/ 100 m3

0.9

2t.

0.8
12.9

88.6
0.9

27.5
1.7

March 6
Eggs/100 mi Larvae/ 100 mj

Station 7

Station B

Stat ion 9

I'l ,' 
:

ø['

¡ t{

..\

0.8
3.3 il.9

3.2

9.4

I t.3

0.9

2.2
t28.O
22.8
23.9
t.t

68.0
0.9
0.9

49.1
0.9

22.7
1.9

i' .\

d.or0.0

2.5
1.7

,t;
45. t

10. B

t.2
1.2

68.2
7.0
t.2
t.2

I

B

9
7
8
9

0.
14.
12.
0.

B

- , ..-!'

''1,''
nif

r l.l
,c

t t"u

I n't'q

- t-\'l ù'
o ç'f

..9
-,0

\t
lJl

46

4.7
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Soec i es

American plaice
Arønodgtes spp.
longhorn sculpin
rock gunnel
uni denti f íed f ragments

American plaice
knnodytes spp.
Atlantic cod
longhorn sculpin

'rock gunnel
winter flounder
yellowtail flounder
unidentified

March 5
Esss/ lo0 mJ Larvae/ 100 mj

March 6
Eqqs/lOO m3 larvae/ lO0 mj

Stat ion A

Station B

6.9
0.9

17.3
14.7

0.9

March lB
Eqqs/ l0o m3 Larvae/ l0O m3

2.3

7.6
27.4

s L,,, { k¡dhl üffi ff;nn ' ¡dfúi¡] H.fftl ;;--l L*! Ëtr! lilf, 1:".ì ffi¡ .r 1"1

Table 17. Continued

.,2
L.)

4.6
2.3

4.4
2.2
t.t
2.2

0
n l. r'Y
l'''

(l 'r
^1Lt

| /., 
/ '

r'l'

t5.t
tB.0

- .r\'- 1.'t -
.'ir [-

.L

f t"t r'oa-

.,t'l-i( '

0.9
0.9
0.9

\JI
o\
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5.0 APPENDIX.T

SAMPLING PROCEDURES

.t

I

;

1' :l

¡



CI{LORI N I,TY

58

SAMPLING PROCEDURES

a. f|s, i< 
'^. . . ll'./' "rL"Í 1 lþ a dt,fi rt

t*t-ufio /g'/lr) Determ i ned w ¡ 1¡ 6aa*lns-trumentaf.ionfer. Adjusted for sal inity and temperature according
rsons t-op;-.::'-cí*. ) .

¡t1Þb\ .

F ie ld Co I lection: 300 mllsample of seawater.

Laborator Ana I sis: Modified Knudsen method, from Strickland andrsons (

I
t

SALINITY

F:F

*
¡il¡

nt.f:i$
¡iÈ

íil
:.1ù
.ì&

$

'E
L*

il

, il
¡rÈ

i:?

J

laÞgrgtory 4nalysis: D¡rect reading from an American Optlcal
sa I ¡ n ¡1-y Refractomefer.

t04t9 T.C.

liel d Ana I ys is:
hydrometer, calib

(sluiceway inves*igations) Direct reading from a G.M.rated from 0 - 45 0/00.

HYDROGEN ION

Field Analysis: Hach Chemical Company test kit, Model l7-N.

samples collected f rom May 15 - December l, l97z were analyzed with aHach test kit, Model cA-r0. prior to May i5 a t<ontes min¡lpH meterwas emp I oyed.

Laborafor Ana I SIS:
P me

to Strickland and pa

D I SSOLVED OXYGEN

Field Collection:
su I fate reagent and

Laboratory Ana I ys is: Titration by lfinkler method.

BIOCHEMICAL OXYGE N DEMAND

Field Col lecti on: 300 ml/sample of seawafer,

Laboratory Ana I

5!0 mllsample of seawater fixed with I ml manganousI ml alkaline iodide reagent.

i ncubat i on .
ysis: Titratîon by Winkler method following 7-day
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COPPER
I

!:

Field Collecf ion:

Làboratory Analysis: Uti I iz
Øp. eit.) têTFõì; fhe soft
gí I ls .are digested and ana1:y

Soft shell clam -i6lsample,,approximately 2,, in length.
taken from same ärea as soft shel I clams. Lobster -

te I y 3t' i n ca ra pa'êe I engfh .
\ ,'

i ng a mod i f,'¡ed Str ic k I and and parsons
portions of clams and 6 grams of lobster
zed.

Mud-lpintsample
l,/samp I e, approx ima

t:t

r'l!
:. .t

-t
LJ

N I TRATE

Field Col lection: 300 mllsample of seawater.

Laboratory Analysis: cadmium - copper column reduction of Nltrate toNifrite and u ltraviolet spectrophotometric determination from
Strickland and Parsons (op. eit.).

N ITRITE

Field Col lecfion: 500 mllsample of seawater.

Laborqtory Ana I ys i s: Spectrophotometric method from Stríckland and
Parsons bp.- eit-} .

INORGANIC PHOSPHATES

Field Col lection: 300-ml/sample of seawater.

La borato Ana I S IS: Modif îed colorimetric defermination f rom Strickland
and arsons (op. t.)

BENTH I C

Fiel d Col lection: Be
selected at various d
attachînga l2-ft,lin
lO-ft radius. The fi
subsequent quadrats a
former. Th is procedu
within each circle.
ana I yses.

nthic algae and invertebrates and sampled at sites
epth contours. Quadrats are establ ished by
e to Ìhe site marker and swinging a ciròle'of
rst quadrat is located Z ft fron the maiker, and
re locate d 2 tt andt?Oo corlnf erc I ockw i se f råm the
re is repeated uñtil 5 l/4 'm2-sarples are collecte¿
Samples are stored and frozen ín plastic bags unti I

I
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CHLOROPHYLL

Field Col lection:
nyt
box

ex cloth into a
for transport

surface seawater is firtered through a 316 micron mesh
,on?.9utton nalgene bot'e and storéd in a tigñi_prootto the laboratory.

Samples are stored in a cool dark place notfrom collection. Estimation of extracted algaespectropholometricaI Iy using the SCOR/U|¡ESCO"ickland and parsons (op. eii.l.

Labora Ana I SIS:
exceed ing e ght urs
cel I pigments is made
method outl ined by Str

FINFISH

F ie ld Co I lection: Sets are made at selecfed sites with gear of thefoll ow ¡ng des ign:

120 x 8 ft seine, with I

bag (2 sets);
l/2 ín mesh wings and 3/4 in mesh

30 x 25 ft trawt with I

cod end (2 sets);
l/2 in mesh wings and I in mesh

Finfish col lected-are separated by species, enumerated, and measuredfor total length in millimeters.

49 x 3g ft frawr with 5 in mesh wings and 4 in mesh codend ( I set).

seines are set parallel to shore with the aid of a skíff and drawn to theshore by lines of approxima-rely 75 tt" Trawr cruises ur"-utong a fixedcourse. where obstructions occur, cruise I ines are altered. É¡shingtîme is five minutes with the io-ft trawl an¿ ão minutes with the49-ft traw I .

i

Þì

I CHTHYOPLA NKTON

Laborato Ana I s ts: Eggs and larvae are removed from each samP le,dent i êd, enumerated

Field collection-: oblique (bottom to surface) tow witn õcean lnstrumentsffi¡numuJnõo.;;;;;;,ãe,î;;;;"í'in¡o¡¡rmeshnets.Nets
are towed for a minimum oi 5 minufes ãt à'vesser speed of 2 knots. Thenets are returned, whire the vesser. is.unde;;t,_at approximatery oneft per second. Net depth is determined with aÅ Endeco Type rzl trans-ducer' vessel speed is determined with an--e¡nni€enfende¡:-knotmef-er_.a.ndthe vesselrs tachometer. F¡ ltered water volume is determined with twoGeneral Oceanics Model ZO3O digital f low meterÀ.

'i

I

solution.
and preserved for storage in a 5% buftered formal in
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SLU I CEWAY I NVEST IGATIONS

Field Collection: Fin
sampled in the intake
of l/2 in welded steel
screen, are period ical
hour intervals. Al I o
Water temperatures and
i nterva I .

TEMPERATURE MONITORING

ADENOSINE TRI PHOSPHATE

La bora Ana I srs:
luc er |mç,q iolumin

$J\!.

l4c

Field Collecfion: Af

fish, invertebrates and marine vegetation are
sluiceways fo Units 3 and 4. Traps, construcfed
rod and covered wi th l€ï ¡n mesh ga lvan izedly placed in the respective sluiceways for fwo

rganisms are identified, enumerated ånd measured.
sal inities are recorded during each sampl ing

depths determined by a j0 cm secchi disc (l00,
ative light infensify), unfiltered water isin 500 ml BOD bottles containing a solution of
Dypl icate samples are col lected in I ight and darkfol lowing incubation al I samples are placed in afor transport to the laboratory.

ôTP ¡s assayed enzymafical ly using the luciferîn_
escence system out I i ned by Streh I er ( I 968 )

In situ monitoring is conducted with Endeco 109 continuous recordingthermographs. Thermographs are instal led at prescribed locations anddepths by personnel uti I izing SCUBA. Temperature data is retrieved atapproximately 30-day intervals and del ivered to Environmental DevicesCorporation for reduction and verification.

tie.ld Collectioni following removal of zooplankton wifh an g0 micronmesh neï, water is filtered through a 2.4 GF/Anillipore filter retainedin a swinex 25 f ilter holder loctéd between two 50 ml disposablesyringes. After fi ltration the fi lter pad is removed, quick frozen on
9.y íce, and placed in a rabered grass viar for transpoit to tn"laboratory. All samples remain f iozen until analyzed. Triplilåt" samplesare col I ected at each samp I i ng s íte.

:

!
I

50,
i ncu
rad i
bott
I igh

25,'il2ì and A% rel
baïeï'-2 - 4 hours
oacti ve carbon.
I es. lmmed iatel y
t proof conta i ner

!

1

I

Laborator Ana I s i s: Fol lowi ng f i ltration of phyfoplankton fromseawater samp es, the uptake of fixed radioactive carbon is determinedby the techniques of Strickla nd and Parsons bp. eit.) modif ied to use
I iquid scinti I lation.
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