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The follonring is the ninth quarterly progress report of
resea.rch pertormed by the Division of lrlarine Fisheries operating
under contract ÐMr-2-72 with the \lew Engrand. power company.

rncluied. are data collected from 1 october through

31 December, 7973.

current and thermal surveys were performed. catch/effort
statistics for dominant finfish species sampred rn 1965, and.

since July ]-97I r^¡ere compiled. Sport finfish data and l_obster

tag returns are summarized. Bioassays were initiated for lethal
levels of residual chlorine on selected finfish.

Biological impact of a new 860 Mw generating unit in salem

Harbor is under initial review.
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2.3, Hvdro

surface currents were sì-rrveyed on Novernber 2r during an
ebb tide usi-ng. an Endeco 110 remote reading current meter.
station locations, wind and current directions and verocities
're presented' in Figure 2.7 - current direction was generarly

northea-sterry, and current vel0city increased with falring tlde
and lncreasing wind velocity" vüind direction shifted from
southwesterly to south_southeasterll, ¿rrrrrrn Lhe survey
cu*ent direction at the point of discharge was southerry and
veloci-ty increased as the tide ebbed. circurating water
volume through the plant vsas constarrt during the survey

rdentification of prume characteristics by surface current
Ðattafnc L¡êrê Ài oaa*rì-..^ru4sçv¡¡u'L¡rueL¡ rrì ravor ot two and three dimensional
thermal surveys.
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Figure 2.I . Surface current patterns for
Salem Harbor, Novemtiei Zt, L973.
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2.3Figure 2.t. Continued
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2.2 Temperature

Average surface water temperature for the quarter in sarem
Harbor decreased from 18.5 to g.Loc end was similar for the seme
period in i97Z.

Mean daily water temperatures obtained from continuous
recording thbrmographs through November 13 continue to show

mj-r,imal variation among Stations A, C, and D (figures 2.2 and
2.3) . Temperatures at Statlons A, C, and D ranged from 4.4 to
17.oocr corresponding ranges at station B were 6.5 to 23.4oc.

fLrermal surveys on october 15 and December 13 arong three
transects at four tidal stages indicated return of sarem Harbor
to isothermic conditions (rigures 2.4 2,6) . Circulating
water vorume at the power plant averaged 206,500 and zig,32o gpm

on the respective sampling days.
Effects of the heated effluent, horizontally and vertically,

were similar on both surveys. surface dispersion of the prume
extended to 24oo feet from the mouth of the discharge canar.
Tt¡ese find,ings are 

-similar 
to those reported in euarterly

Reports No. 5 and No. g. Except for the Decegu. 13 mid-ebb
survey when thermar effects exlsted to a depth of 14 feet, heated
water at the discharge was confined to a depth <LO feet, approxi_
mating studies done in the Fatl of ig7T.

\
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Figure 2.2. Locations of water quality -ànd
- f.infish sampling stations in

Salem Harbor.
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2-3 lfind

-variations in wind direction at the power Þlant for the quarter
are presented in Figures 2.7 2.g. Hourly and average wind
velocities are supplied by the New England. power Company. Due

to computer error, data presented in Quarterly Report No. g

(rigures Z.J.g

arrov¡s LSo to the east (cloc]ft/j.se).

Field recording of wind direction and velocity has been
terminated due to unreliability of methods and equipment.
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Fj-gure 2.7. Vflnd occumenee in Salem Harbor, October, 1973.
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Figure 2.4. Locations of temperature
profile transects, Salem
Harbor, Ootober L5 and.
December 13, 1973.
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L..,J 3;í;iä g¡tr h*tl ffil H¿å!

Ittean surface water temperatures recorded at stations
A - D in Salem Harbor, October December, 1<> 13.

ffil 3ry1 r- I ;'-:l r---l a-L, -.
f"

Figure 2.3.
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vertical isotherms (oc) in SalemHarbor, October 15, 19?3.
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Figure 2.6. Vertical isotherms (oc) in Salem
Harbor, Decembèr 13, 19?3.
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Figure 2.8. Wind oceurrence in Salem Harbor, November t973.
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Figure 2.9. Wind occu*ence in Salem Harbor, December, 1973.
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Table 3.1. !{ater qua}ity data for Salem Harbor, October December, 1973.
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3.0 CAL TNVESTT GA TTO};S

3.1 Water tV

surface water quarity exhÍbited the forlowing ranges:
temperature, 1.5 22.OoC; salinity, 26.Z 34.0 O/OO;
pH, 8.0 8.5; carbon dioxide, 5.0 1o.o ppm, dissolved oxygen,
:.3 - l-3.3 ppm,. biochemical oxygen demand, 1.1 6.0 ppm;

nitrite-N, 0.0 2.2 pg-atoms/l; nitrate_IrT, 17 .4 _ g5.5 pg_atoms/I;
and phosphate-p, 1,6 54.g pg_atoms/l (fable 3.1 ).

Field tests for carbon dioxide have been terminated- Review
of data collected since 19?1 refrects minimal variance in
co2 recordings (5.0 - 15.0 ppm). carbon dioxide is never a

limiting factor in phyl-opla.nkton production since co2 usecl
during photosynthesis. is repraced by the hydrorys:_s of t.he
l^.i ^--L--.rJrud.!¡runaEes (:iverdrup, _el aI, 1942).

r-;;
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Table 3.1. Continued

TIDAL
SAMPLE TTI"IE STAGE
NUIVIBER (EST) (NOUNS)

WIND CLOIJD
DIR/VEL COVER DEPrH TEMP oC

(MPH) &t ( FEET) AIR üA,TER (O

Station C

SALTNITY co2
oo) pH (ppm) (

30.o
31 .1
31.5
31,O
30 .7
31.s
3J..2
31 .4
31.s
31" .4
3t.7
31, .1
30 .7

30 .0
3r.2
31 .0
3I .2
30 .5
31 .5
31.5
3r.4
31 .5
31 .6
31. s
31.1
31 .1

No2-N No3-N PO¿-P
uq-atom/t

O2 BOD
(ppm)DATE

11
1L
1i
1j

7A/4 O01 21'ro/11 o0124
rc/rs oo1"24
LA/n 0o126

5 0935
5 1Lo5
o 1000
7 1050
1 1430
7 0925
3 l" 153
6 Lol_o
3 1035
3 14t,1
B 1010
6 0930
3 1345

S
S
Þ

S
S
S
S
s
q

S
S
S
S

S
S
S
ò
S
S
e

S
q

S
S
e

0
0

20
oo
6O

c
2A
80
70

17/2
r!/t)
1 r/72
) r/2o
17/26
72/3
72//i 2
72/78
i2/ 2l

7r/ 2
72//3
r2717
r2/7
12/2

0729
01,29
o1 31
013 2
'J133
o 134
01 35
01 36
01 3B

high
hish
l-ow
hrgtr
1ow
high
high
high
1ow
iow
low
high
hiqh

hrgh
hish
1ow
i-righ
Iow
high
low
high
low
low
higrh
hiqh
hiqh

+5
+1
+3
+2
+41
+2

+3
+5
+3\
+4
-v3\
+1

+4\
+1
+5
+2
+41
1'r4
+5\
-+-/

+4,
14Lz
+21
+3Lz
+1

sw/rc
0

sw/25
sE/s
sw/ß
w/20

o
NI^I/5

o
svl o
Nvl s

w/75
NE/10

w/5
O

sw/20
sE/s
s:w/75
w/25

CI

NW/5
o

sw/5
Nw/20
w/r5

rJE/IO

1CIo
20

o
30
30
40
90
20

o
90
10
10

100

r7 .4
17 .6
27 .9
38.0
31.O
31 .O
28.O
32.7
37 .2
43.6
42.7
38.2
39.2

7.6
11 .3
4.7
9.4
9.7

21,,3
75,2
lt .9
10.1
14 "8
22.L
1.9.4
18.2

5.9
1.6
3.7

11 .0
72.2
20.6
t4 .2
13 .6
10 .8
72.9
17.0
19.4
18.9

1
l_

1

1
12

t-

i_

2

2L.
l_o.
15.
),4 .
l-3.

Stati-on D
19.
10.
18.
14.
74.

7
2
2
0
o
B
B
7
9
6
6
4
5

o
o
0
5
o
o
5
5
0
o
5
o
o

15
11

1.
6.
4.
3.
4.

,-1

-7.
5.

o
5
0
0
0
o
5
5
5
o
0
5
0

o
o
o
5
0
o
5
0
5
5
0
5
0

o
0
0
0
5
o
0
o
0
5
5
o
0

8.5 10.O
8.5 10 .0
8.5 10.0
8.5 10.0
8.5 10.o
8.5 10 .0
8.5 10 .0
8.5 5.O
8.5 5,0

8.5 10.0
8.5 10.0

B.
B.
B.
9.
B.
B.
9.
g.

10.
g.
o

12.
10.

B -2.9
9 2.7
5 3.2
3 2.2
3
6
I
9 2.7
2 3.5
6 2.2
o 1.6
7 4.8
2 3.6

o
o
o
0
o
o
1

l-
0
0
1

o
0

'l

4
o
B

7
6
3
5
4
6
6
9
I
9

o.3
o.2
rl.1
o.9
o.1
o.7
1.5
o.5
1.3
0.5
7.4
i-.0
o.4

2.2
3.4
2.3
1, .4

.2

.2

.5

.6

.1

.7

.2

.1

.9

.B

.1
o

.5

2.
4.
2.
3.
5.

-1 .
-6.

5"

8.5 5 .0
8.0 10.o

8.5 i_O.O 9.2
8.5 10.O B.B
8.5 5 .0 8.9
8.5 10.O 9.5
8,5 1_0 .o
8.5 10 .O 8.6
8.5 10.o 9.6
8,5 5.O 9.8

10 /4
io/77
ra/ Ls
70/23

001 214
ao7244
00 1 250
001 266
oaL292
o01 298
001 314
oaI327
o01334
001 344
001356
001367
ooL 384

0900
1050
1l 35
104 5
1425
oB50
114 5
091 5
10 25
14 33
oB34
094 5
1 355

100
20
10
30
40
20
90
40

0
90
10
10

100

72.
10.
10.

B.
6.
6.
7.
6.
6.
/1

5,

2.8
2.O
2.O
2.7

30.
30.
28.
39.
29.
31.
31 .
29.
35.
39.
47.
37.
31 .

8.5 10.0 9.8
8.5 5.0 9.7
B. 5 10 .o 9.0
8.5 10.0 5.3
8.5 5.0 10.0

(^

Ct

3.4
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Table 3.1. Continued

SAMPLE TIME å'iiåË
DÀTE }TU},"BER (EST)

I^ITND CLOUD
DIR/VEL COVER DEPTTI TEMP OC

(HOURS) (}lPH) &) (FEET) AIR
CA2 A2 BOD

pH (ppm) (p¡¡m) (onm)}A,TER
SALII,iITY

rc/oo)
NO2-N N

uo-
og-N PO4-P
atom,/L

L0/4,
ro/Lr
io/15
ro/ 23
Lr/2
r1/1
L7/12
ri /20
7i,/26
1') /-).

72/r2
\z/rB
!2/ zt

407227
oot246
001 260
001 268
o0 1 293
001 299
001- 315
0c1 329
001 335
001 34 5
001360
001368
00 1 382

oo722B
ooL247
001 261
001 269
ooL294
o0 1 300
00131 6
0ü1 330
oo1 336
001346
ooL 359
001 369
001 381

w/5
o

w/5
sE/5
sw/L5
w/$

o
o
o

sw/Lo
r'w/zo

vr/2a
NE/1O

Station E
L9.
13.
L7.
L4.
13.
3.
5.
3.
3.
5.
3.

-3.
5.

Station F
iB.5
13.O
.[ g.o
15.5
15.O
4'5
5.O
4.5
5.O
4.5
4.O

.-6.5
5.5

I216
1t_L5
134 5
105 5
1445
0920
1201_
r325
104 5
14 50
7240
o927
1 335

Iow
hish
hish
high
low
hiqh
high
low
1ow
l-ow
high
high
high

low
high
hish
hrgh
low
hrgh
hiqh
low
low
low
hiqh
high
hiqh

+2
+1
+1
+2
+5
+I\

+5
44
+li
-r3\
+1

+2
+I\
+L
+2!z
+5
1-2

{-5
+4

1'31

o
40

0
30
40

o
90

o
o

BO
o

10
loo

S
S

s
S
S
Þ
S
S
S
S
S
s
S

S
S
S
c

S
S
S
S
S
S

S
e
(:

30
40

0
30
20

O

90
o
0

BO
o

10
100

o L7.5
0 I2.O
5 13.5
0 10.0
0 10.5
o 6.0
5 6.5
5 6.5
5 7.O
5 5.5
5 6.0
0 7.o
5 5.5

16.O
13 .0
13.5
10 .5
10.5
8.0
7.5
7.5
B.O
s.5
6.5
4.5
6.5

28.O
31 .1
30.5
30 .8
30.4
28.J,
37.2
30 .7
30 .8
31.4
26.2
29.O
3r.7

30.1
31 .O
31 .5
31 .0
30.4
31 .B
37.2
31 .4
31 .5
31 .4
31 .5
30 .8
30 .5

B
B
I
B
B
B
I
B
B
B
I
B
B

B
B
I
B
B
B
B
B
B

B
c)
O

O

B

1
1

1
l_

1

1

5
5
5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5
5
5
5
5

0
0
5
o
0
5
o
o
5
5
o

.0 7 ."7 3.9

.0 8.5 " 2.4

.o 9.0 2.3

.o a.4

.o 9.6

.0 g.g 3.5

.o 9.6 3.3
,o 10 .5 2.9
.o L0.6 4.4
.o 10.5 2.5
.o l_o.3 3 -4

.o g.g 4.9

,o l_o.o

0.
0.
0.
0.
0.
l_.
l-.
0.
7.
1.
2.
1..
0.

o
o
0
o
o
1
1

o
0
0
1

1

0

7
6
1
7

5
1

4
9
5
0

4 34.L
3 39.7
6 62.5
B 44.5
1 28,O
2 66.4
2 30.5
4 38.7
L 26.4
5 32.7
o 85.5
2 53.6
4 41.O

30.2
7.4

2t.B
1L.3
l_5.0
54 .8
16"1
29.7
16.1
9.7

95.9
27 "716.6

10 .5
1.6
8.1
9.0

15.O
20.6
L4.2
16.1
9.4

11.6
22.9
21,.3
15.1

1

1
1

o
o

5
0
0
o
o
0
o
o
5
5
0
0
5

iù /4
io /rr
tC'./I5
10i23
i'i/2
11i7
ili12
:Lii20
t 1/26
'i 1 /')

r 2ii2
1?_/LB
!2/21

o
o

w/Lo
sE/s
sw/rc
w/Lo

0
0
o

sw/5
Nw/ro
w/Ls

ttÊ/5

r230
11 20
t4 00
I 105
L4 50
1 000
1 210
134 s
1055
1457
72LO
0920
7250

o
o
0
0
o
o
o
o
o
0
o
0
0

2
3
2
4
5
3

.9

.4

.9

.B

.2

.3

.9

.7

.2

.4

.4

.3

.8

B
I
I
B
6
I
9
o
o
0
9
3
9

3
1
3
1

.2

.4

.4

.9

.o

.2

.7

.6

.6

.7

.3

.1

.6

32.L
55.8
34 .J,
47 .2
28.5
37 .B
32.8
35.1
3r.2
34.O
36.0
47.8
34 .8

1
1

1
L
1

1
1 1

a
L

1

1.

1
1

(^)

È
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TabIe 3.1. Continued

TIDAL WIND
sA.r"fPLE TrME STAGE DrR/vEL

ER

CLOUD
COVER DEPTTÍ

FEET)

Station 5
Lo
80
60

100

Statron 11
10
óo

0
U

0
10

100
0

100
100

BO
o

Station 72
20

0
10

o
60

100

SALI}¡f :]Y
rc iao)

32.5
34.O
31_,O
31.O

34 .0
31,5
31 .5
31.5
33.0
33.O
32.5
32.O
31.O
31 .5
30.5
30.0

5.0
5,0
5.0
5.O

5 5.0
5 5.O
5 10.0
5 10.0
5 s.0
5 5.O
5 10.0
5 5.0
5 10.O
5 5.O
5 10.o
5 10.o

TEMP
AIR

8.0
7.5

11.5
-2.O

19.5
72.O
1L .0
9.5
5.5
4.5
3.5
2.5
8.5
4.5

-9.o
-6.5

oc
WATER

12.5
13.5
10 .0
10 .0

"7 .O
7.5
8.0
6.0
7.5
6.O
4.5
2-5

CO.r
.L
( ppm)

BOD
(ppm)

4.3

(¡)

PFI

70/e
rr/5
L2/6
t2/20

ra/e
ro/rc
1o/ zt
1 O/24
:t/7
!7/g
rT//19
J ri2t
i2r/ -r.O

t 2,/ Ii
i ¿/18
1 2/ie

ooI229
00i.2BB
001" 338
oo1 37 3

001233
ooL 234
ooI262
ooI27 L
001 304
001 3c6
oaI322
o01321
001349
001352
u01 363
]ot372

00i 237
ooi274
001309
o01323
001 350
001378

0900
oB4 5
oBo0
oB30
0840
o 905
07 55
o905
0900
0930
09i o
i.()15

0815
i.oo0
l_o15
1_000

û820
1145
0850
I 60C
I205
1 235

hiqh
low
1ov¡
low
high
1ow
hÍgh
Ïrigh
1ow
low
hrgh
h:. gh

1c¡w
irigh
trigh
low
hish
low

0
!:E/5

o
0

sw/5
svt/5

o
o
o
0

sE/70

0
sw/s
w/5
11/5

o
NE/s
w/s

o

NEr/5

8.5
8.5
8.5
8.5

+3\
+3
+21

high
hiqh
hish
high

S
S
S
S
S
S

I
B
B
B

B
B
I
B
B
B
B
I

72.O
8.5
7.5
5.5

S
S
c
ò

S
J

S
c

c

S
S
q

ù

'9
B
9

10

B
I
I
7
B
B
9
o
7
B
2
0

1

l_

3
1
1

B
B

+5
+5\
+5
+

+4
+4
+3
+3

2
1

3
2
+
1

4
2
2
1

3
2

2.

2
2
2

7.5
72.5
5.o
3.5
6.5
5.0

3
6
1
7
5
B
4
2
7
5
3
6

1
7
6
77-

4
,a

\

+5
+1
-r1 o

1

1
1

B

7

1

1

10/11
to/ 24
1-"¡/I
1r/ re
r?.ira
]2/27

+4\¿
+2

72.o
11.O
8.0
7.O
6.5
5.5

32.O
31 .s
34 .0
31 .O
30.5
31 .0

8.5
8.5
8.5
8.5
8.5
8.5

1o .o
10.o
5.0

10.o
10.0

5.O

8.4
9.7
8.7

10.0
9.1

10.3

+4 I

+2\
+5\

4

3
o
5

u¡
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Table 3.1. Continued

SAMPLE
NUTUBER

TIT\,I,8
TIDAL
STAGE

WTND
DIR/VEL

CLOIID
COVER DEPTH TEMP OC SAI,INITY coz o2 BOÞ

ro/e
10/rc
1.o/ 23
1A/24
Lr/7
7r/e
ir/ Le
i7/ 2r
72/1"o
i2/11,
72/rB
'r 2/ 1e

TE

1.a/ 71
lrJ/ 24
ii/B
!1 /le
L2/lo
12/ 27

ia/,)
1O/70
10/23
I'J/ 24
':1/7
1 1/79
rr/ 27
12/77
i2/78
72/Ie

001 231
o01 235
ooi 263
oo727 3
o01 303
001 308
00 i 318
o01320
o01348
oo 1 353
0o1361
ooL371

0oi 238
oûi27 5
00.r.310
aoi324
00_i351
OOr 377

oo1232
ool 236
oo7264
oor27 2
001305
001317
001 31 9
001" 3 54
001362
001 370

1 055
0940
o950
0840
0940
1030
I 000
1"O20
10 20
104 5
i 015
0920

EST

0855
1 020
0925
1520
1i 30
1 310

I 000
o910
0900
o8l 5
0905
o900
0950
101 5
0940
0900

hish
hiqh
high
low
high
high
hish
hrgh
hiqh
1ow
hiqh
irigh

o
Nw/5

NT,T/5
w/J.o

Nw/5

N/5
0

sw/rc
o

w/1,O
NE/5

30 .5
30 .5
30.5
31 .5
33.O
33.0
3 2.0
3L .5
30 .5
31.O
30 .0
30.o

30 .5
32.O
33.O
32.0
30.o
30 .5

32.O
31 .5
31.5
31 .O
32.O
31.5
31 ,5
30 .5
30.o
31 .5

5
5
5
5
5
5
5
5
5
5
5
5

10.
5.

L0.
10.
5.
5.

10.
5.
5.
5.
5.

5 L0.o
5 10.O
5 5.0
5 10.o
5 10¿0
5 5.O

10.o
5.O

10.o
10.o
5.o
5.0
5.0
5.0
5.O

+2

+1
+3\
*71
+i
+3\
+2

+5
+4
+2Lz

10
L00
40

o
0

20
20
10

100
1.00

80
0

o
0
o

sw/5
0
0
o

FEET AIR

Station L3
L5.

Station 74

S
S
S
S
S
S
S

S
S
q

S
q

1
I

1

1

1

2
2
3
4
4
4
B

o
5
0
0
o
5
5
0
5

TER

13.
1"3.
10.
10.
7.
B.
7.
7.
7.

13.5
1_2.5

B.O
7.5
6.5
5.5

13.
T4,
10.
10.

o oo

B
I
I
B
B
B
I
B
B
I
B
I

5
5
0
O

o
o
5
o
o

o
5

B.
8.
B.
B.
B.
B.

B
B
I
B
B

I
B
B
B
B

o
0
o
0
0
o
0
0
0
o
o
o10.

B
I
9
9
B
9
9
I
9
I
o
o

7
6
1

0
9
2
L

7
1
6
2
7

2
2
3
2

1

2
2
.,

2
1

?c.

-11 .5
3
1

1

1

low +5
high +1
high +
1ow -t3
high +
hiqh +

hrqh +1 I

,
1..
"2

1
4

60
o

20
0

40
100

10
100

30
o
0

100
20

100
90

0

S
ò
S
S
S
q

9.5
15.O
5.0
5.0
7,O
5.5

't.
7,

?

0.

5
5
o
5
o
5
o

0
5

13.
11.
4.
A

4.

8.7
9.8 r

8.5
Lo.4
9.4
9.9

2
2

3
1
2

2
2
4
1

L
2
4
3
1

S1¡.ation 15

hi gh
hiqh
l-ow
high
hrgh
high

o
o
0
o

w/ß
o
o
o

+5
+i
+21
)"1,1

S
S
e
q

c

S

S
q

b

1,6.
13.

-9

5
5
5
5
5
5
5
5
5
o

o
o
o
o
0
0
0

o
0

7.8
9.O
9.1
9rO
9.2
8.9

10.L
9.3

1L .1
70.7

low +4
high +3
trlgh +2

4
\ 30

-1 0
w/
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3.2 Hea\nr Metals

copper concentrations ranged from 2.6 6.6 ppm in soft
shell crams, Mva arenaria,. 16.6 - 93.3 ppm in northern lobsters;
0'001 - 0'006 ppm in water; and 7.4 - 

'9.g 
ppm i-n sediment

(table 3 -2 ) - , scheduling difficurties prevented collection of
samples during October.

¡

'a

¡r{
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J

!.l
I
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¡
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I
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BOD
(ppm)

2.6
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Table 3 "1. Continued

SAMPLE
NUMBER

TIME
(EST)

TÏDAL
STAGE

(HOURS)

I{IND
DTR/VEL

(MPH)

CLOUD
COVER

(%)
DEPTH
(FEBT)DATE

7a/e
Lr/s
r2/6
i2/20

TEI"fP OC

AIR I^¡ATER
SALIl,.:. TY

(û/oo) PH
CO. O.

(ppál (poríl

Station 16
00 1 230
oat2B7
o0l_ 337
oo7374

1030
114 5
1315
7245

high +2
high +5
low
1ow

0
w/ro
w/Lo

o

13 .5
4.5

11 .5
2.O

14.o
10.5

9.O
4.5

32.5
34.O
30.0
30.o

10
90
50

100

S
S
S
S

5
5
5
5

5
5
5
5

o
o
o
o

8.
8.
B.
8.

8.9
8.3
8.9

10 .3
2
6

3
0

(,
\t
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Table 3.2. Copper ccncentrations (ppm) in soft shell clams, Myaarçnqria, lobster-s, Homarus americanus, r,üater, andmud from salem Harbor, ¡¡ovemuffi-_ ianuary rgii:
Soft shell

r
j
t]

3

'1

ü

fi

fr

FI
E¡

i:!
i'ä
-
,'i
¡:J

Da

t7/z

rL/26

Lt/ 27

12/6

72/70

7/2

t/4

Iti
A
B
c
1

3

3
3
4
5
4

5
4
5

1

4
2

6
5

4.4
5.9

4.9

3.3

4
6

.6

25.9
28.6
29.5

16 .6
93.3

28.2
60 .3
24.t

ter
0.o03
0.002
0.004
0 .003
0 .001

0 .005
004
005
004
004

0 .004
0.006
o.006

0,003
0 .004

16.6
7.4

19 .8
11

r

:8.5
7.4

9
9
4
2
I

3
I
5

L
1

A
B
c

A
B

t1
13

11
13

0
0
0
0

B

B

A
B

i
I
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4.0 BIOLO CAL T TÏGATÎ

4.1 Primarv production

chlorophyll a concentrations and. !4c assimiration rates
fluctuated at stations A through D. Except for station c,
chlorophyll a'Ievels varied correspondingly with 14c uptake
{rigure 4.1 ) . chrorophylr a peaked on November zo to revels pre_
viously obtained on october 4. L4C also peaked on that d.ate,
but at lower leve1s than October 4.

chlorophytl a concentrations were simifar at Stations A, c and
D during respecLive sampling periods. Except on December rz,
chlorophyll a at station B was row in comparison with other
stations (Table 4.1).

Ranges for chrorophylr a and other accessory pigments for
the quarter were:

íl
,t
L¡

$
ô.!:-}
:_I

i¡
efl

:l
j-f,

'.t

tt
$'Í

;-:¡

Chlorophylt a
b
õ

Carotenoids

1.58 - L3.B5 mg/m3
0.05 4 .67 mo./m3
0.89 - 14.67 nq'/n1
0 .4 3 5 .94 mg/m3

*

1

;

1

i

t. .;

1

Minimal chlorophyll and carotenoid values were recorded at
Station B (discharge) on ¡¡ovenùler 6.

Primary production samples (14c uptaXe) were_ incubated 1n

situ at depths corresponding r-o relative light irrtensities of
Loo% (surface), 5a%, 25%, r-o?2" and lotL, whe* possrbre. The depths
to which the various light intensitres penelrated was determined
with a submarine photometer (,:table 4..2) .

units indicatirrg rates of production eiffer from the tast
report and are nor,'¡ exp.tessed as pro14C/j-/hr ,-,ot, n,g14 C/I/hr.

Average 14c values for the quarter were hlghest when

I



Figure 4.i.
4.2

clrlorophylr a (mglm3¡ and 14c assimir¿irion (pgr|c/t/\r)taken at the suriace for stations A - D in salemHarbor, October - December, l9T3-
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Table 4 .1. Chlorophyll counts (mgrlm3) :.n SalemHarbor, October - Decèmber, 1,973.

Date Stati Chlorophvl 1a ro 11 b Chloro 11 c Carotenoids

.12

.82

5
4
5
5

A
ìJ
(.

D

A
tf!

c
D

A
B

D

A
B

D

A
B
c
D

lr
,.¡

t!
l.?
J

FIil
#

,ft
H

F¡.a
,.,.fú

:'i

Lo/4

1.O/15

LL/6

17/20

t2/r2

L2.38
10 .37
13.66
1,3.36

11.13
9.19

11 .04
11.00

4.24
1 .58
3.88
3 .04

13.85
8.15

r¿.ot1
12.52

.35_

.38

14 .67
l_4 .09

2 -93
'> )-

.94

.04
A)

.67

2.14
0.89
3.09
1 .60

7 .14
6.68
7.15
6.58

¿- A1
? 

^2
2.68
2.7 2

5.94
3 .98
3.65
5.2'7

5.39
2.20
5 .65
5.Bl-

7.52
0.43
7.27
1.36

5.i4
'> a'>

4 .98
4.78

1.36
1.s3
1 .61
1.43

7.72
r.74
o.25
4 .67

0.66
0 .96
1.04
1.43

0.37
0.05
o.92
0.11

0 .53
r .27
i.41
1.19

4
5
6
6

0
o
f)

0

67
t3
4B
B6

i

,.j
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Table 4 .2. frlm_arV production (lac) in salem Harboroctober - DecembêF, !g73.--' 
ve¿v¡r! ¡¡qtrL)\)L,

Depth Light
intensityDa

to/4

1o/75

ati

B

D

B

c

Temp
oceet

s
4

1.1 .5
13 .5

A

cu
5

11
15

s
5

11
16
19

ò
4
I

13

S
3
7

1)

Ð
2tr

I
t4

S
4
9

16

L5.5
15.5
i.4 .5
L4.o

22.O
16.5
14 .5
14 .5

17.0
16.5
16.0
15 .0
14 .5

15 .5
r.5.5
14 .5
14 .0
i3.5

13.5
13.5
13 .0
r.3.0

100
50
25
16

100
50
25
10

100
50
25
L0

2

tt2
79
97
35

23
L0
23
43

4T
33
3s
13

0

c

A

Ð

Ð

il

ffi

ri!(i.I
t,t
¡l

81
t{
t..*

:l

s
3
t.>

13

100
50
25
10

1

100
50
25
i.0

106
t23

91
26

6
27

2B
54
15
13

1
1

1
1

9.0
9.0
4.5
3.0

100
50
?5
10

!4

33
o

0
25
tt

3

-]
'iÍ¡

?"t
r+

i

_:

Ð

13.0
13.0
13.0
13 -0

i.3 .0
1"3.0
11Ê
i2.5

100
50
25
-1 n

iCIO
50
25
.: {)

26
26
24
i1
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Tab1e 4.2. Contlnued

Depth Liqht,
i-.ntensityDate

Lt/6

Lr/20

ti
e

3rk
5

15

s
9

20
29
39

S
5

13
24
33*

ò
4

i.1
15.5

S
4

t2
20

S
10
16
2T

S
9

15
22

Temp
og

l_5.0
8.5
8.0
9.0
8.0

8,0
8.0
8.0
8.0

8.0
8.0
8.0
8.0
8.0

6.5
6.5
6.5
6.5

6.0
6.0
6.0
6.0

fe

5
4
5
5

4
0
4
4
0

5
5
B
0

4
2

4
0

1

0
0
0
5

I
o
I
7

ù
5

10
20*

A

B

100
50
¿5
18

r.o0
50
25
10

4

100
50
25
Lo

100
50
25
10

À+

100
50
25
i8

100
50
25
L0

l_00
50
25
:o

1 naì

50
?\
10

Ð

A

D

55
1niT

46

14 .5
12.0

1Ê.

7.o

b

0
0
5
5

22
L6

6
3

c 7
7
6
6

1i
77

72

50
48

4
2

I
t

t;¡

I
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Table 4.2. Continued

Dept h
Light

intensity
(%)Date Temp

ogStation (feet

2e
5
2

7
0

1B
0
0

s
7.5

1_3

A

B

.r-'l

,l

I
il

I
0
0
0
0
0

5
5
5
5
5

uoC/I /hr
L2/12

6
6
6
6
6

6
6
6
6
6

D

g

$

,ä

ffi

qI
iå

F¡.f
,l
LA

c

S
9.5

L3
L9
34

s
7

11
L5
24

S
6

L0
L7
29

6.0
6.0
6.0

L2.O
6.5
6.5
6.5
6.5

100
50
25

100
50
25
10

1

100
50
25
10

2

100
50
25
L0

2

22
!9

o
0
t5

2
o
0
0
o

*Ðark bottle lost; count of nearest depth dark bottle used.

i,i
¿J

"T
.l

-t
tJ

-"1
;l
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relative light intensiti-es were 50 .and 1.oo% (24 and 27 Fg' c/r/hr,
respecti-very) ' Tn general, primary productivity was minimal
when relative light intensity was less than 25%. Ranges and
means for 14c assimiration for all stations are presented
in Table 4 .3.

stations A and D had simirar productivity values at equal
light intensities (Figure 4.2) . values for statlon c were
less than A and Ð. producti-ån at station B did not correspond
to the other stations- As light intensity at stati_ons A, c and
D decreased bel0r¿ 50%, production also decreased. conversely,
at station B primary production was reduced in the warm water
wedge of the plant discharge

Data colrected to date indicates that pri_mary productivity
in salem Harbor is highly variable, The high variablrity
could be due to the interaction of many factors such as temperature,
avaiiabiiity of nutrlents, totar light intensity, cl0ud cover,
time of day, tidar stage' wave actlon, fresh water runoff and
predation.

ATp sampling was expanded to include contror statlons 1i
and 12 (Figure 4.3). A?p values ranged from O _ 740 m.¡:gA Tp/L
(rable 4 '4) . ATp levers at the control stationã shor,sed. minimal
variation from stations r- and 4 through J.0 (Figure 4 .4) . water
from station 2 (unit ¿ cond.enser) was available only on December 12
due to shutdorn¡n of unit 4. ATp revels decreased f rom station 1(intake) to station 3 (mid canal) on all sampling days.

since previous sampling indicated 1o0rá phytoprankton mortalit,,
at station 2, an attempt was made on December 19 through 27 to
isolate the cause (thermal or mechanical). ATf, samples vùere
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Table 4 .3. Megn primary production "-levels (t gI4c/t/¡r)
Salem Harbor, October - DecembêF, 1973

an

.Stati onRelativ'e
light

intensity
A B D A-D

n

il

T

iI

*

ï

n
,:.,s
¡¿.t

*
i&

,ç
ið

þ

,çt

c
i?
J
É?

'ìJ

* * an Ran an Mean R Mean

27

28

2A

1CI0

.E/-J

10

<3

5-112

4-7 9

ao?

4 -23

o-1 6

4 -33

o-4 3

0-4 1

5-3 3

0-3 5

0-l_ 3

2-L06

0-1 23

0 -91

0-26

0*6

o-lL2

0*1 23

o-97

0-4 3

0-8

43

39

27

13

)4

9

17

10

0

t7

20

13

6

4

3B

40

25

9

2

B

2

* pgL+c/L/hr

Figure 4.2. Y?êlr primary production tevels (Ug14 c/I/hr)Ught intenslties (%) in Salem flaibor', .'October December, J,973.
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FigurF 4,3.
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Location of ATp (Adenosine
triphosphate) sampling
stations in Sa1em Harbor.
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Table 4.4. Adenosj-ne triptrosphate (mi¡gAtp,/l)
Salem Harbor, Cctober - Decend¡er,

levels in
L973.

Stati on Oct 4 Oct L5 Nov 6 Nov 20 Dec 72

:t
,l

'1

ï

J

t
FI

,T

n
T

nÊ

il

il

þ

þ

!!ç
ïú

,.i
. --f:

i.
2
3
4
5
6
7
I
9

10
1L
12

' 610
*

340
740
410
400
390
330
570
600

550
*

360
380
650
720
470
250
l_o0
300

400
*

200
l_ 10
500
330
44A
270
250
310
250
240

880
*

280
640
530
600
400
490
380
380
310
540

360
0

t20
220
2ro
290
23A
150
270
2tì0
210
2ro

*Unit 4 shut down

l

!
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Figure 4.4. Adenosi-ne- triphosphate (efp) in phytoplankron,
Salem Harbor, October - Decem¡erl iSZã.-
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4.r2.

taEen from stations 1 and 2 as generation vúas stepped up
from o Mt{ to 30o Mw. aT,s were: 3.ooe, 5.5oc, 1o.0oc and
14-5oc. ct¡lorine was not in use. ÀTp revels for arl samples
taken from the condenser were 0, suggesting tåat phytoplankton
mortality is . mechanically j.nduced.
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- A total 0f 7,931 finfish were sampred by all methods,
excluding sluiceway investigations (fables 4.5 and 4.6). !{inter
flounder, pseud,opleuronectes americanuF_r wês most abundant,
comprising 48% of the catch inside the harbor and 75% of the catch
outside the .harbor.

Atlantic silverside, Menid.ia menldia, were Çominant at the
shore stations (Tables 4.7 and 4.g) . Silverside end fourspine
stickleback, Apeltes quadracus, were most abundant at the 30_ft
trawl stations (rable 4 'g'). winter f l0under were domi¡:ant at
the 4g-ft trawl station (rable 4.r-o) - Atlantrc cod., Gadus
morhua, hrere taken onry with the 4g-ft trawr and the girr nets
(raule 4.11) . sampling wi.th the 3o-ft midwater trawl was
terminated in mid-october due to gear inefficiency

Finfish abund.ance decrined from october through December
at the shore stations. At the off-shore statlons finf:.sh
abundance increased from October to November, but decreased
sharply in December.

Figure 4'5 displays length frequency histograms for the
four most abundant finfish species sampred, winter froi.rnder,
Atlantic silverside, fourspine stickrebaek, ..raitt.ntic cod.

species diversification for the quarter hras r_east for the
50-ft seine, and, about equal for other methods employed (table 4.IZ) .

Tabre 4'L3 compares species occurrence ln Êeverry - sarem
Harbor for 1965 ("rerome et ar,, \967) , and 7g?r rg73. Figures
4 '6 through 4.9 compare species diversification for each type
of gear and all gear combrned for 1.965, âñd. igTI j.973

t
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Table 4.5. Rank of finfish coFfarbor, October
llected in Salem
December , !973.

lle thod of Cap ture
lvlid_ **

5O-ft I 20,ft 30-ft waies
winter flounderr'
Atlantic silversÍde-
'ourspine stickleback,.
Atl-anLic cod '.-
nrummichog -'
threespine sticklebackpollock -
striped killiflsh.
skate*.-.'
Atlanti_c tomcod
rainbow smelt
blueback herring
oceen pout
yellowtail flounder
goosefish ,"

Atlantic menhaden ,.:
ninespine stickleback,
windowpane,.
grubby *- -

nortåern pipefish
Atlantic herring
Urophvcis sp.
white hake
cunner
Atlantlc mackerelr
butterfish .

American sand lance'
longhorn sculpin

Totals

ne Tr I awl
ter 4g-fr cill

aw liet To

2,948

S ne

742
7

161

413
1,587

48

1B
432
285

4 726

37
i"3

1

1s
L,
2,
)
J.
A

5.
6.
'7n

B.
o

10.
11

!2.
13.
74.

37

J.2 69

3
6

34

2

13 3,392
2,762

341
1i1 280

198
130

172 712
B1
66

445
20 39

35
22
15

3 15
14 L4

1t:+
I2
11
I

55
3)')
2

)1

7Z
L

-t-L

1
1

1a

169

6¿;

22
i5
T2

1l_

L5.
1-10.
r7.
1a
1_9.
20.

27.

22.

5
.i-

9

7

2

3

1
2

a
I

32'ú 2, Zi.O 939 ? 3,24 5 2BB ?,011
j
¡ *Not separated by species.

**Sampli_ng terminated, in October, i973.
r.i

,.1
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îable 4 .6. Rank of finfish corrected outside sarem Harbor withthe 49-ft trawl, October _ December, igZ¡.

1
2
3
4
5
6
7
I
9

.]

3

ï

I
I.l

t
tt

.T

flt:1J
àl

ir
tT

TlI

I
:ç

Les To 1s

. r.¡inter flounder

. Atlantlc cod

. windou4>ane

. yellowtail flounder

. skate*

. rainbow smelt

. sea raven

. blueback herring

. gloosef ish
longhorn sculpin

Total

*Not separated by speeies.

685
80
59
52
33

4
3
2
1
1

920

¡

.*
-i

-t

!

.1

t

iJ
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Tab 1e 4 .7. DominanÈ finflsh species corleeted in saJ.with rhe so_fr 
""iüã, 

-oãtãù"r _ December,

. mummichog
(Fundu1us heterãclitus)

em Harbor
1973.

At,lantic
(l{enidia

TotaL

si lve
meni_

ide
a)

rs
di

Set
Date No

TotaL
Size

Range IÍean Size
RangeColle cted

Lt2
I

I
5

13
t

s tion 1i.
20-49 3525-44 34

40-54
42
48
42

rs-ffi
4A-54 4735-54 44

:42

Station 1S30-5ã-T

Ivlean

67

27 5 5-94 73

Co

1
?
'!a

1
2
L
1
2
2

1
2
1
2
L
2
1
2

iì

;J

,$

n
LI

iI
.J

iI
rJ

3

n
_i

:l
,It,

tc/iI

12/t8

rc/ro
Lo/z+
1.L/7

72/tt

70/70

La/zq

LT/t

tr/21,
r2/tt

1

1
45 B7

BO

6
1
6
1

6
51

2
6
i.
B

40-114

70-1 04
65-1 09

90-99
B5-i 14

90 -1 14

84
89

95
100

75
103

!'l

;.;t

'ì
i
,

.l

:'l
I

_t
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Dominant finfish specj.es collected in Salemwith the 120-ft seir,", ó"iåU", _ December,

4.r7

Harbor
1973.

Table 4.8.

Set

ALlantic silverside
(Menldia menidi a)

winter flounder
( Pseudopleuronecte s gng$SgnqÞ)

Dat,' Total
CoLlected

Size
Ranqe Total

Size
RangeMean

I
I
il

l
'l
i.l

*

t
Ët
'ir*t

a
rl
{

¡¡¡

aD
.I

, :{,

No

2
77

1
568
623

2
50

1

63
60

1

7 5-749
65-1 1 9

30-84
35-49
50 --84
45 i9
65-79

40-2r4
40-84
50-7 9
s0 *1 84

45-704
5O-94
55-104
5 5-1 14
70-94
70-1 i9

l.lean
rnm

5B
42
60
59
72

59
56
60
70

62

64
65
83
i9
85
E9

70/e

7c/23

rJ,/e

7r/re

72/Lo

70/e

lo/zs

iiie
iL/te
72/70

70/e

ro/ zs

J,t/Le

1

2
1

2
1
2
I
2
1

1
2
1
2
1

2
I
2

1

2
t_

2
1
2

27

tation 1L
70-84 7
65-1 1 9 B6

85-1 29
60-1 1 9
85-1 24
7 5-L29

72
108

85
104
r.07

Station 13
60-eõ-----ã
90-109 100
65-124 85
75-1 1 ¿ ÕôJJ

io2
80-89 84
65-69 67
65-84 74

St ri on 15

107

Col1 ected

4B
2

¿J

22
2

5

5

8B
53
23
¿/

52
I9
14
14-

1

9

50-94 70

6 5 -"104 E6

2
158

5
L
2
2
2 I

104
96
97

b;

!

*j

I
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Table 4 .9, Domi-nant finfÍsh species colrected in salem Harborwith the 30-ft trawl, October _ December, 1973.

Atlantic silverside

Set
No.

. Tot.al Mean Total
Size

Range
(mm)

Mean
(mm)

(ttenidia menidia)

Si ze
Range

fourspine stickleback
(ApeItes quadracus)

Date Collec ted mm) ) col ected

1
2
L
2
I
1
1

1
2
1

2
1

2
1

2
2
L

2

í:t
ü

I
nÈl

m

r
¡r¡

r' .t
.' .f,g
tJ

10/tt

!a/ 24

7t/B
J"2/1,A
:t2/ 27

ta/u
to/ 24

t7/8

rt/ts
r2/1,O
t2/27

5

5
2

50
3

14

10
195
707

25

16

Station 12
75-99 89

(ìj

B5-1 14
1 10-L 14

7 5-t24
105-1 14

70-l_ 19

7 5-109
70-r29
B0-1 l" 9
85-1 14

94
712
101
110

86

92
104
101
103

B
L6

2
L0

58
1

35

1
1.3
40
24

5B
19

30-44
25-59
35-44
30-59

30-59

25-54

30-59
30-54
25-59

25-64
30-59

39
40
40
42

43.
42
39

47
46
40
4!

42
42

Station 14

85-I24 107

i
I
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Atlantic cod
(cadus morhua)

Table 4.10. Dominant finfish species corr-ected in sarem Harborwith the 49-fr trawt, ocrober _ il";"ù;;, 19?3.
winter flounder

(Pseudopleuronectes americ anus)

Date
Set
No.

îotal
Size

Range Mean
(mm)

TotaI
Size

Range
(nun)

CoIlec ted Mean
Co

Lo/e

n/5
t2/6

t2/20

782
576
997
268
318

7

1
1
4

16
3

144

L
¿
1
L
2
1

Station L62se=E---s3
255-4L9 314
225-439 302
130-449 278
180-424 283
205-324 267

520-73s
485-7 20
5 30 -594
355-690

460
725
641
581
569
493

I
l
il
'l
*¡

-l
*i
F
i:8
ü

3

.ft

&

3

ï

Table 4.L1.

TotaI

Atlantic cod
(Cadus morhua)

Size
Range

Dominant finfish species colrected in sarem Harborwith gill nets, october December , !g73.

Mean TotaI

pollock
(Po Ia us virens

Size
RangeDa

ta/25
rt/27
r2/7e

Lo/25
tr/zt
t2/te

Col1 c

3
62

1

39

390-550
305-589

31s-534
355-574

270-344
27 5-339
31 0-3 24

200-34 9
280-349
795-254

Mean
nìm

300
313
317

301
314
21e

ec

Station 20
4 8i_
390
342

S tation 2L

394
432

36
T4

-l

i

?a'l:l
LJ

11
29
l9

I

I

6
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o/o

Figure 4.5

fourspine stickleback

o/o

30

't0

Length frequency histogramg for dominant finfishspecies collected in Sa1ern Harbor, October _
December, 1973.

%

ññ ñ'l

Atl"antic silverside

ññ

ì
l
i

Atlantic cod

200
mm

-1
l
J

'j

l1:l
tj

-l

1

0
..j

:

I
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ö/o

0
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Table 4.I2. Ðiversifi-cation index of finfish species by methodof capture, Salem Harbor, October _ Oecember, J-g73.

50-fr 120-fr Midwater
Sei

30-fr.
Trawl Trawl

49-fL
Trawl

cill
NetDate Sei

56L0 9

5
1L

1

1
27

l_0

19
0

il

rl

il

t
g

3

it
h-,ð

I
E

,þ

flt
ittr

iç
b¡

J

0

6

9

7

6
5

10
0
0
0

7

I

3

4I

51

I
I
I
J

'

ì
!

I
I
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lable 4"13. Finf,ish species occurrence in Beverly Salem ilarb'¡r, L965 :.nd July 1g?1 1973.

Soeci es Jan Feb Mar Apr ltlay Jure Julv Auq Se¡rt Oct Nov Dec

alewi.f e

"ê,merican eel

AmerÍcan plaice

American sand lance

¡l,tlantic cod

^åblantic herring

Ã,tlantic mackerel

irblantic ¡ne¡:Ìraden

Atlantic moonfish

Atlantic silverside

-/*,_

È
a

N
N

Atlantic tomcod
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Table 4.13. Continued

Jan Feb Mar Àr¡r Maw June Ju]-v -A.uo ÐecS¡¡ecies

bay anêhcrvy

blueback trerring

bluefish

butterfish

.:onqer eel

Cilery'al.L€ ; aclc

:ri'lnne.¡i

r i¡z:-ng gurnard

fourbeard rocklj-ng

È
t
h)
(¡,fourspine stickleback
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Table 4.13. continued

goosefish

grubtry

haddock

longhorn sculpin

lumpfish

ntackerel scad

mun,rnichog

nlnespine stickleback

northern pipefish

È
I
l\)È

northern searobin
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Table 4.13. Continued

Jar¡ Feb ltar ADr Mav June Julv Â.uo Se¡¡t Oct' Nov- DecSpecies

ocean Pout

pollock

rainbm smelt

red hake

rock gunnel

rough scad

sea ravetl

seasnail

shorthorn sculpin

È
t
À)
(rl

silver hake
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Table 4.13. Continued

e Feb JUI S Oet Nov

skate*

spiny dogfish

strlped bass

striped killifish

str'iped mullet

striped seasnail

threespine s tlckleback

iryhite hake

r¡hite mullet

Awindowpane

À)
Oì
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Table 4.13. Continud

Feb Mar Apr Mav June

i;J 1 l - .'-r i"Ì""-l r*"7

Sept Oct Nov, ÐecSæcl

wi¡nter flounder

yellwtall flounder

*Not eeparated by specles
- - t?õ¡

- 
rç71

- 

r9r2
t973

Jan V Auo

A
t
t\)
-¡
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Figure 4.6. Diversity of finfish spccies collcctcdin ,qêl-em Harbor by gear, 1965.

15

20

0

30' trawl
L0 30' traw]"

5

;{---
all crear
combÍned

'49' trawl
-- 5A ' -elne

a-f
r

r"J

a,,
:-J

Jan Feb Mar Apr May June JuI"y Àug $e¡rt Oct Nov Dec

I
(..:.i

i

I
J



$.fl
.ü
&n
r/¡

T{
o
t
o
Ê
n

t]

il
i,lrl
il

il
TJ

I
:l

j
$

fi

F

Ð
Ë

Ef

rt\at
.-L

-
rll
*J

Flgurt 4.7 . Df.$erslt!¡ of finf ish species collected
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Dlvursl,ty of finfish Ep€cles collectedin Salem llarbor by geal, 1973
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-Catch per unit of effort (e/f), by gear typer âFê presented
in Table 4.L4 for Atlantic siLverside, mummichog, and winter
flounder- For presentat,ion purposes c/f ís defined. as one set
with a particular type of gear.

silverside and mummichog c/f was greatest during the summer
with the 50-ft' seine and reast duríng the winter. The variability,
t¡rwê'rêrr ind.icated by the standard deviation is large and
probab ii"z results from their schooling habits. Few winter f lounder
are senipled with the s0_ft seine.

The c/f with Lhe 120-ft seine was greatest for sirverside
during the farr. variabirity in the size of the catch was
Iarge.

fhe crlf with the 3o-ft trawl was generally 10w for all
three species- Ttris gear d.id not sampre mummichogs.

silverside and mu¡rmichoq were not corlected with the 49_ft
trawl - Íhe c/f for winter flound.er was greatest during the
summer and' fall. Tt¡e-standard. deviation was rargest in the fall.



Table 4 ,i4 " Mean catch per un
Menldia menidia;
wj.nter flounder,
in Salem Harbor,

" No. No.

4 .33

it of effort (c/f.) for Atlantic silverside
mummichog, Fundulus heteroclitus; and
P ctes americanus, collected
1965 and Ju v 97L 1973.

Atlant,ic silverside mummichog winter frounder

Year Quarter- Sets Taken c/f s+
No.

Taken c/f S
No.

Taken c/f

à
3
4

3
4

I
2
3
4

1

2
3
4

3
4

1

2
3
4

1
¿
?

4

n
I

i,l

nIttt
LI

rì

,l
il'l';
l:tr

FIrara
!t
ú-B

rl
r

t.i

li-l
'5

,r..1

ilrt
It
tçI
,s

æ
:.ëü

t?.*.u
Ê

', 'ì:

s

1 965

L 971* *'

197 2

r.97 3

1971 * *

L97 2

t_973

6
6
6

6
6

2
5

62

7 10,301_
9 665

50-fr se].ne

0.3 0.5
0.9 L .6

10.0 25.3

L,47I.6 1,756.0
73.9 173 _3

0.1
8.0

4!7 .6
30.9

o.7
1.6
4.7
4.3

l_ .3
59.0
64.L

250.2

i.0 !.7 2.7
449 74 .g L22.O
234 39.0 95.5

819 116.9 177.7
231 25.7 6',7 .2

3 0.5 0.9

1 0.1_ o ,2

)1 n 
^ 

t1

33
B7

t8
18
t7
18

36
34
34
33

I
t2
72
13

34
32
36
30

1
145

7 ,Ogg
657

25
54

I,324
1,4 2

789
1,939

10
708
769

3 ,253

r.53
96

840
1,597

4.5
3.0

23.3
52.9

13.5
8.6

5s.3
l_51.2

1.3
63.6
4.0

o.2
7.2
8.7
0.6

2
81

7

10
648

27

L7
3, 28L

161

0.6
38.1
1.5

0.5 2.5
96.5 199.3
4.9 19.5

3.2
6.7

748.6
12.o

24

120-ft seine
131_.5 142.9
323.2 505.9

241
232

103
219

37

40.2
39.7

90.l_
88 .0

4.8
23.8

5.5
l-4.s

3.5
138.9 4L

94 .2 L,O4g
340.0 20

3
87

1

5.1
191 .7

3.0

4
4
5

1.5
5.3

L1.5
21.O

3
B
4
B

o.
4.9.0

12.o
3.5

3.2
6.1
1)

48
256

37

9
l_ 53
5r_ 7
41_ 3

L4.
13.

4.0 4.6
2r .3 1g. g
2.8 3.1



Table 4.I4. Continued

At1anLic silverside
No.

4.34

winter flounder
No.

il
F-l

il
il
LT

ß
i:-t

ter
No.
Sets

I
12
L2
13

36
34
23
24

t2
11

B

6

r

3
4
3
4

1
t
3
4

1
¿

3
4

L97 2

J.

2
3
4

3
4

1
2
3
4

1
2
3
4

5rP
il
r.E
¡&tt

fr

*

il
#

í*
s

F
:&ü

f3
.,9

1 965**

-. 
/l71 tr*

l_973

1 965

1971**

t97 2

1"97 3

1
1
2
6

7

30-ft. trawl

7.0 *

94 15.7 36.9

L8
27

5.5
<0 .1
11"0
18.0

49-ft trawl

5
5

18
186

2
96

1,O2
14

t2
110

72
18

13
630

140
601

97
! ,3!7
L,L17
2,269

783
L ,947
4,774
2,949

5.0
5.0
9.0

31 .0

o.2
8.0
8.5
1.1

0
4

s1 f

4.3
315,0

140.0
200 .3

32.0
22A.O
279.O
378.0

65.2
1.77 .O
596.8
491.0

S

*
*

11.3
53 .8

7.5
21,.2

50.5

*
L52.9

31 .B
5s.1

722.6
3l-8.l-

90.8
721 .8
181.3
363 .8

rÌ
i.ì

1.5
2.r

4
4

1

0
7
1
L

t_

6
4
t_

5
2
9
3

0
3
6
2

197
1

2s3
432

32.8
o.2

23.O
43.6

0.3
3.2
3.L
0.8

3
2
0
J

3
6
4
6

174 58.0
1
3*

i¡

.t
-;

ËJ

i

* No standard deviaLion because all fish iaken.iri one set.**fampling commenced in July '!f,r v'.¡s 
.r- Standard deviation6 Ouarter (1) ,Jan - t"tarch, (Z) fr.pr:il. _ June, (3) ,i.-rly _ Auqust,(4) Octobel- - Ðecenl:::t-

I
'I
,I
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Unit 3 cooling water intakes h'ere monj-tored for 55 hours
with subsequent removar of 40 finfish from Ëhe travel screens
(rable 4.L5) . Rainborr¡ smert, oqmerus morda)c, accounted for
55% of. the finfish entrapped. AII smelt, blueback herring,
Alosa aestivalisr êrid threespine stickleback, Gas steus
aculs'atus, urere kiLled.

Annual maintenance on unit 4 was compreted in late
Decenü¡er. Monitori.ng will resume duri.ng the next quarter.
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Table 4.15.

(Esr)
Tidal
5'tage

Finfish species collected in the Unitsluiceway, Salem Harbor, October _ Deeember, 1973 
"

l_ o 10 210 510 910 1n 24 10 24 10 Lo
o 80o

2
ooo 1200 1000 1400 l_400 0800 l_ 200 0Bo0 1400

1 200 1400 1200 1 0 1600 000 L4 100 600

L L+2 L+4 H+sL L H+l H H+3L L+5 H+5 L+4

1¡
L0I

1
1

1
1

oo

S cl_es

winter flounder

cl_ s

.Atlantic cod
blueback hering
rainbow smelt
wlnter flounder

2

1 L1 811 11 L2 11 14 11 2A1 20 11 26 1_

1 500 00 1300 00 0900 0800
1000

00 07 0700
o900

als*

Totals

(3)
(2)

1 3

(rsr)
TidaI

o0 0900 1 500 1700 1100 1300 0900

S'tage L+t4 L+5\ H+2 H+4 L+2, H+j.L H+3¡5 L+zU L+\

2 l_

1
1

L

1

1

3
2
43

À
(,
ol
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Table 4.I5. Continued

1 51 1i_ t2 1 1. BL 18 1 8L
iEST)

Tidal
Stage

1 100
1 300

1 200
t_400

300 1500
1700

o800
l"oo0

LOOO
1 200

L200 1 oo
1400 o0 1"300

H+51 H+1à H+l H+LL H+3 r{+5 L+l . H+4

T4

cl_es Hrs

Àtlantic coC
grubby
rainbor,s smeLt
rock gunnel
threespine stickleback
winter flounder

*Nurnber of dead fish shwon in parenthesis.
unit ¿! was sliut down for annual maintenance during this quarter.

Tot
3 (3)

( 20)
1

20
1

1
1

3
1
0
1
L
1

¿

È
a(,{
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4-4 Sport Finfish S

A creel census was conducted from Aprir 1 through
october 31, 1973. Ä total of 669 fishing parties were inter_
viewed, representing 649 shore flshermen and g67 boat fishermen.
-b'1shr-ng pressure (2,o42 man hours) yielded 2,3L3 creeled fish.
Mean catch per effort ratios (c/e) for boat and shore fisher_
men hrere 1.86 and 0.68 fishrzhr, respectively" Based on
instantaneous count data, the greatest fishing pressure
occumed on weekends. À comparison of sport fish statistics
for 1,972 and Ig73 is presented in Figure 4.10.

Fishing pressure from shore was greatest at the sarem
willows pier, Few fishermen used the pi.er cc¡nstructed by the
New England power company. shore fishermen in the prant area
generally congregated al0ng the eastern and nort-liern srope of
the riprapped groin which protects the docking facirities.
Atlantic mackerer, scomber scombrus , (s4%) and winter flounder
(35%) were the domir.rrt species creeled by shore fishermen.
Mackerer jigs and spreaders baited wi-th crani worrns, [erei..s_
virens, v¡ere the most cornrnon gear types ut.írized.

Boat fishermen creered 62% of the totar sport fisl.¡ catch"
Fishing pressure from boats was .Jreatest near rravigation cLicls

Nrr2rr and N"22" - winter flounder was the dominant species
taken (87%). T?re majority (741,ò cf boat fishermen fished the
bottom wlth spreaders baited with clam $/orms
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Figure 4 "10. cat.ch and effort statÍstics for sport fishermen4'39irr Salem Harlror, April October,'Ig73.
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4.5 Lobster inq

't
I
¡

Of 876 t,agged lobsters, Homarus americ s released into
SaLem Sor¡r¡d and Salem Harbor during Lg72 ar¡d, 19?3, tag returns
totaled 38% and !7%- Data suggests limited movements from the
release poi-nts (figures 4.!L _ 4.14) . Recaptures occurred from
the release point to 6.2s nauticar mireso

Although 13 lobsters molted prior to recapture, grorth data
is avairabre for only 4. Growth increments ranged from g.g to
20'2 mm (13-8 mrn average), representing an 1g% increase in
carapace length.

Salem Sound

. T'Ire release point at Bor,r¡ditch Ledge consists of ledge or
rock bottom and provides excerrent lobster habitat. Movernents
were limited. over 70% of. the tag returns si.nce rgTz indicate
movements of less than one nautical mile

of 301 neleases in 1972 and 232 releases in Ig73, I2S (42%)
arrd' 4 r |,e%) have been recaptured.. Average days of freed.om were
51 and 53. Average movements for rg72 and. 1973 were 0.45 and
0 . 71 nauti_ cal mi les .
S em

Tt¡e release point at navj-gation âid l{,,2,, is characterized by
a sand' mud and silt s'bstrate. Approximatery 60% of tt¡e lobsters
r^¡ere recaptured within an area ranging 3/4 to 2 nautical miles
from point of release.

Returns from 143 releases ín L97Z totaled 43 (3O%) and
200 releases in 1973 totaLed 31 e6%). Average days of freedom
were 27 and 72" Average movements for rg72 and 1923 h¡ere t 3/4
and 7 l/Z nautieal mlles.

*-¿

.,_l
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Figure 4.1.1. ' Recapture locatj-ons
HomaruÊ arlericanus,

of L972 tagged lobsters,
liberated in Salem S -"rnd.
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Figure 4.12. Recapture locations of l-973 tagged lobuters,
Homarus americanus, lj_berated in Salem Sound.
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Figure 4"I3. Recapture locations of 1972 tagged lobste"_s,
Homarus ameri'canus, liberated in Salem Harbor.
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Figure 4.L4 Recapture locations of L973 tagged robst -rs,
Homarus americanus,, liberated in Salem Harbor. IArCHfSlSr
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CHI,ORINITY

Fie1d Collectlon:

SAMPLING PROCEÐURES

30O mIr/sample of seah¡ater.

lgbor-a!.ory Analvsis: Modif ied Knud.6en method, fromStrickland and parson (1969).

SALTNITY

Fiçl-d Ànalv+is: Direct reading from a G.M. hydrometer,calj.brated from 0 - 45 O/OO.

t_¡

c1
!

ïoN

Field Analysi-s: Hach Cl¡emical Company test kit,
Model 17-N.

Samples collected from May 15 _ December 1, !g72were analyzed with a Hach test kit, Model CA_10.Pri-or to May 1s a Kontes mini-pH meter was employed.

CARBON DIOXIDE

Fierd Analvsis: Hach clremicar company test klt,
Model CA-10.

DÏSSOL O)CTGEN

ield Co tion: 300 m/sample of seawater fixed withml manganous sulfate reagent and L ml alkaline iodi dereagent.

Laboraton¡ Ana,lvsis: Titration by winkler method.

BIOLOGTCAL O)TYGEN DEMAND

Field Co IIecti on: 300 mlrlsample of seaïatetr.

L sls : Titration by !{ink}er method following7- ay incubation.

'ti
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5.3

COPPER

NITRATE

¡'ae

Aield Collection:

-

lvater - L LíLe{ sample collected in a nargene bottre,
Soft shell clam - 6/sample, approximately .2,' j.n length.
Lobster - 1rlsample, approximatery 3', in carapace rength.

a si : Utilizing a modified Strickl andand Parsons 968 nrethod, the soft. portions of cIa¡nsand 6 grams of lobs ter gills are digested and analyzed.

Col-1 on3 300 m/sample of sean^¡ater.

AnalaJ¡or
method rom S

Ultraviolet spectrophotometri c
Methods (1971).

NITRTTE

FieId Iection: 3OO mlr/sample of seawater.

a sis: tlodif i ed Grless Diazo reactionfrom Gr ess a

TNORGANIC PHOSPI{ATES

Fie1d Collectlon: 300 mlrlsampJ-e of seawater.

BENTHIC

LaÞoralory Analvsis: colorlmetric determination ofreduced phosphomolybdate comprex from Fiske andSu.bba Ror^¡ (1925) .
I

t.;
*.t

Fierd collection: Benthic algae and i-nvertebrates aresampred at sites serected at iarlous depth contours.
Quadrats are established by attaching a- 12-ft line to thesite marker and s^¡inging a-ci.rcle of -LO-ft raai-ùã. -tt.first quadrat is locateá Z f.L from the marker, anásubsequent quadrats are rocated z nL and roo- å",r.rl.r_cloclíhrise from the former. Ttris procedure is repeateduntil 5-l/4m2 samples are collectèd within each circle.sampres are stored and frozen in prastic bags untiianalyses.
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PT,ANKTON

-b']-eld Co
samplé
lected

t
n -an ml-1

:. Phytoplankton is collected in a water
Dorn'or Nanson) . ZoopJ.arrkton is col-

cron':mesh nytex plankton net.
l- minute at selected sites andTorrs -a¡ié made for

strained water volume is recorded on an 8.5 cm T.s.flow meten attached to a one meter ring. samples aretransferrêd:t9Í 25O ml nalgene bottles containinga 5/_" glutarardehyde solution, and refrigerated untir
analyses.

Í I
È
g, CHLOROPHrÍ L .- . .: -

Fie1d Collection:
a 316 mi.cron mesh
bottle and stored
to the laboratory.

FINFTSH

sites wi gear of

Surface seawater is fitrtered through
nytex cloth into a one gallon nalgene
1n a light-proof box for transport

Laboratorv Ànalvsis: samples are stored i-n a coor darkprace not exceeding eight. hours frqn correction. Estimationof extracted algae cell pigments is mad.e spectnophotometricallyusing the scoR/uNEsco melrrõa outlined by strickland andParsons (L968).

'i
¡
tLJ

i

*

I

Fie lection: ùrplicate sets are made at selected
the follo.¡ing des5,ng:

5O x 4 ft seine, with l/B ín mesh;

120 x g ft seine, with L_t/z in mesh wings and,3/4 in mesh bag;

30 x 25 ft trawl with J,-L/2 in mesh wings and
1- in mesh cod end;

49 x 38 ft trawl with 5 i_n mesh wings and 4 in
mesh cod end.

seines are set paraller to shore with the aid of a skiff
and drawn to the shore by rines of approximately ?5 ft..Trawr cruises are arong a fixec courèé. t{here õbstructionsoccur, cruise lines are artered. 'Fishlng time is five
minutes with the 3o ft trawr and z0 mlnules with the
4 9-f t trarcl.
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G111 nets are
gill nets are

set at selected sites for 24 hours. Allconstructed of monofilament and measureStretched mesh size range from L-L/2 to

ïnstantaneous fishermen counts are conductedduring each survey day at randomly 
""iàãt"a

100xL
3-\/2 i

0 ft.

Finfish collected are_ separated by epecies, enumerated,and measured for totar Ièngth in ñiriimeters.

SPOR ISH S \¿EY

Startinq Date: mid-April
Endi.nq Ðate: mid-October

èrea: Sa1em Harbor, i_nside or west of a line drawn betweenFort Pickering Light on lfinter rsland to Naugus Headin I'{arbLehead; ana the easterry shorerines of vrinter ïsrandand Salem Neck from the Fort pickering Light to, 
-ånã '

includ,ing, the pubric pier at the norÉh end of saLem Neck.
Procedure:

i

-¡

three times
hours.

FISH EGG AND ï¿AR\A,E

Fi-shermen interviews are conducted throughout the surveydgy: survey data is recorded on eorms frovided for aminimum of L0 percent of atr shore and Loat fishermen.
chrildren who are fishing are incruded in the instantaneouscounts, ê''d a separate tarry noted. chirdren "r. ,róiinterviem¡ed when fishing in the 

""ã"*pä"iment of anadult ¡ ---

Sch_edule- Org_w_ee\day and, one weekend day is surveyedeach week- Arl horidáys arg surveyed. setection oi d."y,and 8-hour shifr (6 - 2 or j.O 6l; -i; made "t rárrãã*"changes in routi"ne are made onry at time of seneaureselections.
.ì

i

'I

I

i
.i

IJ

W: Procedures employed in collecting andhandling f ish eÇg and larvae are- identicar t" ,""pl-årrùto'except for use of a 153 micron mesh nytex net.
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SLUTCE$IAY IN\TESTTGATIONS

Field Collection: F infish, invertebrates and mari,nevegetation are sampred in the intake sluicauays to units3 and 4. Traps, constructed of L/2 in werded steeL rodand cover._e! wi_th 3/L6 in stretched mesh nylon net, areperiodically placed in the respective sruicevrays for onehour intervals. Arl 0rganisms are identified,'errumerated
and measured. Water temperature and salinity is recordedduring each sampling intèrval.

LOBSTER TÀGGÏNG

Field._Collection: Divj-sion personnel, aboard commercialvessels, collect sub-legal sized 1obsters (g 3_I/g in)from Beverly and salem Harbors. Lobsters are then transferredto a Division boat or returned to our cat cove Laboratoryfor tagging with a fluorescent orange sphyrion t,agi.

Taqqipo Procedgre: Tags are attached by securing astainless steel anchor (.014 dia.) in the body múscle
beneath the abdomen with the aid of a #20 hypðeermicneedre. Each _tag is imprinted with a numbei and. the legend
"Div. Mar. Fish., salem, Mass.,, Tagged lobsters are thenreleased at selected sites in BeverÍy ana salem Harbors.sex, carapace length (in millimetersi, date, and rãi..""point are recorded.

Return ure
including personal
to fish Beverly
and tag re¡rcrting
medi-a; individuals
to our laJroratory
returns are acknou¡
on a map designatl
updated on growth

fhrough a public awareness program,
letters to commercial 1obstàrmén knc,l¡n

Salem Harbors; distribution of posters
forms; and artlcles in the local neh¡s
are requested to return lobster tagsor to a cooperating fish'dealer. ÀlI

ledged in writing, and tags are placed
ng the point of capture. Recordã are
and movements of each recapture.

!
I

THERMAL BTOASS.A,Y

r_'ig-.ld colrection: Finf ish species are collected by seinesand trawls ald transported. to the raboratory in aeiatedcontainers of seawater.

Laboratorv Experiment: Following acclimation to roomtemperature (about lBoC) , 96 hour tolerance levelsfor each species are determined for abrupt and. gradual
changes in water temperature. Effects are noteå ror
each 2.Eocgnadient over the range -1.0 to 32.0 óC.---

I
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ITYDROGRA C SUR\rEYS

Tidal direction and verocity are recorded r^rith an EndecoL10 remote current meter. birect read.out d.ata is coriectedat_varied depths arong prescribed transects bisectingsalem llarbor. Attempts are made to monitor seasonalcuffent patterns at varied tidal stages. Ðata interpreta_tion is performed by project personnél.

TURE MONI TORTNG

rn siÇi¡ mon_itoring is conducted wÍth Endeeo Log continuousrecording thermographs. Ttrermographs are installed atprescribed. locations and. depths by personnel utirizing
!guqÀ. Temperature data is retrièvéa at approxtmaiery
3_0-day intervars and derivered to Environmèritar DevicäsCorporation for reduction and verification.

ADENOS INE TRI PHOSPHATE

orato s].S:

Fierê.collection: ForlowÍng removal of zooprankton withan 80 micron rnesh net, water is filtered tirrough Ã z.+
9î/_\ mirripore firter retained in a sr.¡inex 2s firterhorder locked between two Som} disposabre syringes.
Àf #ar €ì 1#r=t.i a- ùl^^ G.: 1!^- -- r -: -õòçç! ¡¿i-uÅqL¡\r¡¡ Lr¡e rii_-uer pê.rc ts removed, quick frozgnon dry ice, and praced in a labered glass viãr for transportto the laboratory. Arr samples remaln frozen untilanalyzed' Tripricate samples are collected at eachsampling site. --

the uciferin- uciferi
by Strehler (1968).

ATP is. assayed enzymatically using
nose bioluminescence system outlined

T4 c

Field correcli?n:_,At depths determined by a portabrephotometer (l-00, 50, 2s, 12 and.0% reratii¡e right----intensity) unfirtered water is incubated for 4 hoursin 300 mr BoD bottres containi-ng a solution of radioactivegarþon. Duplicate sampres are õorrected in right .rrãdark bottres.. Tmmediately forror,ving incubation allsamples a_re placed in a light proof container for trans-port to the laboratory.

L a 1 ST Followj.ng filtration of phyto-ton from seawater samples, the uptake of f i.xedradioactive carbon is determined by the liquid. scintillation

¡

l

technique outlined by S trickland and parsons (L969).
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Project expenditures as of December 3j-, lg73 hrere:

t

Salaries

Travel

Offlce and Lal¡oratory
Supplies

Equipment

Maintenance and
Miscellaneous Supplies

Overhead

Subtotal

Contracts

TOTAL

23, 500 .00 Lg ,996 .45 3 , 503 .55

10ta1
AIlotted

$L35, gOO.0O

3,37 5.00

g,g'7 5.oo

6, 1Oo . oo

39, 920 . O0

TotaI
Expended

$120 ,4L4 .97

2,236.63

5,97O .7 6

2,995 .37

23,L2!.gg

Balance

$15, 395.03

L, L39.37

3,OO4 .24

3 ,144 .63

16,798.1-1

ç42,973.93Çztl,57o.o0 çL74,596.O7

9 280 00 60.o0 46. 1 20 .00

Çzgo, g5o .00 s2O7 ,756.O7 S8%_093.%kIt
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