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INTRODUCTTON

Tkre follo,ving is the fifth quarterly progress rePort of

researct¡ performed by personnel of the Division of Marine Fisheries

operating under contract DMF-2-72 with the Ner¡'r England Pobrer

Company. Included are data collected from 1 October ttrrough

31 December \972.

To al1ow for more intensive investigations in the immediate

area of the power plant, the geographic limits of our study

were redefined to include the area west and south of a line

drawn between Juni-per and Fluen Poínts (tr'ig.l-) . fL¡e new

boundary includes the area off Winter Island proposed as a

discharge site for Unit 5. Stations 5 and 1,7 (Figs. 2 and 3) have

been retained for sampling with the Peqcrvbell; our sport fish

survey wiII resume jn the spring at tÏ¡e Salem Vtillor¡rs Public

Pier¡ and Bor¡rditch Ledge wiII continue as a release site for

tagged lobsters. Incorporated into sampling routine was the

addition of one bottom trawl; three mÍd-water trawl; and

one giII net stations. ïfater quallty analyses now include

nitrites arid phosphates.

At the request of the Ner,v England Power Cornpany, êrl

amended. project proposal was drafted, including recommendations

for further investigations in Salem Harbor ttrrough Lg74.
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Figure 1-.

Study area boundary (redefined December L' L972) '
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Figure 2.
I¡lANCHESlERLocations of water quality and finfish sampling

stations outside Sa1em Harbor.
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Locations of water qual-ity and finfish
sampling stations in Salem Harbor.
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Mr. Baffy Ketschke assúmed the duties of Assistant Marine

Fisheries Biologist on 26 November upon the termination of
¡llr. ,James Xinch.
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PHYSICAL r!il\IESTI GATI ONS

îemperature Monitoring

Horizontal and vertical temperature data was corrected
November 27 arong three transects at predetermined distances
from the plant' discharge (fig . 4) . Ttre transects marked. the
a:res of the thermar plume as defined by infra_red telemetry
(rRT) frights on october T and g, Lglr. sampring was conducted.
r,yith a Vt&T FA-190 bathythermograph (BT) at four tÍdal s.þøes.
units L - 4 maintained an average combined output ot.{is. ¡rrw

while circurating 42r.,300 gpm of coorlng water. oi-""ílg"
water temperatures ranged, from 14.5 lg.Ooc.

F'gure 5 disprays isotherms along the three transects.
At low tide thermal infruence is experienced up to 9oo ft
from the prant dischargre. rnfluence increases to r.2oo ft
during mid-flood and at high tide, then d.iminishes to 3OO ft
at the mid-ebb tid.al stage.

su-rface configurations of the diseharge thermar prume
v¡ere redefined by IRT on September 6, LTTZ with Units I _ 4

operating under fulr load.l Although different in outrine,
rapid heat d.issipation in s"t.* Harbor remains evident.
Future rRT frights are not deemed. necessary at this time,
however, horizontal and verticar temperature moni_toring wilt
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A survey report- Airborne thermal imagery of d.ischargeplume dispersion salem Harbor pou¡er-stãtiã".--ñãïäà", g,coastal Research corporation. Lincoln, Ivrassachusetts.
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-, Figure 4.
ï'ocations of bathythermograph castsin Salem Harbor, ñovem¡ei Zi, úiá:
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Temperature isotherms

I

Figure 5.

(oC) in Sa1em Harbor, November 27 , L972..
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intensify to better define subsurface thermal influence'

flre intake water column was isottrermic on 11 November'

Profiling along four parallel transects, Iocated 10, 50, 1OO

and 300 f t east of unit intakes, j-ndicated that water

temperatures,ranged from 8.0 to 1O.5oC with a ma:cimum

variation of 1.5oC between surface and bottom. Average

sr:rface, mid-depth ar¡d bottom temperatures were g'4' g'4

and 9.3oC, respectively. A similar survey, conducted on

18 September, indicated temperature ranges of 15.1 to 19.6oC

from surface to bottom, with a malcimum change of 3.5oC.

until the intake water basin is dredged to a uniform

depth, tÏ¡e most consistent and indicative intake temperatures

can be recorded by placing a continuous monitoring probe

10 ft east and -8.0 ft Mf,W of the center line of ttre Unit 3

intake screens. Read.ings at this location wiII negate

temperature differentials cgrrently observed at the eight

water intake boxes--and provi.de consistent ambient recordings'

continuous recording thermographs l^Iere installed near

Stations C and D from 16 November to 19 December and reinstalled

on 20 Ðecember. Data is again incomplete due to instrument

malfunctions. Readings of soC and less at Station C were

obscured on the recording film. Inaccurate synchronization

of tl.e camera shutter and flash produced illegible recordings

at Station D. Both instruments will be returned to thei'r

manufacturer for abatement and an alternate means of

temperature collection will be employed.
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. . Average dõ.ily temperatures, approximately 3 ft belor^¡ the
surf,ace, ranged from 5 to LToc at station c and from 5 to 15oc
at station D. vtater temperatures recorded at stations A
through D are plotted in Figtrre 6. Average surface water
temperatures for the quarter decrined. goto looc.
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Figure 6.

surface water temperatures recorded at stations A - D

in Salem Harbor, óct'ober - December, 1972'
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CHEMTCAL TN\ÆSÎI TTONS

Vtater Qualitv

hlater quality at stations 1 1g (rigr:res 2 and 3)

exhibited thq folrowing ranges: surface water temperature,
4.O L7.5oC; surface salinity, 2S.O 31.O O/OO' pH, g.0;

carbon dioxide, 5.0 1O.O ppm; and d.issolved oxygen, 7.6
9.7 ppm (Tab1e 1).

Ranges for pararneters sampred at st,ations A - D were:
surface water temperature, 4.5 22.SoC; surface salinlty,
29.I 32.5 O/OO, PH, 8.0 - 8.5; carbon dioxide, 5.0 1O.O ppm,

d.issolved oxygen, 'l .6 LZ.S ppm; biological oxygen demand,

0.8 - 4.0 ppm; nitrite, !9.7 L3L.2 ppb; and phosphate,

703.8 3, 213.0 ppb (ra¡te Z) .

Hearn¡ Metal vses

Copper concentrations in soft shel1 clams, Mya arenaria,
varied from 3.3 - 7eO pFun; ar¡d in northern lobsters, Homarus

americanus, ranged from 4.7 - s7.1 ppm (rabte 3). sediment,
winter flounder, pseudopleuronectes americanusr êrrd

soft shell cla¡n samples are corrected quarterry and. anaryzed
at the Massachusetts Ðepartment of Pub1ic Health's Lanrrence

Experiment station for concentrations of other metals.
Results from August i-? are presented in Tabre 4.
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Table f-. lrlater quality data for Beverly Salem Harbor, october - December, 19'72.

iJt\.ry' .*. 'i- r,.
¡,. )

:-l

TIDAL VTTND
SAMPLE TTME STAGE DIR/VEL

DATE NUMBER (EST) _{ËounS) (upH)

CLOUD
COVER

(%) DEPTH

stiltionL
30s
40s
Station 2

TEMP OC

AïR l,lATER
SALINITY

rc/oo)
co2

pH (ppm)
02

(ppm)

to/6
tL/6

10/20
t7/7

o00589
000628

ooo609
o00635

1200
1025

o925
L200

19.0
8.5

2.O
9.5

16.0
L1.5

9.O
4.O

3.0
10.o

15.5
9.5

9.O
10.0

17.0
t4.o
L0.0
6.5

29.5
27 .5

28.O

29.5
31.0
30.o
30.0

29.O
29.O

29.5
30.o
30.0

29.O
28.0

8:0
8.O

8.0
8.0
8.0
8.0

5.0
10.o

5.0
10.0
5.0

Lo.o

high +2
low +5,

o
0

9.0
8.4

4.7high +
high +

10
40

40
o

.50'50

60

,4

1
S
s

8.0 5.0
8.O 5.O 9.7

3
6
4
6

I
3

I
I
9
9

Station 3
to/6
rc/rL
tt/6
t\/17

1,O/20
tt/7

oo0588
o00598
ooo629
00064 6

ooo610
ooo636

t 1L5
L11s
0940
l_100

l_oLo
L230

high +1
Icr.¡ +4
lcn'¡ +5
high +3

a

s
s
S
So

a

4
,

hish +Ll
hiqh +1

Station 4
1_O

50

Station 5
50s

o
l_o

Station 6

11.0
9.5

L0 .5
'7 .O
6.O

0 Lo.o
5 9.5

.,s
8.0 5.0 'l .
8.0 5.o g.

8.O 10.O
8.O 5.0
8.0 L0.o

8.O 5.O 8.L
8.O 5.O 9.2

70/24
Lt/2r
72/tt

000613
o00651
ooo774

o825
o900
0930

1040
l_305

lou¡
lorv
lotr¡

+3
+41
+l_

w/Ls'
sw/L2

8..2
9.5

l_5.o
'2.5
O;0

S
s

1.o/20
L1./7

00061L
000638

high +2
hish"+1t

s
S

2.
8.

F
(¡)
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Table l-. Continued

SAMPLE TIME
TIDAL
STAGE
HOURS

WÏND
DrR/Vü,

CLOUD
CO\IER TEMP OC SALINITY coz O2

1.o/6
Lt/6

Lo/6
to/fi
L7/6
tL/L7

Lo/20
Lt/7

00o590
ooo627

000587
000599
ooo626
00064 5

00061 2
o00637

1255
1i-00

I7 .O
9.5

L'7 .5
13.0
9.5
6.5

o 0

29.5
29.O

28.5
30.5
28.5
27 .O

29.5
29.Q

30.0
30.5
29.O
29.5
30 .5
30.0

ER

lnìgln +2La

high + \a

DE AÏR

Station 7
5õ-- s- l- 6 .5

s 10.5

Station I
50 19.0

1L .5
9.O
0.o

Station 9

8.0
B.O

0 5.0
0 5.0
0 5.o
o l_o.0

5.O
5.0

8.0 i.0.o
8.0 5.0

.0

.o

.o

.o

.o

.0

9.0
5.0
5.O

9.O

7.9
9.1

l_o30
r2l5
l_115
o930

high
lov¡

high

+5
+\
+2

S
S
S
S

60
90

0 I
B
I
I

B
B

o
0

I
I
I
B

I
I

3
4
6
6

1
4

+
+

gh

gh
gh

hi
0

l-140 hi
L41s hi

0840
1l-1_5

3
2

2A
27

5
o,4

8.5
9;s.

0 s
S

Station L0

1.5 B
9.5 9.

1-

B

o
0

to/20
]-1,/7

000608
ooo634

high
lov¡

10
20

s
S

0
0

to/Lo
Lo/tr
tt/6
rL/t7
t2/4
t2/5

000591
oo060l-
000630
o0064 3
oo0760
000763

tL20
r_345
o9l-5
0710
091 5
0930

Iow +5
high + tt
low +5
high
lor^¡ +5r4
low +5

Station 1l-
o 1_

9
6
4

a

I
I
7
I

5
5
5
5

10
10

0
0
o
o
0
0

aB
I
B
I
I
I

8.0
o.o
4.5
0.o

S
S

s
S
S
S

o

0
o
0

l_o0
100
l-00

L3.0
L2.5

L4.5
16.0
i_1.0
8.5
6.5
6.0

H
À
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Table 1 - Continued

TE
SAMPLE
NUMBER

000607
000633
oooT 67

TTME
(ns T)

oBoo
L040
1330

TIDAL
STAGE

(HoURS)

high
Icn^¡ +5
high +1

TfIND
DrR/\ÆL coz

(ppm)
O2

(pr¡m)

CLOUD
CO\IER

(%)

Station i- 2
10s
l_0 s

100 s

I station 13
100 s
100
100

TEMP OC

AIR V{ATER

2.
B.O
4.5

SALINITY
o,/o0) l)H

0o/20
7/7
2/8

1
L
1

1
1
1
1

t7/17
t2/4
t2/5

Lo/20
tt/7
t2/B

ro/24
tL/21
t2/tt

000644
ooa7 62
000765

o00606
o00632
o00768

ooo592
ooo624
000761
0007 64

ooo614
000652
000775

0820
1L40
1045

0715
0950
L400

o
sE/1,o

o
Nr/L1

Nt/11

o
w/16

o

3.0
o.o

-L .5

1.5

5.

9.0
11.0
3.5
o.0

L5.0
o.5
1.0

1l_.0
11.O
7.O

8.5
6.0
6.5

o
o
o

15.O
L2.5

6.O
5.5

15.0
8.0
7.Q

29.O
28.5
29.O

29.5
29.5
2"1 .5

30.o
28.5
29.O

30.o
28.5
27 .5
2'l .5

28.5
29.5
30.0

8.0
9.0
B.O

g.o 5.O
8.O 5.0g.o l-0.0

5.0 8.1
5.0 7.6
5.O,

high +l-
hish +L|
hish

Iow +5
1o¡¡ +4
hish +L!

s
s

8.O
g.o
B.O
B.O

8.0
8.0
8.O

L0.o
5.0

10.0
5.0

5.0'
10.0
10.0

8.5

8.1
8.4

'l .9
8.0

Station 14

sE/tL

L0
o

100

s
s
S

Station 15
o

70
1_00
1_OO

Station 16
70s

0
30

I
a

ao
o

l_

l_

1
2
4

8.O 5.0 7.8
g.o 5.O 8.4
8.O 5.O

10
6
4
5

o/
L/
2/
2/

L240
t230
1030
1020

1140
t220
l_200

hish + |
high +J-

hish + |
hish

0
o
0
0

s
s
s
S

hiqh
hish +Lu
low +34

S
S

P
ul
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Tal¡le 1. Continued

TIDAI,
STAGE

hish +l-l
high +3
low +5

lor,r¡ +5h
high +2

h¡IND
DrR/VEÏ,

CLOUD
CO\TER TEMP OC SALINTTY

0

1l_ .5
8.0
6.0

29.O
30.0
30.5

coz
SAIVTPLE TIME

ERTE

Sta L7on
10/24
tL/21
12/tt

oo06l-5
000653
000776

L310
1340
L325

o930
1320

o
w/16
E/14

o
50

s
S
s

15.O
3.0
o.o

L5.0
9.5

27 .5
25.O

8,0
8.O

Lo.0
10.0

9.O
9.2

6.7
LB

g.o 5.0
B.O 5.O
8.0 Lo.0

Lo/6
1.L/6

oo0585
000631-

o
Station, 18
o s'-' .15.5

60 s "7.5

ts
Ol
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Table 2. ltrater quality data for Salem Harbor, october - December, Ig72.

SAMPLE TTME
I¡¡-IND CLOUD

DTR/VEL COVER DEPTH TEMP OC SAT,IT{TTV

TTDAL
STAGE

DATE R S
co2 o2 BOD NO P04

70/5
1.o/13
LO/t8
1o/25
tt/2
Lt/B
1.L/L7
7r/20
tr/28
t2/7
72/L5
L2/20
t2/26

1010
114 5
o920
1 230
10L5
o940
L255
!235
o840
i_015
LO25
7255
i.350

high
low
hish
hiqh
high
1ow
high
high
high
1ow
hish
high
low

S

+\
+3
+2

+2
ßa
+54

40
60

0
100

18.5
8.5
5.O

11,0
10.5
9.5
2.O

10.5
8.5
o.5
0.5
2.O
3.5

FEET ÀïR TER 0

Stati-on Aooo584
000594
ooo605
o0051 6
ooo622
o00639
oooT 52
oo0647
ooo756
ooo77 2
aooT 7 9
ooo784
oooTBB

o005BL
ooo597
000602
000617
000620
ooo640
000755
o00648
o00757
o00778
000782
ooo7B5
000789

N/6
0

s/5
M/t
N/r.s
N/L2

o

l_o0
90
90

100
0

i_00
i.oo
i_00

40
60

0
100
100
100
i.o0
100
1_OO

o
100
100

90

BB.6
42.6
55 .8
95.1
J-9."1

703. B
1, 560.6
1, o0g. g
2,O5O.2
2,845..8

0

o

S
S
ù
S
s
S
S
S
S
S
S
S
s

.0

.o

.o

.o

.o

.o

.o

.o

.5

.5

.5

.5

.5

-â-â-*''áoJ^ o.g
2.O
L.2
I.7
2.O
3.4
1.8
1.9
1.6
2.7
4.O
2.6

*t7*

8.0 5.0 9.6
B.O 5.O B.O
B.O 5.O 8.3
8.0 10.0 7 .6
8.0 5.O 7.9
8.0 5.o 8.0
8.0 l_0 .0 10 .0
8.0 10.0 9.2
8.0 5.0 9.1
B.O l_0.0 9.2
8.5 l_O.0 9.4
9.5 10 .0 J-2.5
8.5 Lo.o 10.0

30.1
31.O
32.5
3r.4
30 .7
30 .8
3L.2
30.9
31.O
31 .1
30.6
30.6
31.L

L7
L4
LL
72
L2
i.1

9
9
B
7
6
4
5

1.L
2.L
1.3
2.O
1.4
1.6
1,.4
1.9
2.2
L.2
1.7
2.4

9
7
5
7
7
9
6
9
5
3
o
7

,4

,4

1
1

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

Stati-on BLo/5
70/13
to/LB
70/2s
7r/2
rt/B
1,L/17
11/20
7r/28
7z/t
72/Ls
12/20
72/26

o910
1,225
o825
L240
0950
0950
1 350
l_ 230
10i.0
7120
1100
L240
1.330

hish
Iow
high
high
hish
low
low
high
high
1or,r
Iow
high
1ow

+4
+1\

+l\
+4
+12
+2
+5
+51
+5
+2
+4

o
sw/B
sE/7
Nw/5
NE/7
r{vr/6

o

3r.4
31 .3
30.6
3L.g
30.6
30.9
31 .3
30.8
31 .1
30.6
30 .7
30 .5
30.9

B.O
B.O
8.0
B.o
8.0
8.0
B.O
8.0
8.o
B.O
8.5
B .5

.5

s
S
e

ù
S
S
S
S
S
S
S
S
S

o

o

27.O Lg.o
10.5 22.5
4 .O 22.5

1l_.0 20.5
10.5 2L.5
9.5 20 .O
4.O 19.0
B.O 14.5
9.O 18.O
o.0 11.o
1.o 17.0
2.5 15.O
4 .O 15.5

5.0
5.0
5.0
5.0
5.0
5.0
5.0

1o.o
5.O
5.O

7
7
I
7
7
7
I
B
B
9
9
9
9

5,O
10.0
5.0

82.O g7.g _2
45.9. L,sgJ..2
52.5 956.9

131_.2. 2,295.O
23 .O " 2,945 .g

F
-J

B 5
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Table 2. Continued

SAMPLE
DATE NUMBER

TIDAL
TIME STAGE

(esr) (HOURS)

V{IND CLOUD
DTRIVEL COVER

(MPH) ø)
TEMP oC SaUWTw

ATR }M,TER (O,1OO)
DEPTH

(FEET)
co2

ÞH (r¡pm)
o2

(pr¡m) (
No2-

) (ppb)
=Po4 -

(ppb)
BOD

to/5
70/73
to/r8
La/25
LJ,/ 2
LL/8
tr/17
17/20
tt/28
72/7
J,2/r5
t2/20
L2/26

000582
000596
o00603
000618
ooo62I
00064 1
000754
00064 9
oooT 5B
ooo77 L
o00781
000786
000790

+34
+t1

+2u
+4

60
60

0
i_00

5.O g.
5.O g.
5.0 g.
5.0 7.
5.0 7.
5.0 7.

6
o
4
9
9
I
I
1
7

0935
12rO
o840
L245
1040
1000
1330
12Is
o940
i_o55
1,O25
1_ 230
7440

hish
Iow
high
hish
high
lovr
1ow
high
hish
lol'¡
hiqh
hish
Iot¡t¡

+1
+4
+5
+4\
+2
+5

N/B
sw/1,4
sE/7
rwr/17
NE/ls
ñ/16

o

100
100
100
100

o
l_00
i-00
100

30.1.
30.7
3t .3
3L .5
30.6
30.6
29.7
30.4
31.O
30. B
30.5
3!.4
31.L

l-o*
L.'7
1.8
1.6
1.6
2.6
1,.'.l
1.6
L.7
L.7
L.2
l_ .5
2.L

111 5
55.
59.

12L.4
26.2

\
\

Station C
s -f o. s-Iz .o
s 9.5 L4 .5
s 4 .5 13.0
s 10.o 13.5
s 9.5 L2.0
s 9.5 10.5
s 4.o 8.5
s 8.0 9.0
s 8.5 8.O
s o.o 7.5
s 0.5 8.o
s 2.5 4.5s 3.o 7.o{.-

Station D

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

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

9
2
9
2
5

9
Lr6
1r0

0
2

5.O
10.o

5.O
5.O

Lo .0
10.o

8.
9.
B.
9.
9.
9.8

5 .O 9.5

.o 8.'I

.0 8.O

.0 9.7

.0 8.1_

.0 8.O

.0 8.O

.o 9.2

.0 8.6

.o 9.3

.o 9.5

.0 9.5

.o 11 .5

.0 9.6

887.4
l-,693.O

918.0
L , 958.4
3, 213.0

2
4
I
6
I

J,O/5
to/13
to/1"8
to/2s
tt/2
7r/8
tL/77
1.L/20
tL/2e
12/7
1.2/L5
12/20
L2/26

000583
000595
000604
00061 9
o00623
000642
000753
o00650
o00759
o00773
ooo7B0
000787
000791

0955
1 200
0900
1 305
to25
Lol_0
131_5
L 205
o9J.O
1_005
1000
L2T5
1 505

high
1ot^¡
high
hish
hiqh
low
lor.i¡
hish
hish
lot^¡
hish
high
lot'r¡

30 .1_

31 .3
32.2
3L.2
30.6
3l_.o
30.9
30.9
3l_.L
30.6
30 .7
31 .1
30.9

8.0
8.0
8.0
8.0
B.O
8.0
8.O
8.O
8.0
8.0
8.5
8.5
8.5

15.5
L3.o
Ll- .0
10.5
t2.o
10.o
9.5
9.O
8.5
6.5
6.5
4.5
5.0

17 .5
9.0
5.0
9.5
9.0
8.5
2"O
9.5
B.O

-1.0
0.5
2.o
2.5

S
S
ò
S
s
S
s
s
s
S
b
s
S

o
I
L
2
1
L
i.
1
2
2
1
3
L

10
5
5
5
5
5
5

10
10

5
Lo

5

2-¡I'*
+3
+2

+2
14

+I\
+4
+4\
+4
+2
+5,

60
0

100

N/s
svr/J,3
sE/5
Nv15

Nr/LL
N/i_ s

o

Loo
l_oo
100
100

o
l_oo
100
100

7
9
5
6
9
9
3
3
5
6
5

6

9
4

1l_
11

1

5
2
L

6
5
5
7

F
@

* 8-Day BOD

5
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Table 3. Copper concentrations (ppm)

(¡tya arenaria) and lobsters
from Salem Harbor, October -

Soft shell

3.7

in soft shell clams

Lob

14.6
2L.5

30.6
l7 .2

7.7
57 .t
4.7

19

Soft shell
clam

(Homarus americanus)
December, 1972.

S

nu{\.¡

n
tJ ,to/L3

tt/8

L2/7

A
c

1L
13

5
7
5

I
t-ì

il
.0
.6

6.4
4.8

T
u!

Ei*r.l
¡;¡

trl
!.t
i¡i-!

r:)

3.3
4.1

A
c

A
B
c

Table 4. Concentrations
wi.nter flounder
and soft shell clams Mva arenaria)
Salem Harbor, August 17, L972.

Vüinter

(ppm) of trace metals 1n sediment,
americanus)
from¡'tit

r.l'

tr
i3t!

rl
-_J

Sediment f r

mercury
cadmium
lead
zinc
nickel
copper
chromium
arsenic
volatile solids ø)

0
0
9
7
4
4
6
2
0

L

0.05
0.1
1.1

l_5.0
2.2
3.7
3.0

o7
L
2
3
6
7
3

o
0
I
5
0
L
0

2o
1
0
0
5
4
3
4
4

a

a

a

a

a

I
I

.!

i

ì

j
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BT CAL TNVESTI TTONS

Benttric S

A total of 52 benthic organisms were identified from JuIy

samples, êrI increase of 12 over March. ftrirty-two organisms

were identified for the first time ì Lg previously identified

were not observed; and 2L were common in both sampling periods'

TLre amphipod, Leptocheirus sp. remained most abundant.

Diversity was greatest at Station B-5 (22 species) and

least at Station B-1 (5 species) (figure 7). VÍhile diversification

at most stations increased from 6 to 260%, no increase in

total species was noted at Station A2 (table 5) . Ttre only

decrease was cited at Station 81 (-44%), located closest

to the pol^rer plant discharge canal. Seventy-two benthic

organisms have been identified to date, including 30 Mollusca,

22 Annelida, 2 Sipuncula, 13 Arthropoda, 4 Echinodermata and

i- Rhynchocoela (table 6) .

FaIl sampling was conducted during Noventber. copies

of the second research report of the william F. clapp

Lal¡oratories are being d.istributed.

CLrlorophvll Analvses

Levels of chlorophyll in Salem Harbor declined stead'ily

during this quarter (Table 7) . Detected ranges vrrere:

Chlorophyll A
B
c

Carotenoids

-)
t
I

i

t-u
i{
il

n
LI

rl
Iri

ri

!-'.l,t
J..t

!..1

rt!.r:E
ri

ttil
:.ù
_i

¡
't

-l
.l

-t
I.t¡-t

rt|
t

J

- L4.13
t.29
6 .81
6.74

0.36
0.03
0.31
0.08

mo,/m3
*å7*3
*á7*3

^ói,/^z

Levels at all stations this quarter were more consistent than
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A-4

ItAUSU9
Igt0

MARBLEHEAD

Figure 7.

Locations of benthic sampling
stations Ín Sa1em llarbor.
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i) Table 5. Diversification index of benthos fauna
in SaLem Harbor, L972.

Depth

A1
4.2
A3
A4

1
10
20.
30

9
11
1l
L7

11
11
Lg:
18

5
11
18
18
22

10
15

j
frl

I

B1
B2
B3
B4
85,

C1
C2

20
20
10
I

1
10

9
6

.5
L4
I

30

.¡
i

¡

,.t

Ij
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Table 6. Classification of benthos fauna in salem Harl¡or.
t:
I

I

il
rt

n
tJ

ãa

il
a-ì
.l

¡

n
tJ

q
LI

r"r
.ù.

itil
l¿*

lt
f

LJ

F¡,,ì

Phylum:

Phylum:

RTÍYNCHOCOEI.,A

MOLLUSCA
Cerebratul-us SP.

Phylum: ANNELIDA
. Family:

Acmaea testudinalis
Ceras pinnulatum
Fossarus cleqans
Hvd.robia minuta
Lacuna vincta
Lacuna sP.
Littorina lir a
l,ittorina SP.
Lunatia s

sl-a hvaline
Macoma sp.
Maroarites helicina
Mercenaria mercenaria
Mesodesma artica
Moelleria costulata
Mva arenaria
Mvtilus edulis
Nassarius
Nassarius

obsoletus
triva tus

Nacula tenui-s
Nacula sp.
@sP.
Pandora qouldina
Pitar morrhuana
Polini ces SP.
Retusa obtusa
Retusa canaliculata
Tellina aqilis
Tellina sp.
fhais lapÍ1lus

Phyllodocidae

--I

:f
u

I
I

J

Eteone sp.
Phvllodoce sP.

Family: Polvnoidae
Earmothoe sp.

Family: Glyceri-dae

Family: N
clvcera dibranchlata

!

'ì
I

I

Neptrtvs bucera
WT.E. SP.
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il Table 6. Continued

{

i

.t
JI

I

'l

3

'ìt

I

Family: Syllidae
I'amily: Nereidae

Nerels virens
Nereis sp.

Family: Capitellidae
' Notomastus sp.

Family: Spionidae
Farnily: Paraonid.ae

. _Aricidea ieffrevsli
¡'amr-Iy: Lumbrinereidae

Ninoe nÍcrriÞes
Family : Orbiniidae

Scoloplos sÞ-
Family: Cirratulidae
FamiIy: pectinariidae

_Pectinaria qouldii.
Family: Flabelligeridaei*

.I
r¡

ß.l.4.t
..ð

g.!

¡t:

iT.!
r;T

{
t

,:l
.t
:i

Phylum:
Pherusa affini.s

STPTINCUT,A

Phylum: AR
Leptocheirus sp.
Carci s maenas

tea rhi
Suborder : Gammaridae

Edotea tri
Edotea sp.

Phylum:

Cçanqor-¡ septemspinosa
Diastvlus polj_ta 

.

Orchomonella sp.
Brachyura zoea

su.border: Chirid.otea

1

I

Aeqj-ne11a sp.
Family: Caprellidae

ECHINODERMATA
gtrongvlocefrtrotus droebachj_ ensi sAsterias vulqaris
Asterias sp.
Amphi_pholis ssuamata

24

I
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Table '1 . Cirlorophyll counts
October - December,

in Salem Harbor,(mglm3)
Ig7 2.

':

.t
I

:

I
t
TÍt
I
i
I

i
i
!i
I

I
I

I¡
t
¡
¡t
t

I
I
I

I
,

1

teS tion or 1i 1 cC id.s

n
r¡

'Trl

'ì
I
I

n
$
n
i.l
Lü

F,r
LJ
l"Tt.t
r8

¡¡;f
.¡

'ï
iJ

l
I

:

I

i
rnó

to/s

70/18

L1,/2

!!,/17

tt/28

t2/75

t2/26

12.13
11"33
13.30
L4.13

5.56
3 .80
5.01
5.'77

5 .39
73
o4

.58

.80

L "40o.73
1.26
1.42

1.41
1 .19
l_ .15
1 .59

1.01
o.56
o. gg
i. "09

o.2g
7.02
0.90
0.90

0. L7
0.25
0.52
0.72

0.37
0.03
o.2g
o.L2

0 .33
o.4L
0 .57
0 .36

.39

.58

.32

1.16
0.41
0.63
1.03

5.42
6.23
6.15
6.91

2..L2
0 .59
L .5L
2.63

0.41"
o.l7
L.67
0. L7

0.95
0.31
0.54
L.24

2.50
o. gL
1.47
3.05

1 .66
0.10
1.06
1."71

5.57
4.76
6.40
6.74

2.7 5
1.36
1.gg
2.29

2.77
L .63
2.73
2.52

0.9i.
0.6L
0.10
4.62

0.60
0.15
0.56
0.75

A
B
c
D

A
B
c
Ð

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

2
5
5

1
0
o
0

o.52
0.20
0.57
!.2930

0
0
0
o

-1"20
0.40
I "292.L4

94
36a

.77

0.29
0.1.6
0.49
o.44

0.16
0 .11
0.09
0 .36

_l
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recordings from April through October. Lot{est counts l¡Iere

evident adjacent to ttre discharge canal.

Figure I displays graphically the rate of decline in

Clrlorophyll A levels at stations A - D. Concurrent plankton

samples are being analyzed.

Bioass,avs.

Resulting from a series of malfunctions, delivery delays

of salt water circulating pumps, and seasonal disappearance

of reguired finfish species, thermal bioassays have been

suspended until Spring. Investigations to date indicate that

mummichogs, Fundulus Ïreteroclitus, survive temperatures to

4oC, however, become inactive. Atlantj-c silversides, Menidia

menidia, experienced 33% mortatity follor^¡ing 96 hours at 4oC.

Preliminary experiments on winter flounder, Pseudopl tes

americanus, and threespine sticklebacks, Gasterosteus aculeatus,
ï.

have been conducted. Intensive experiments will be initiated ',

in the spring to fulfil-I project requirements"

Finfish

of L0,888 finfish collected (excluding sluiceway investj--

gations) 6,924 (64%) vtere sampled in Sa}em Harbor and 3,964

(36%) were captured outside Salem Harbor (ral¡Ies I and 9).

Atlantic silversides and winter flounder predominated in

Salem Harbor, totalling 90% of the captures (rigure 9).

Atlantic menhaden, Brevoortia tyrannus, hlere most abundant

outside Salem Harbor, totalling 5J-% of the finfish sampled.

lrlinter flounder, formerly the dominant species sampled

outside the harbor totalled 16%.
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Figure 8.

Chlorophyll a eounts j-n Salem Harbor, October'- December , Lg72.L6.o
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Table 8. Rank of finfish species collected in
Salem Harbor, October - Ðecember, L972.

Method of CaPture

Scecies
50-fr
Seine

120-fL
Seine

30-ft.
'Traw1

49-fL
TrawI

ci11
Net Totals

1.
2.
3.
Á,

5.
6.
7.
g.
o

l_0.
IJ..
12.
l-3.
14.
l_5.
16.
!7.

Atlantic silverside
winter flounder
striped killifish
Atlantic cod
skate*
fourspine stickleback
mummi chog
threespine stickleback
blueback herring
northern pipefish
rainbov¡ smeit
windo,rrpane
Atlantic tomcod
pollock
ninespine stickleback
Atlantic menhaden
gn-rbby
sea raven
ocean pout
alewife
goosefish
Atlantic mackerel
northern searobin --
longhorn sculpin
silver Ïrake
striped bass
yellowtail flounder

TotaIs go8 3,376 165 2,355 LzO 6,924

657

22L

27

3 ,253
37

5

3
20
L4
37

2,269

5
47

3,937
2,325

226
98
49
48
47
43
38
31-
)^
t2

9
I
7
5
4
4
3
2
2
l_

1
i.
1
1
1

27
t4

1
45

29

31_

4

7

3

4

93
L

5

'l

_i

n
rl

3

[']

n;{
Þ¡

¡1
rJ

t
.t
l)

1

610
T2

2
L

2

2
L

I
3

1

1

1_

18.
19.

20.

2

3
3

¿

1
L

1
1

*Not separated by species
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*tr
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L1.
12.
13.

14.

15.

Tab1e 9.

es

Atlantic menhaden
Atlantic silverside
winter flounder
threespine stickleback
yellovrtail flounder
Atlantic cod
mummichog
windowpane
Atlantic tomcod
ninespine stickleback
ocean pout
cunner
skate*
blueback hering
grubby
northern pipefish
fourspine stickleback
goosefish
longhorn sculpin
American sand 1ance
sea raven
fourbeard rockling
nj-nespine stickleback
rock gunnel
seasnall
silver hake
striped killifish
striped seasnail
white mullet

Rank of finfish species collected outsj-deSalem Harbor, October - December, !g,12.

-ft 20-fr *
l_ S

ê
30-ft 49 t

l- Trawl

2
90

IO7
126

502

J-t 9
37

18
3

15
9

2

ls
L
2
3
4
5
6
7
I
9
0L

a

a

a

a

a

a

a

51
580

2

26

1

1

662

960
253
t4

1 2,OL3
923
623
J.28
1l_ 9

37
29
18
15

9
9
I
6
5
3
3
2
2
2
2
2
1_

L
1_

1
1_

t
1
1

3

2

3
3

9
6
6

2
2

2

1

1

1

2

L

L

1_

TotaIs

*Not separated by species
**Sampling terminated November 30, ]gTZ

2, 232 364 706 3,964
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Figure 9.

Length frequency histograms tor Áttantic sirversi.des
(Menidla mFnj-dig) , and, winter frour-¡der (pseudopreuronectes
americanus) collected in Salem Harbor, Oñ
December, 1972.
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i
No change b¡as noted i-n species dominance at the 50_ft

3i.

r' seine and 4g-ft trawl stations. Juvenile blueback herrirg,
Alosa aestivalis, replaced striped killlfish, Fundulus
.maìalis¿ ês a domj-nant specj-es sampled by the r_20_ft 

".rrr".Winter flounder and ninespine stickleback, pr¡nqitius punqitius,
abunda'ce at the 30-ft trawr stations hras exceeded by Àtranticsilversides and northern pipefish, Synsnathus fuscus.
Atrantic cod' Gadus morhua, dominated November and December
catches by gil1 net (TabLes 10 14). Specj_es diversification
remained greatest at the 30_ft. trawl stations (fable 15).

Fourbeard rockling, Enchelvopus cimbrius; white

I:J
-1il
.t
r-ì

I

1
¡

rt
'*iJ

Í'
t

f:-l
!, 1
'Fåt

-.!
r

'l
1

Muqil curema; northern searobin, Prionotus c nus
stri

Slui I ti ti e

mullet,

and

:t

ped seasnail, Liparis liparis, collected for the firsttime this quarter, brings our classification listing to50 (table r-6) - Table L7 compares speci-es occurrence in
Beverly - Salem Harbor for 1965, LITI¿ êrrd !g72.

Unit 3 and 4 intakes hrere monj-tored for 94 hours (Table 1g) .of 23L finfish captured, (22 species) 7g% were corlected fromUnit 4 and 22% were taken from Unit 3.
Cunner, Tautoqolabrus ad,spersus, Atlantic menhaden,

rainbor^¡ smelt, Osmerus mordax, and Atlantic silverside h¡eremost co¡nmon- sixty-four percent of all finfish sufferedmortality from entrapment and/or impingement upon travelscreens- Mortality from unit 4 was greater than from unit 3,.
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striped killifish
(Fundu1us majalis)

lw

Tal¡le 10. Dominant finfistr species collected in Salem Harbor
with the sO-ft sej-ne, October - Decàmber, !972.

Atlantic silverside
(Menidia menidia)

mummichog
( Fu¡rclt'.lus heterocli tus)

Set
Ðate No.

rc/Lo

L2/5

to/6

17/6

12/s

rc/Lo

tr/6

TotaI
Collected

142
30

2
7L

L
23

1LB
4

26L

Size
Range

(mm)

40-69

70-84

45-129
45-139

40-L49

oolro¿

35-L04
20-89
55-L24

Size
Range

(mm)
Total

Collected

22L

Size
Range
- (mm)

45-94

Mean
(mm)

54

75

7T
70
80
74
62
81

75
50
B6

Total-
Collected

Station 11

2

Station 13
T7

1

Station l-5
3
4

25--34 30

30-59 42
37

45-54
40-54

50
47

Mean
(mm)

Ifean
(rmn)

'ti

1
2
2

1
2
¿

2

3

l_

z
L'-
2
1
2

,.À,

t\)
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Tal¡le 11. Dominant finfish species collected in Salem Harbor
. hrith the 72j-f.t- seine, October - December, 1972.

L ;J -r i , 'l rrftl I -,l

,J

Set Total

Atlantic silverside
(Menidía menidia)

Size
Range Mean Total

blueback herring
(Alosa aêsti-vaIis)

Size
Range

mummicl.og winter flounder
(Fundulus heteroclitus) (Pseudopleuronectes

americanus)

Mean Total
Collected

Sj-ze
Range Mean . Total

Size
Range It{eal

Co CoI cted

Station 11

7 60-Lo4 79

Station 13

29 50-99 74

Station 15

a2

L0 3s-49 4L

67

Col

70/1,r
tL/L7

t2/4

Lo/LL

tt/17
L2/4

t2/4

11s
26
55

3

29
248
673
7s5

367
982

40-L44
60-l_49
70-134
65-79

45-94
40-124
50-t44
50-154

60-LL4
75-159

69
87
95
72

68
74
76
80

80
t l_1

1
1
2
L

L
2
t_

2
i.
2

5
4

30-54
45-A9

49
6J.

3

6

2
l_

55-69

65-99

55-84
50-79
70 -84
65-84

95-114

75-79

62

78

5
1L

2
3
1
3

1

66
73
77
72
62

3.O2

77
L921

1
2

(¡)
(¡)



Tab1e 12.

AtLantic silverside
(Menid.ia menidia)

Size
Range

L_*-i i*"'J ilJ i' : LJ i;;l
Ì

fourspine stickleback
(Ape1tes quadracus)

Si-ze
Range Mean

-j í. ' '-l :-' I f::j*I . '- ì

Size

\
s

Dominant finfish species corlected in sarem Harborwith the 3o-ft traw1, October _ December, Lg72.

northern pipefish
(Svnqnathus fuscus)

threespine stickleback(Gasterosteus aculeatu

Set Tota1 Mean Total Size
RangeTotal Mean Total R

L1/7

t2/B

10/20

tL/7

72/8 1

l_1
6
I
2

1

23
3

T2
2
2
2

1

1
2
2

1
2
1
2
1
2

9

1.4

85-1 09

80-LL9

96

101.

I Stati-on 12
42

Station 14
30-57
25-44
30-54

32-62
42-59

130-154

LO7 -L92
35-174

115-l_ 94
130-149

1

L3 50-74

3
L

Mea

52

58

67

3 95-L17 109

43
35
46
42
47
50

1.44
L27

L i.9
101
160
140

14 40-64 sl

52

(,
È
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Dominant finfish species colrected in salem Harborwith rhe 4e-fr b$t;-õãtãà"" _ December, !s72.

. winter flounder
( Pseudopleuronectes å"".i *l

Tåble L3.

te
Set
No.

Total Size
Range

(mm)
Mean

1
2
i.
2
i.
2

i
il
il
tJ

jl
:J

t
t
r
I.
t-

il
r''l

J

I
t

J

Col lected
nun)

to/24

7L/zt

t2/LL

Station 16
684
773
341
426

23
22

320
319
31.0
295
320
292

i.80-489
1.60-s44
zto-514
195-469
280-384
2!O-394

} Table 14.

D te

tt/zo

t2/7

Station 20

Stati on 2t

Dominant finfish species cor-lected in sarem Harborwith gi11 nets, ociobei-_iecemoer, Ig72.

Atlantic cod
(eadus morhua)

TotaI
1

Size
Range

2e,0-419

300-754

Mean

346

382

83

L0

I
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Table 15. Diversification index of finfish species bymethod of caoture, sa1;; ãar¡or, october _Ðecember, IgiZ.
--ì

,l

L1

I

D

10 6

50-fr 120-fr 30-fr
t 49-fr GiIl

7

7

7

i.
9

9

6

20
L

0
0
0

1

1

L
L

[]

l
i3
I
L¡

ir
t

ar¡

'. {
J

5
1

1
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ii ' CLassificatic,n of additional_ finfish .species
c.ollected in aeveriy-: ;;ï;* Harbor.

Table 16.

Class: OSTEICHTTTTES
Order: GADÏFORMES

it.l
:

il
rI
;l
:-ì

.J

t
t
r}
fi
it
J
!Ê1.

åj

't
i

FaùiIy, 
- Gadidae cod,fishes

order: n"ffiS* c;m¡iiqg-'liirrr,"..r") fourbeard rockrins
FamiIy: .Muqilidae _ mulletsMuoi,! rylgF Vatenclennes _ white mulLetF arni IF-TrEIñãe' _- 

- 
s e ar ob i n s

"*,',ffin#1nil¡*ål ;"ä"Ill;ii, ffHobinLiparis riparis -Ìr,i""""iãi-_.=åæ1ped 
seasnail

'¡-.¡
çi

;Ì:
rd

:
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Table L7. Finfish species occurrence in Beverry sarem Harbor, L96s, Lglir, and L972.

Species Jan Feb lvlar Apr May ,.ïune Julv Auq Sept Oct Nov Dec
alewif e

American eeL

American sand lance

Atlantic cod

Atlantic Ìreming

Àtlantic mackerel

Atlantic menhaden

Àtlantic moonfish

Atlantic silverside
Atlantic tomcod

bay anchovy

blueback hering
bluefish
crevalle jack

cunner

flying gurnard

fourbeard rockling
(¡,
@



Table 17. Continued

- .L [".,"..".^; L*'J . fu;J t t**J i*J

Jan Feb Mar Ar¡r Mav .ïune

I
L-.,^.".,,

,l f":::l . , j

Sept

-iJ: :.:'l

ec].es

fourspine stickleback
goosefish

grubby

haddock

longhorn sculpin
lumpfish

mackerel scad

mummichog

ninespine stickleback
northern pipefish
northern searobin

ocean pout

pollock

rainbory smelt

red hake

rock gunnel

rough scad

Julv Auo Oct Nov Dec

(t
\o
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Table 17. Continued

Stìê aries
)'L tfi ¡í

.lr¡ lv
7 rT

ôo{-
\{:

Jan Feb Mar ÀDr Marz .Trrne
¡,)
rrcr Sent Nov 'DecA

sea raven

seasnail

shorthorn sculpin

silver hake

skate*

spiny dogfish

striped bass

striped killifish

striped mullet

striped seasnail

threespine stickleback

white hake

white mullet

windæpane

hrinter flounder

yellortail flounder

separated by species

L972
L9?1 (Sampling conducted from July - December)

Èo
1 965
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0Lo0 300 0500 0700 0900 1100 1300 150 1700 900 2 00
o30o 0500 oToo 0900 1100 L300 1500 l-?o 1900 2l_00 2300

High LC'hI High 'Lot"¡

Unit 3
l-

2
41

--:1.ì i-- I

TOTALS*

(7)
(1)
(21
(33)
(1)
(3)
(2)
(4)
(2)

Tal¡le L8. Finfish species collected in the Unit 3 and 4 sluiceways,
Salem Harbor, October - Decentber, 19"12.

Octobg¡_.!l
(Esr) 3i33
Tida1 --T-
Stage

0
o

Species

Atlantic menhaden
Atlantic tomcod
northern searobin
striped killifish
winter flounder

Atlantic menhaden
Atlantic silverside
bay anchov¡¡
blueback herring
cunner
grubby
moonfish
mummj-chog
northern pipefish
rainbor^¡ smelt
sea raven
striped killifish
white hake
wi-nter flounder

L

1

l_

5
2
t
3

t2

3
2

3

(4)

1
1 11

L
Unit 4

12 ( 1s)
3
L

L
1
5

1
L

1
L

2
L

L
1

L5
I
1
2

33
1
4
2

16
2
L
3
1

13

1

1

1

I
3

1

2

1

7

2
L
1

21 1lLL221
1

6
l-
3 6l-

(
(
(

)
)l_

2
1
9

È
F
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Table LB. Continued

(Esr)
Tidal
Stage

L4

Hiqh

November 15ffi

t-J L:l *'J[rJ l"' I

'\j

0 o 0400 0600 0800
HiqhLot¡ Low

*

Unit 3

Unit 4-r r

1
10

L
L

12 )
)

(1)L

3
L
1
I
l_

1
1

2
2
1

L2
1
l-
1
3
1
L
L
7

L6
3

3
1Atlantic menhaden

Atlantic silverside
blueback herring
grubby
lumpfish
rainlcor^r smelt
threespÍne stickleback

American eel
Atlantic menhaden
Atlantic silverside
Atlantic tomcod
blueback herring
cunner
fourspine stickleback
grubby
mummichog
ninespine stickleback
northern pipefish
pollock
rainbov¡ smelt
threespine stickleback

1

1_

l-

1

1

11

)
)
)
)
)
6)

)
)

)
)
)

(
(
(
(
(

2
1.

2
L
1

2
1
1"

l-
2
1

2

1
2
1

1

1

(
(
(
(
(
(

1

1
6
3
2

1
2 5

1
3 l-1

È
N
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December 72 December 13

a)*
Table 18. Conti_nued

Speci-es

blueback herring
grubby
silver hake
winter flounder

Atlantic menhaden
Atlantic silverside
blueback herring
grubby
lumpfish
northern pipefish
winter flounder

(nsr)
Tidal
Stage

l_800
2000

2000
2200

2200
2400
Low

2400
o200

o200
0400

0400
o600
High

1

0600
o800

0800
1000

1000
1200

Low

L

*

Unit 3
1
1

2
L

L
1
1

1
l_

6
3
L
2

2
2
3
l-
1
1
3

1

1

1

1

(3)

Unit 4

i_

2

L
l_

i_

1

(
(
(
(

1

1

)

)
)
)

2
2
3
1

(1)

È(,
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o900
1100

Table L8. Continued

-721L L2/5

I t-*i L;J i-- l

0700 0900 l_100 1500 1100
0900 1100 1300 1700 1 300

t2/6 L2/14 L2/2o L2/2o t2/2L r2/2e
o900
1 100

TidaI
Stage high +2

(Hours)

Ti

o700
0900

i::J üJ] -*l ì:;¡ :r

TOTAI,S*

(3)
(2t
(1)
(1)
(6)

lor^r +51 1o¡¡ +3 high +3 high high +Lf high +4 J.ov¡

Speeies

Atlantic tomcod
blueback herring
grubby
threespine stickleback
winter flounder

Atlantic silverside
blueback hering
grubby
rainbov¡ smelt
threespine stickleback
winter flounder

* Nuniber of dead finfish shown in parenthesis.

Unit 3

Unit 4

1
3

1
3
L
1
1

1
1

1

1 2

L

1

3
2
1
L
6
21

1

4

l_

1

1
L

ÀÈ
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74 å.nd 26% respectively. fhis three-fo1d dífferential j-n

mortality may be associated with the 50"/. greater intake water

velocity f or Unit 4 (.97 z I .47 fps MtVt) . Although adult

flnfish were observed,, juveniles appear most susceptible to

entrapment and subsequent death (figure 10). Approximately

42% of, aII finfish were captured between 1400 and 18OO EST

(rigure 11).

Lobster Tagginq

LobSter tag returns. reached 149 (30%) . Fi-shing intensity

d.iminished throughout ttre area and is not expected to resume

until March. Approximately 500 additionat sub-Iegral sized

lobsters will be tagged in the sprj,ng.
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Fi-gure Lo, 
46

Leng-t-h frequency -histograrns for domirr"rrl finfish species colrected.in the Unlt 3 and 4 sluico,vays, Sa1em Harbor, October _ December, !g72.
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Percent of finfish taken at various hours in the unit 3 and 4
sluiceways, Salem Harbor, October - Ðecember, Lg':-2.
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SUMMARY

l{ith t}re exception of difficulties encountered with our

continuous recordlng thermographs, and derays hampering

thermar bioassay experiments, fierd sampling is progressing

smoothty and,with increased impetus.

Our study area boundary r,r¡as redefined to a1lor,,¡ for greater
concentrated effort in the immediate vicinity of the sarem

Harbor por{¡er station. Effects from the operation of generating
units L - 4 rr/ere not detected outside Salem Harbor during the
first LB months of investigation. Additionar bottom trawr,
mid-water trawl, and giIl net sampJ-ing sites Ì\rere established.
!{ater quality analyses }¡as expanded to incrude data on

nitrites and phosphates.

At the request of the New England pol,¡er Company, amend_

ments to our proj ect contract r¡¡ere draf ted and submitted for
review. Recommendations for increased sampling were included.
It is requested that. the Technical Advisory Committee review
our recommendations before implementation.

Follo¡¡ing two temperature profiling surveys in the intake
area, it is recommended. that a permanent continuous moni-toring
probe be installed 10 ft east and -g.0 ft. MLw of the center
Iine of the Unit 3 intake screens. Ttris location will provide
more consistent record.ings of ambient r,,¡ater Lemperatures for
Salem Harbor than currently observed.

.Future rRT ftights of the area can be derayed in rieu
of intensified subsurface temperature sampJ_iúg. Earrier
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reconnaissances htere essential in determining surface thermal

O:-ipersion at varj-ous tidal stages. Once Ídentified., however,

emphasis shouid be directed, tor^¡ard temperature profiling and

relationship to current direction and velocity. such surveys

are planned during the next quarter.

Benthoslf.rrrr" ras greatest in July when diversification
at 9 stations increased, in magnitudes of 6 to 260%. A 44%

reduction in diversity at the statiön closest to the pohrer

plant d.ischarge wiII prompt closer examination.

The sirtation'buildup occurring at the harbor end of the
discharge canal appears to have no adverse bioiogicaj. effects.
citation of this occurrence in our last report was only to
arert individuars interested in the canal maintenance of
possibre long-range effects. Àrthough not documented, it
appears that shallowing- of the south end. of this canar is
foreing hrarm discharge water to the surface, thereby suppre-

menting heat d.issipation and sLratification.
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ERRATA

The follo,ving comections should be noted in progress

Report No. 4, October, L972.

1. Page 6, Table 2, Stati-on C, 14OO EST. S'bstítute
29.7 for, mid-depth salinity.

2. Page_7, Tab1e Z, Station D, 15OO EST.. Sr¡bstitute8.0 for mid.-depth temperature.
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SAMPLTNG PROCEDURES

CHLORINI TY

Field Co llection: 300 m/sample of sean"¡ater.

Laboratorv Analvsis: Modif Íed Knud.sen method, from
Strickland and Parson (1968).

SALTNITY

Field Analysis:
calibrated from 0

Dj-rect read.i-ng from a G.M; hyd.rometer,
- 45 O/OO. '

TON

Fie1d Analvsi-s: HacÏ¡ Ctremical Company test kit,
Model l-7-N.

Samples collected. from May 15 - December L, j-972
were analyzed wlth a Hach test kit, Mode1 CA-10.
Prior to May 15 a Kontes mini-pH meter uras employed.

CARBON DIOXIDE

Fie1d Analvsis: Hach Cl¡emical Company test kit,
Model CA-10.

DTSSOLVEÐ O)çYGEN

Fierd. correction: 300 m/sample of seawater fixed with
1 ml manganous sulfate reagent and. 1 mr arkarine iod.ide
reagent.

Laboratonz Analvsis: Titration by lüinkler method.

BIOLOGTCAL O)CTGEN DEMAND

Field Collectlon: 300 mlrlsarnple of seawater.

Laþoraforr¡ Analvsis: Titration by lrlinkter method follor,ving
7-day incubatlon.
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COPPER

Fi e1d Coll on:

Ilection: 300 m/sample of seawater.
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lvater - 1 liter/sample collected in a nargene bottre.
Soft shell clam - 6rlsample, approximately 2,, in length.
Lobster - l/sample, approximately 3" in carapace length.

s: Utilizi ng a modified Strickl_and
Parsons 1 68 method, the soft portions of clams6 grams of lobs ter gills are d.igested. and analyzed.

NTTRÀTE

L

Field Co

L
method rom S

e Ultraviolet spectrophotometric
Methods (197i.) .

}

FieId lecti 300 mt/sample of sea\.,¡ater.

a i-s: Mod.if ied Griess Diazo reactionfrom Gr ess L

ÏNORGANTC PHOSPHATES

Fie llecti 300 m/sample of seawater.

: Colorimetric d.etermination of

NTTRITE

BENTTTIC

a sLs

a

red phosphomolybdate complex from Fiske andSubba Ron¡ ( l_e2s)

Field correction: Benthic argae and invertebrates aresampled at sites serected at various depth contours.
Quadrats are established by attachlng j Lz-fL line to thesite marker and srn¡inging a-circle of -i_o-ft. raaiul. -n 

"first quad.rat is }ocated Z ft from the marker, and
subs-equent quad.rats are located 2 fL and zoo counter-cloclsrise from the former. Ttlis procedure is repeateduntiL 5-l/4m2 samples are colrectèa within each circre.samples are stored and. frozen in plastic bags untilanalyses.
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PTANKTON

Fie1d Collection: Phytoplankton and zooplankton are
collected in an 80 micron mesh nytex plankton net.
lows are made for 2 minutes at selected sites and
strained water volume is recorded on an 8.5 cm T.S.
flow meter attached to a one meter rj-ng. Samples are
transferred to 250 mI nalgene bottles containing
a 5% glutaraldehyde solution, and refrigerated until
analyses.

CHf,OROPTÍYLL

Fie1d Collection: Surface seawater is filtered through
a ¡f6 micron mesh nytex cloth into a one gallon nalgene
bottle and stored. in a light-proof box for transport
to the laboratory.

Laboratorv Analvsis: Samples are stored in a cool dark
pry eight hours from collection. Estimation
õf extracted algae celI pigments is made spectrophotometrically
using the SCOR/UNESCO method outlined by Strickland and
Parsons (1968) .

FINFISH

Field Collection: Duplicate sets are made at selected
sites with gear of tt¡e follo¡'¡ing desing:

50 x 4 ft seine, with L/8 i-n mesh;

l-20 x I ft seine, with l-7/2 in mesh wings and
3/4 in mesh bag;

30 x 25 ft trawl with l-l/2 in mesh wings and.
1 in mesh cod end;

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

Seines are set parallel to shore with the aid of a skiff
and d.rawn to the shore by tines of approximately 75 ft.
Trawl cruises are along a fixed course. Vfhere obstructions
occur, cruise lines are altered. Fishing time is five
minutes with the 30 ft trawl and 20 minutes with the
49-f.L trawl.
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cilI nets are set at serected. sites for 24 hours. Arlgitr nets are constructed of monofilament and. measure
100 x 10 ft. Stretched. mesh size ränge from l-I/2 to3-L/2 ín.

Finfish èolrected are separated by species, enumerated,
and. measured for total 1ength in miflimeters.

SPORT FT SH SUR\TEY

Startinq Date:

Endinq Date:

FISH EGG AND LAR\A.E

mid-April

mid-October

Area: Sa1em Harbor, inslde or west of a line drawn betweenFort Pickering Light on winter rsrand to Naugus Headin Marbl-ehead; and the easterly shorelines oi Winter Is1and
and Salem Neck from the Fort pickering Light to, and'including, the public pier at the north ena of Salem Neck.

Pro ure: Instantaneous fishermen counts are conductedthree times during each survey day at randomry selected
trours.

Fj-shermen interviews are conducted throughout the surveyday- survey data is recorded on f,orms piovided for a
minimum of 1-0 percent of alr shore and Ëoat fishermen.

child.ren who are fishing are incruded in the instantaneous
counts, and a separate tally noted. C,lxild.ren are not,interviewed when- fishing in the accompaniment of anadult.
sch-edule,: one weekday and one weekend day is surveyed
each week. All holidays are surveyed.. serection of day,
and 8-hour shift (0 2 or Lo 6)-, is made at randomat 4-week intervals. changes in routine are mad.e onlyat time of sched.ule selections.

W: Procedures employed in collecting andhandling fish egg and larvae are-idènticar to plankion,
except for use of a L53 micron mesh nytex net.

i
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SLUICET^IAY ÏN\ÆSTIC.ATTONS

Field Collection: Finfish, invertebrates and marine
vegetation are sarnpled in the intake sruicemrays to units3 and 4. Traps, constructed of t/2 ín werded steel rod
and covered with 3/16 in stretched mesh nyron net, areperiodicarty praced in the respective sluiceways for onehour intervals. A1I organisms are ldentified, enumerated.
and measured. I{ater temperature and salinity is recordedduring each sampling intèrva1.

LOBSTER TÀGGING

FieLd correction: Dlvision personner, aboard comnercj_alvessels, collect sub-Iega1 sized lobsters (g 3_L/e in)from Beverly and Salem Harbors. Lobsters are then transferredto a Di-vision boat or returned to our cat cove Lalroratoryfor tagging with a fluorescent, orange spherion tag.
Tpqgi$q Procedure: Tags are attached by securing astainless steel anchor (.014 dia.) in the body.muscre
beneath the abdomen with the aid of a #20 hypódermicneedle. Each -tag is imprinted with a number and the legend
"Div. Mar. Fish., salem, Mass." Tagged robsters are then
rereased at serected sj.tes in BeverÍy and salem Harbors.sex, carapace length (in millimeters), date, and releasepoint are recorded.

Return ure: fhrough a public avÌrareness program,
letters to commercial lobstermen kno,r¡n

Salem Harbors; distribution of posters
forms; and articles in the 1ocal nel'rs
are requested to return lobster tags

or to a cooperating fish dealer. å,ll
ledged in writing, and tags are placed
ng the point of capture. Records are
and movements of each recapture.

l_ncluding personal

THERMAL BTOASSAY
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to our laboratory
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Fierd collection: Finfish species are corlected by seinesffi-rrspoitãa tó trre lal¡oratory in aeratedcontainers of seawater

Laboratorv Experiment: Forlowing accrimation to roomtemperature (about lgoc) , 96 houi tolerance levels
f_or each species are determined for abrupt and gradual
changes in water temperature. Effects aie noted for
each SoC gradient ovèr the range -L.O to 32.0 oC.
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Purpose:

Procedure:

TTTERMAL IOASSAYS

To determine upper and lower thermal tolerance
limits of certain fínfish speci-es. Experiments
will determine effects of thermal shock through a
t16.soc (3OoF) range following acclimati-on to
temperatures approximating high ambient, 2l.OoC(70oF), and low ambient plus the operating¿T
of the p1ant, l0.Ooc (50õF); and eifects of
grad.ual change varyi-ng to tL6.5oC (gOoF) of
15.50C (600F).

The following, outlj_ned from Standard Methods (Ig7L) ,will prevaj-1 throughout all experJ_ments.

L. 96-hour flow-through bioassays.

2. 20 finfish of same species and of unj-form size(largest <l-.5 times the length of the smallest) .

3. Total weight of all fish will not exceeð, lg/l
of test water.

Water depth in test tanks will be >1"5 cm.

Test fish will show no signs of disease or
abnormalities.

Finfish will be acclimated for 10 days prior
to experiment, Incidence of disease or death
among accllmatized fish, within 4 d.ays preceding
experiment, will be <S%.

'7 . Finfish will be fed at least 3 times/week and
all nonconsumed food will be removed at end of
day. Test fish will not be fed during experiment,

8. Individuals of each finfish species will be
utilized for only one experiment and wiII
subsequently be released or disposed thereof.

9. Unnecessary hand.ling of finfish wiII be avoided,
Transfer frcm reserve to experiment tanks wiII
be by dip net.

l-0. Dead finfish will be removed at each cheek
interval,
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l-1. controls will be maintained for all experiments

and performed in exactly the same manner as the
test. Mortality of >1O% in any control wiIl
invalidate the respective experi.ment.

t2. Temperature adjustments will approximate l_oC
(2oF) per day. Temperature duiing experiments
will be maintained. at t0.3oc (O.soF).

13, In thermal shock experiments, controls will be
maintained at 10.OoC (50oF) and 21.ooc (TOoF).
fn thermal tolerance experl-ments a reserve of
finfish will be maintained at gradual increases
from 21.OoC (ZOof) and decreases from 10.OoC
(500F).

1'4. Temperature bracketing is permitted to estabrish
tolerance ranges. Experiments of 1oC (2oF)
j-ncrease or decrease will be performed at thermal
extremes.

15. Data will be recorded on bioassay record sheets
(sample attached) and will incluãe:
a.
b.

d..

ô

f

g:.

Date and starting hour of experiment
biologist or technicianrs name
temperature of experiment water (tO.goc)
Test species¡ sourc€ of supply, mean 1ength
and mean weight (determined only upon death
or termination of experiment), condition and
behavioral observations (symptoms of distress
and loss of equilibrium)
daily physical and chemical properties of
test water (temperature, salinity, pH
and. d.issolved oxygen)
percent of finfish survivj-ng at 3, 6, 24,
48, 72 and 96 hours
results expressed in tolerance limit (TL).





BIOASSAY RECORD

Test: ï¡'iater Temp:

Biologist:

Starting Date:_ Startj_ng Time:- ----a

Ending Date: Ending Time:

Test species:

Source of supply:

Mean length (mm) : Mean weight (g) :

EXPERTMENT

6 48 72 6 (Hours)

Percent surviving
Temperature (oc)

salinÍty (o/oo)

Do (ppm)

pH

CONTROL

oc

a-r't
1*I

'ì.t
t

c'
I't
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t:i
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a
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J

36 24 48 72 96 (Hours)

Percent surviving
Temperature (oc)

salinity (o/oo)

Do (ppm)

pH

REIT{ARKS:
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