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1.1

ON

fhe forlowing is the sixth quarterJ.y progress report of
research performed by personnel of the Ðivlsion of Marine

Fisheries operating under contract DMF-2-72 with the Ner,r¡

England Pcü¡er company. rncluded are data collected from
L ,.Tanuary through 3L lv1arch L973.

Amend.ments to our original contract of. 7 october ]-g7J,

will be executed in April. Modiflcations inctude intensified
sr-rbsurface temperature and current monitoring; ct¿ and ATp test.s
to determine effects of prant operation on entrainment, primary
production, and total biomass; expanded entrapment and impinge-
ment studies; increased benthic sampring; and exteneion of
project duration by three months to facilitate two fult years
of increased sampling intensity and. frequency outrj-ned in
Progress Report No. 5.

Delivery of one Endeco 110 remote reading current meter

and two Endeco 109 recording thermographs was accepted.. Two

General oceanic thermographs r4rere returned for full cred.it due

Lo mechanical failure.
Íhrough the auspices of the cooperative Fisheries unit,

University of Massachusetts, automatic data processing is being
incorporated j-nto our project routine. Initial entry includes
summarization of lg72 sport finfish data, but wirr expand to
include arl chemical and biologicar corlections.
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2.1

2.O PHYSICAL TN\ES TI TTONS

2.1 rent

Personnel are familiarizing themselves with a newly

procured Endeco LLO current meter. Transects have been estab-

lished ttrroughout Salem Harbor in preparation of determining

tidal current patterns in the vicinity of the plant intake

and discharge. sampling will be initiated during April.

2.2 Temperature

. Average surface water temperatures for the quarter

declined 60 to 4oC. OnIy routine monthly sampting rltras per-

formed, with temperature profiles reflecting isothermic con-

ditions. Endeco 109 contj.nuous recording thermographs replaced

tÏ¡e General Oceanic instruments at Stations C and D (figure 2.L).

Daily recordj-ngs were collected at Statj.on D from 2 March

to 29 March. Vtind and tide action upon the Station C mooring

buoy caused the collection of illegible data. Temperature

data at Stations A and B is monitored by porlrer plant personnel.

FJ-gure 2.2 displays the average weekly surface water tempera-

tures at Stations A - D.
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Figure 2.L. Locations of hrater quality and
finfish sampllng stations ln
Salem Harbor.
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Figure 2.2. Surface water temperatures recorded at stations
A - D in Salem Harbor, January - March, 1973.
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Units I - 4 generated less than fulI Mtf capacity during
January while NEPEX hydro plants met system d.emands. Unit 2
received annual overhaul from l-3 January to 24 February,
and unit 4 was shut down for maintenance during mid-February.i.:

Note:
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3.0 CAI, TNVESTT GATIONS

3.1 Tta Oualitv

Weekly sampling was initiated at Stations E artd F, located

on the ptarblehead and Salem shores, respectlvely. lilater

quality throughout the study area ranged accordj-ngly: surface

water temperature, . 2-o - 16.0 c; surface salinity, !7 '4

33.0 O/OO; pH, 8,0 8.5i carbon d'1oxide, 5-O L0.0 PPm;

dissolved oxygen, 9.2 13.1 ppmt biological oxygen demand,

0.5 7.8 ppm; nitrite, 0.1 3.4 ¡rg-atom,/I; nitrate, 6.5

129.0 ¡¡g-atom/L; and ptrosphate, 2'.2 59,2 ¡g-atom,/I (table 3.1) .

Little variartce is noted in water quatity when compared

to data collected from January through lvlarch :*g7'2 (ta¡te 3.21 .

Surface water temperatures indicate the influence of slight'Iy

cold.er water, and the lon¡er salinity reading (L7.4 O/OO)

reflects excessive storm d.rainage at the. recently established

Station E on L5 January. All other salinity recordings for the

quarter 1n¡ere above 26.0 O/OO. Minimum and maximum nitrite and

phosphate values for October througtr December 1972 have been

converted. from ppb to ¡rg-atomr/I. Water quatity values record'ed

during the past 18 months have not been timlting factors to

marine life in Salem Harbor.

3.2 Hearn¡ Metals

Copper concentrations in soft shell clams, MYa arenaria,

ranged from 2.2 - 6.7 ppmt norttrern lobsters, Homarus ameri-

, varied from Lz.o 50.6 ppm; and water ranged from

O.OO1 to O.Oi.4 ppm (Tab}e 3.3) . Ðuplicate samples, collected

n
r

i

i-ìr¡
È¿

ì. rlf:*
t,.ç¡a

E
l3

"f'l
i{i

Í-:ì
iT
É..¡

!ç
i. i'i
É

r.!
-!

'';



l {-...;l I.. I ç;ä¡ lP;# t#iå ffil f.:."-l r:t r :-'*1

No2-N No3-ñ ñ4-P
r¡-ai'.ocJ\-

r-:l I:]

Table 3.1. Continued

SAMPT,E
NTTMFIRR

TIDAL
TIME STAGE

I FISTI IHOIIRS)

WTND CLOUD
DIR/VEL COVER DEPTTI TEMP OC

FEET Þ I^tÀ TER
SALINITY

I o/oo )

02 tsOD
I lnnm) lnml

co2
lMÞr¡l (q^l ( rr¡{ (DATE

r/2
r/70
1/16
r/ 23
t/30
2/7
2/L6
2/27
2/26
3/8
3/L4
3/Le
3/2s

1 200
1 250
14Ls
l-4 s5
11,o0
L245
0930
1105
1,100
1 250
101 5
1115
1305

r230
1350
1400
14 00
Lt20
1 230
o94 5
1030
1120
L240
1005
1140
7250

hish
lcrr.¡

sw/7s
sw/78
sw/to
Nw/16
svlo
NE/B
t{w/74

o
o

s/6
o

ñw/9
E/5

sw/14
sw/L2
sw/17
Nvls
sw/72
NE/8
ñ/e

0
0

s/5
0

Nvl3
0

100
o

10
90
10

100
100
100
100
100
100

20
70

31 .6
3t.2
32.6
31 .8
31 .1
31.2
30.4
31.O
3L.2
30 .8
30 .8
30.5
30.5

9.8
11.0
11 .3
10.7
10.6
LL.2
11.1
10 .9
10.6
10.4
11.1
10 .6
10.8

40.
43.
46.
45.
32.
33.

o00797
00081 1
000825
000840
00084 5
ooo867
oo0879
OOOBø
ooo898
000915
oo0656
000668
ooo688

0007 98
000814
ooo824
000838
o0084 6
ooo866
oo0880
000887
000899
oo0916
ooo655
ooo669
ooo687

low
1c'r¡
Iow
high
low
high
high
lov¡

high
Iow
high
low
high
1ow
high
low
hl-qh
lov¡
high
hish
low

+2\
{4
+s!
+\
+3
+5
+5\
+3
+5,
+5\
+3

high
hiqh
hish

s
s
s
s
s
s
s
S
S
s
s
s
S

S
s
S
s
s
s
s
s
s
s
s
c

S

28.Station C

2.5 5.5

4L
35
16

31
34

2.5
1.5
3.O
2.O
2.5
3.0
4.5
2.5
6.O
6.5
4.5
7.5

-2.O 1 .5
6.5 1.s
7.s 3.0

-8.5 1 .5
2.5 2.O

-1 .O 2.O
6.0 3.0

-2.O 3 .5
Lo,0 6.o
6.O 6.O
4 .O 3.5
5.5 9.O

-2.O
7.O
8.0

-9.0
2.O

-o.5
5.0

-1.0
11.5
6.0
5.0
5.0

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

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

10
10
10
10
10

5
10

10
5
5

10
L0

5
5

8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5

8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5

10.
10.
10.
10.
10.

24.
22.
59;
L7.

1.9 r.23
2.3 0.10
2.6 2.OO
2.5 1 .38
2.4 0 .23
2-7 0.41
2.4 0 .57
2.9 0.67

o -42

3
6
I
2
3
9
9
5
1

6
2
o
2
9
1
I
9
I

7
5
3
2
I
4
2
o

4
7
o
6
5
9
5
4
3

19.

2.2
2.5
2.O
3.8

0
0

60
61

2.
16.
2L.9

.3 11 .4

.3 13.O

100
0
o

'10
l-0

100
100
100
100
100
100

10
70

10.
10.
10.
10.
10.

9.
1r..
11,
10.
10.
10.
10.
11.

I .13
o.10
1.43
o.92
o.47

Station D
2.5 5.0 4

1
3
6
7
7
9
3
5
4
1
J

3

t.2
2.6
2.4
2.7
2.2
2.6
2.6
,o

1.8
2.6
L.B
1.7

43.
45.
50.
45.
33.
37.
46.
33.
25,

27
27
21
29

3
77

3
t7
2A

t/2
7/to
r/r6
r/23
1/30
2/7
2/16
2/2r
2/ 26
3/8
3/14
3/Le
3/ 2e

+3
+5
+5
+5
À2

+4\

\
+

31.4
31 .1
31 .6
31.4
30 .7
31 .4
30 .6
31..3
31 .5
30.6
30 .7
31-.0
30.5

0.33
o.72
o.67
7.25

+2
+5
+5
+3

10
i,o
l-1

,4

\
0 .60
0.53

31 .4
32.9

LO .9
14.310.

L2.

(!

(t
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Table 3.1. Water quality data for Salem Harbor, January - March, 1973.

äJ fî*l -:*-

NO2-N No3-òT Ft,4-P
ra-al.ar /!

1-:1

SÀMPLE
DÀrrlF NITMFtLAll

TIDAL
TÏME STÀGE

I F:s'¡ì lr¡rìÌrps ì

WTND CLOUD
DLR/VEL COVER DEF{IH TEMP oC SÀLrNrTy CO2

lMÞr¡ì (6/^\ IFEETì ÀTf¡ r^rÃTErE¡ ln,/ôôì ¡Ì{ l¡nmì
Oo

I n¡mì
BOD

f nmì

Station A
.5 5.5L/2

t/7o
r/76
r/23
7/30
2/7
2/76
2/27
2/26
3/8
3/14
3/te
3/2e

L/2
t/$
L/L6
r/23
L/30
2/t
2/r6
2/2r
2/26
3/8
3/t4
3/Le
3/2e

oo07 96
ooo81 3
000823
ooo84 1
o00847
oooB65
ooo877
000862
000897
000913
ooo6g
ooo666
ooo686

ooo795
00081 2
ooo826
ooo839
ooo844
ooo868
ooo878
000863
000896
ooo914
oo0657
oo0667
ooo685

I245
1420
1340
1.520
LL{5
7200
o905
1115
104 5
1130
1000
1015
L2TO

114 5
13 20
1430
14 30
101 5
1310
0920
11 35
1000
134 5
1020
1040
1120

high
Iow
high
hiqh
high
lor¡
Iow
lcn¡
hiqh
low
high
lø
hish

+2
+5\
+5
+1
+3à
+4
+5
+3
+4\
14
+3
+5
+5

\,

,
\\

.o
o

sw/7
Nw/5

0
NE/l3
NV5

o
o
o
o

s/5
o

svr/7
Sì¡r/8
sfi/L2
ì{erl5

o
o
0
o
o
o
0

NTV9
0

38.7
4L.9
4'7 .6
45.2
38.7
33 .9

21 .4
2i.2
19.4

:3.6
:3 .0

100
0
0

100
10

100
100

90
100
100
100
40
90

31.
30.
31.

5.

34 .3
32.L

2.5
1.5
3.O
1.5
3.5
3.0
4.5
2.O
6.5
5.O
4.O
7.O

.o

.o

.5

.o

.0

.5

.0

.0

.5

.o

.5

.0

si 2s-1
s8
S6
s-6
s2
s-o
s7
s-1
s L5
S9
s7
s7

Station B
.5 13.O
.o 6.0
.5 4.5
.o 5.o
.5 6.5
.o 12.5
.5 5.5
.0 14.5

31.
31 .
31.
31.
31.

31.
29.
31.
30.
30.

2.9
2.O
2.2
3.4
2.4
3.3
2.7
2.3

2.9
2.7
2.2
5.O

Lo.0 10.9
10.o 10.8
10.o 11 .4
10.0 Lo.8
10.o 10.4
10.o Lt .7
10.o 10.8
10.o 11 .O
10.o 10.8
L0.o 9.9
5.O 10.8

10.0 Lo.7
13.O

6
2
6
B
o
I
7
3
4
I
1
7
7

1.8
2.5
2.7
3.3
2.L
3.8
2.7
2.7

2.O
2.7
2.4
3.8

8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5

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

I
B
I
I
I
I
8
I
I
I
I

2
5

a2
0

9
47
34
72
54
66

I

o
1
o
0
o
o
o
o

4,O .3
45.4
53.7
4A.4
33 .9
33 .1
35. s
3s .5
6.5

38.1
L4.2
13.2
2.9

l" 6.0
.1 3, 1

0 -50
0.61

1

30
33

high +1-

1ø,¡ +4
low
high
high +2
lov¡ +5
lq¡ +5
low +3
high +4

100
100

Lo
70

o
100
100

90
100
100
100
40

100

31.5
30 .8
3r..4
3L .5
37.2
31 .1
30.7
31 .3
31 .4
30 .9
31.O
30.6
30.2

10.
10.
10.
10.

s
s
S
S
s
s
s
S
s
s
s
s
s

2
1
4
7

-8
2

-o
5

10
5

10
10
10
10

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

9.
11.
1,1.
11,
10.
L2.
10.

1 .16
o .30
t.22
1 .38
o.23
o .93
o.57
o .54
L.32

o.91 :

o.61

7
o
l-
3
4
2
6
7
6
1

7
6
I

L4.9
13.O

'c1
2+
18
25
io
*I

2
16
18

4
5
1
4
7
3
9
0
7

(,
¡\)

8.

-1 .0 10.0
14.0 16.0
6.0 8.5
8.5 15.O
3.5 14 .O

10
10
10
10

high
hish +3à
lov¡ +51
high +4|

5
Lo 10.

10.
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Table 3.1. Continued

SAMPLE TIME
ñ^ mF rrìaÆÞD /Fqmì

WTND CLOUD
DIR/VEL COVER DEPTTT

/MÞÎ¡ì (o/-\ lÍ.ç'ElTì
TEMP OC SÀLINTTY

AIR IâIATER (O,/OO)

Station E
1.s 2.O

O2
lo¡:m)

NO2-N NO3-¡i 41-P
rlo-ator::,/L

TIDÀL
SBGE

l q^rrÞ c \
co2

nH lnm)

10.o

BOD
(oom)

L/75
L/7e
r/26
2/L
2/8
2/r2
2/22
2/27
3/t
3/L5
3/23
3/27

L/L5
r/7e
L/26
2/L
2/8
2/12
2/22
2/27
3/7
3/L5
3/23
3/27

000818
000833
00084 2
o00851
000869
00087 2
o00892
ooo900
o0091 1
o00662
000678
ooo680

000819
000834
ooo843
ooo852
ooo870
ooo871
o00893
000901
00091 2
000661
ooo679
o00681

o950
1"050
o910
0940
0950
1500
14 LO
1010
1150
1015
1310
1340

1020
1110
0950
L425
1010
14 30
1525
1030
1250
1115
1330
1400

t7 .4
33.0
26.I
30.4

17.1
10.8
11 .6
L1 .5
11.O
11.6
11 .0
11 .6
10.4

5s.
46.
96.
33.

L29.
12.
L2.
L2.
57.
42.
44.

.4

.8

.7
L8.'7

17 .8
37.2
2i.a
23.4
27.4
2'i.2
16.1

hish
high
Iow
lor¡
low
high
1ow
high
lcn¡
lcr.¡

high
hiqh
hish
hiqh
lcn¡
lcn¡
high
hiqh
high
high
lor,¡
1æ

0.5 1
3.2 1
2.A O

2.4 0
5.3 0
2.A 0

o

high
high

1.6
2.4
4.3
7.4

+2\ Nr.r/s
o

+4, Nw/6

+1à
+2\
+5\
+3\
+5
+2
+5
+\

+3

29.3
30.4
31.O
30.7
30 .0
29.4
30.2

11.O
0.o

-12.O
3.O

-5 .5
4.5

4.5
4.O
6.O
9.5
8.5

2

o
0

N/e
0
0
0
0

ñ/r
N/5

100
0
0

100
100
100
100

70
100
100

10
o

10.o
10,0
10 .0
10.0
10.o
10.0
10.0
10.o
10.0

5.O
10.0
10.0

s
S
s
s
S
s
s
s
s
S
S
s

s
S
S
s
S
S
s
s
s
s
s
S

3.5
-0 .5
0.0
3.O
0.5
3.0
2.O
6.0
6.O
3.5
7.O

5.0
3.O
0.0
4.5
3.5
3.0
4.O
6.5
7.5
5.5
8,5

8.0
8.5
8.0
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5

3
I
I
9
n
9
9
9
L
9
3
431

93
61
34
67
93
65
98

2t.o
2e.8
1¿, t
16. 1

L2.4
'tl. ?

25 .0
20.3
e.9

24.4

1ì Á

3.1 '3.36 6d.s
3.8 1.38 45.2
3.3 0.34 35.5
2.3 0 .53 32.3
2.4 0.73 31 . s
2.5 0.91 16.1

L .32 6.5
, o .82 6.5

2.6 0.54 35,7
6.7 0 .70 51 .4
3 .9 0 .26 32.7
4 .7 . 25.O

!9
l^

49

o.49
0 .41
0.40
0 .30

station F

11.O
11.3
10 .8

11
11
11
10

.o

.o
o

s/7
NV8

0
o

ñ/5
0

NV5
0

s/6
N/e

o

100
o
o

100
100
100
100
100
100
100

10
o

31.5
31 .1
31.8
30.7
29.4
29.6
3L.2
31.4
3r.2
30.4
30 .8
30 .8

11 .1
10.7
11.4
11.4

+5
44\
+1L
+2
+\
+4

+3
+sà
+1

10
4

-6
3

-4
4

-4
3
4
9
6

o
o
5
0
o
5
5
5
5
5
o

10
10

5
10
10

8.5
8.5

0
0
o
o
o
0
0
o

I
I
I
I
8
I
I
I
I

5.
10.
10.
5.

10.

o
6
1

7
5
6
3
9

10.
10.
10.
10.
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Table 3.1. Continued

DÀTF:
SAMPLE
NTTMPT¡p (

co2
oH loom)

o2
lnnm)

BOD.
lnom)

2.
3.
¿.
3.
l_.
4.

TIt"lE
TIDAL
STAGE

IÉTÔTTRSIES

091-5 high +3
o900
o930
0930
o930
0930

WTND CLOUD
DLP./VEL COVER DEF{rH TEMP OC SALINITY

/oo\.Fì lMpH) (% I Í'IrtrTl ÀTR I^tÂ TER 0

32.5
33.O
32.5
31 .5
29.5

30 .0
29.5
32.5

31 .5
30.o
3l_.5
31.O
31.6
30.5
30 .5
31.s

30 .5
32.O
32.O
32.O
31 .5
31.0

1,/LI
L/24
2/L4
3/t
3/13
3/2e

L/2
t/3
t/Ls
1,/L6
2/t
2/2
2/ 2L
2/ 22
3/t
3/7
3/Ls
3/16

000808
000837
000874
000903
000923
oo0682

ooo792
o00799
00081 5
o00820
00084 9
o00853
000888
oo0895
ooo905
000908
ooo65B
000665

1030
0900
1030
r.l_50
L1l_5
72L5

o
Nw/5

0
s/6
s/7

4 N/s

0
100

0
L0

o
r lOO

10
0

100
0

100
i.oo

10
100

60
l_00
100
l_oo

100
J"00

70
20

100
90

lctt^¡
hish
high
high
high

+L14
+L
ß1
+2,

sw/r2
sw/10
Nw/L2

o
w/6

o

6
5
o
1
6
0

S

s
q

S
S

Station 5

Station l-1

o
5
o
o
o
5

.0

.0

.0

.0

.5

.5

.0

.o

.O

.0

.0

.5

o
3
l_

2
4
3

5
o
5
o
5
0

0
3
6
I
2
o

B
8
B
B
B
I

.5

.5

.5

.5

.5

.5

8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5

5.O
l_0.o
10.0
10 .0
10.o

5.O

l_0.0
Lo.0
10.0
L0.0

5.O
10.o
5.0

10.o

10.o
10.o

5.O

l_1 .3
11.3
TL.2
11_.3
11 .1
12.5

l_0.
10.
10.
11.
11.
10.
L1.
11.
11.
10.
L1.
g.

0845 low +5
O93O 1ol.¡ +5\
08L0 high +L
oB15 hish
l-310 high +34
O95O low +5\
1330 low +54
l-3O0 lov¡ +4\
A92O high +1-

1O2O low +3*
0915 high +1-

o92O high

sw/7 5

-1-
2
l_

-7
4
5
5
t_

4
5

10

3
I
3
5
4
2

L

S
S
s
S
S
s
S
S
S
S
S
s

S
S
S
S
S
S

5.0
3.5
1.0
0.5

-1 .o
2rO
4.5
3,O
4.5
4.5
6.5
7.O

2 2.O
2 2.L
7 2.O
4 3.6
5 2.7
7 3.6
2
Bo 2.o
6 2.2
o 2.9g 2.5

w/6
0
0
0
0

s/8
o
0
o

s/5
0

Station 12
7/5 oooBo3
7/18 ooo828
2/5 000860
2/2O 0OOBB1
3/B OOO919
3/2L 000673

low +5
lotnt +5
low +4
low +5
low +4
]-ow +5

a o
5
0
0
5
5

5
2
3
2
7
4

I
I
I
B
I
I

5
0
5
5
5
0

5
5
5
5
5
5

5.
5.
5.
5.

10.
10.

0 9.'7
0 10.5
0 10.4
0 ]-L.4
0 10.4
0 1L .l-

1,.2
2.6
2.4
2.5
2.O
2.2

UJ
a

u¡
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Table 3.1. Continued

LJ ;;f :_j .;-'.t ï *l

SAMPLE
DATE NUMBER

TIDAL
STÀGE

(HOURS)
TEMP OC

AIR bÐATER

Station 15

SALINITY
(o/oo)

(Continued)
3l_.L 8.5
30.5 8.5
30.5 8.5
29 .O 8.5

TIME
(EST)

I^TTND CLOUD
DIR/VEL CO\rER DEP|H

(MPH) &) (FEET)

30
100
Loo
100

PH
COa Oo
tppril (ppri)

10.0
10 .0

5.O

11.O
10.3
1t_.o
l_o.6

LL.4
10.6
l_l_.0
1L.2
1L .1
L1.5

L1.
10.
11.
L1.
1l_ .
l_3.

BOD
(ppm)

2.7
1.9
3.0
3.2

3.3
2.6
2.6
2.''l
2.9

3/I 0OO906
3/7 000909
3/I5 O0O6s9
3/t6 000664

1010 high +2
7I2O low +4r4
0945 high +2
1-025 high +j-

0
0
0

S
S
s
s

S
S
S
S
S
S

4
4
6

.5

.0

.o

.0

3.0
5.0
6.O
8.0t2

3
5

ì{w/7

Station l-6
1,/LL
J,/24
2/14
3/r
3/t3
3/2e

L/tt
r/24
2/14
3/r
3/L3
3/2e

o00809
oooB36
ooo875
ooo904
ooo924
000683

000810
oooB35
00087 6
ooo902
ooo925
000684

1120
1105
1l-30
1130
11_30
1 100

131_O
l_330
L255
1300
1300
7240

1130
1100
1100
l_ 215
1200
1130

low +5
low
high
hish
high
high +4

lolrr +3
lor+ +4\
high +4
hish +4!
lotr¡ +1
1ow

\ sw/76
s:vr/t5

, Nw/g
s/Lo

,0
0

sw/15
Nvlo

0
sw/L2

o
0

33.0
32.5
32.5
31.O
29.5

32 .5
33 .0
32.O
30.5
30.o

31.0
32.5
3L.o
33.0
31.0
31.0

.5 10.0

.5 10 .0

.5 10.O

.5 5.0

.5 l_O. O

.5 5.O

.5 L0.o

.5 L0 .0

.5 5.0

.5 5.O

.5 5.0

.5 10.0

+2
+3
+3
+5

sw/to

Nt{/e
o

s/5
N/6

0
10

o
10
Lo

100

60
100

30
10

100
90

2.O
L2.Q
5.5
7.O

13.5
3.0

8,5
8.5
8.5
8.5
8.5
8.5

10.o
10.0
5.0
5.0

10.0
10.0

1.9
3.2
2.5
3.3
2.4
2.O

2
4
4
4
6
9

o
5
o
5
0
o

B
B
I
I
I
I

0
0
5
5
o
o

4
3
9
3

Station 17
S
S
S
s
s
S

s
s
s
S
s
S

0
100

o
o
o

40

2
3
2
2
4
4

3.

-2.5
4.0
6.O
4.o
B.O
5.0

I
I
B
8
I
I

0
0
0
o
5
0

0
5
0
o
0
0

3 3.2
7 2.5
2 1.6
4 3.3
L 2.8
r 6.4

Station 19
v5 0o08o4
t/LB 0oo829
2/s 000859
2/20 ooO8B3
3/8 0O0918
3/27 000670

high
high +l-
Iow +4
low +5
lotr¡ +4
low +5

5. 10.4
11.0
11.1
It.2
10.4
tL.2

\
4

2.

¿.
6.

(rJ
a\¡

4
4.
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Tal¡Ie 3.1 . Continued

I{IND CLOUD
DIR/VEL COVER DEF{rH TEMP OC

[-;J ''.'''1 'l .":*:l i--"J

DÀTE
SAMPLE
NITMTìF:R (

TIME
Tl(

TIDAL
STAGE
HOURS FEET R I{A.TER

SALINITY
(o/oo

co2
r¡H (pom)

o2
(oom)

BOD
(ppm)ES ) (MpH) ( ( AI

L/2
t/3
7/Ls
r/L6
2/1
2/2
2/2t
2/22
3/L
3/7
3/15
3/L6

t/2
t/3
L/1,5
!/t6
2/1
2/2
2/12
2/2L
2/22

101 5
l_130
t_ot_o
1000
1400
1240
L430
1500
L050
7230
1040
1LL5

o945
o820
Looo
1100
1300
1050

o935
1050
0925
0930
0915
1l_30
l_530
1405
13 50

high
high
high
high
high
hish

lov¡
lov¡
lotr¡
Iow
Ior^¡
Iow

+\
+24

+2\
+2

+4t4
+4\
+3\
+4
+54
+4

sw/8
o

ñ/5
s/ro

o
N,/5

30
o

l_oo
,L0'100
100

10
100

10
100
L00
100

80
100

70
70

100
Lo0

20
o

100
10

100
l-00
100

10
100

ooo7 94
o00Bol-
000817
o00821
000850
000855
000890
o00894
000907
000910
000660
000663

5 000802
l_B 000827
5 000861_
20 000882
B 000917
27 000671

high +
high +j.
high +2
high +1
high +4
high +2

.5 10.O

.5 10.O

.5 L0.0

.5 10.O

.5 10.O

.5 10.O

.5 LO.O

.5 10.0

.5

.5 10.O

.5 5.0

.5 5.0

LO.4
LO.7
L1.5
10 .7
l-o.9
lL.2
11 .3
11 .1_

TL.4
LO.2
LT.2
7r.2

o 9.2 2.
o L1.1 2.
o 3,L.2 3.
0 11.5 2.
o Lo.3 3.
0 11.O 2.

000793
000800
ooo816
ooo822
o0084B
o00854
000873
oooBB9
ooo891

high
high
high
hish
1ov¡
high
low
high
lot^¡

+L4
+2
+L
+5\
+L
+3

5.0
2.5
o.o
o.5

-2.O
1.5
l_ .5
2.O
3.0

29.5
29.5
32.O
32.5
32.5
32.O
32.O
31.O
31 .6
30.0
30 .5
30 .5

29.5
32.O
31 .5
32.5
30.o
30.5

29.O
26.5
31.O
30 -o
31 .5
29.O

31.O
30.5

10.o
5.O

10 .0
.o
.o
.0
.o
.o
.0

to.2
10 .8
LL .6
11 .5
L2.3
10.9
11 .6
L1.6
1l-.o

5
3
i_

1
0
2
3
2
5
5
6
7

2
1
2
2
7
I
5
4
5

l_

S
s
q

S
S
ò
S
S
e

s
S
S

S
s
S
S
s
S

s
¡
S
S
S
S
s
S
S

'15

,
,
,4

sw/5
ì{w/6

0
sw/6

o
sw/5
s/5

0
0

N/7
s/5

0

sw/t2
w/8

t{w/6
sw/5
N/s

0
o

s/s
0

Station 13
.5
.o
.5
.5
.o
.5
.0
.o
.o
.0
.o
.0

Station 14

4
4
5

3.O
9.0
4.O
4.O

1L.o
2.5

2.5
-1.O

2.O
2.5

--r2.5
3.5

-4.5
7.5
5.5

I
I
I
I
I
I
I
I
I
I
I
I

I
B
I
I
B
B

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

o
5
5
5
5
5

2.6
2.5
2.4
1.8
L.7
3.2

4.6
4.5
2.6
2.9

5
5
3
7
5
5

5
5
5
5
5
5

t/
t/
2/
2/
3/
3/

5.
2.
3.
2.
6.
5.

Station 15

5.
5.

10.
10.
10.
5,

Lo
l_o
t0
10
10

5

8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5

L.7
2.4
2.4

3.
3.4

6

(,
I
Oì

+5L

3.4
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Table 3.2. Comparatj.ve water quallty dat,a for SalemHarbor, JuIy t9?1 _ uarcÍ, 1923.

L97 L
.TuIy- Jan-

Mar
Apr- July-

Sept
Oct-
Dec

1973
Jan-
Mar

L97 2

Temperature
(oc)

Salinity
(o/oo)

CO.
(pÉm)

pH

Min
Max
Àve

Min
Max
Ave

Min
Max
Ave

Min
l'1ax
Ave

Min
Max
Ave

l'lin
Ma:<
Ave

Min
Mac
Ave

Min
MÐ(
Ave

l"lin
Marc
Àve

4.5
24.O
13.1

29.3
32.9
30.g

8.0
8.0
8.0

5.0
10.0
7.5

.4

.7

o.o
16.0
4.7

31 .1
35.0
32.'l

8.0
9.0
8-3

5.0
10.0
9.2

9.7
11 .3
10.5

1
4
2

4.5
2L.5
11 .5

26.6
32.9
30.0

9.5
L3.2
9.8

11 .5
23.O
Lg.0

29.6
31.4
29.9

5.0
L0.0
5.9

4.5
22.5
LT.2

29.L
32.5
30 .3

8.0
8.5
8.1

L7 .4
33.0
30.9

9.2
13.1
10 .9

0
0
4

5
I
9

1
5
2

4
7
5

.1

.4

.8

2
6
4

;

I
I
I

I

5.0
10.0
'l .g

5.0
10.0
7.5

I
II

0
0
0

I
I
I

o
o
0

0
5
5

0
0
I

5.
10.

o
7
2

a
0
3
0

0.9
4.0
1.9

o2
(pp¡n)

BOD
(ppm)

Nitrlte - N
þg-atom,/I)

Nitrate - N
(Pg/ atom/Ll

Phosphate p
þs-atom/l)

6
9
I 1

0
6
3

0
3
2

7
9
I
1
3
2

2
1
5

a

7.6
L2.5
8.9

a

I

-J

6.5
L29.O
38. 3

2.2
59.2
19.8

Tt¡e above table supersedes Table 3.2 of euarterly Report #6, andreflects corre-cted-nitriiã, nj_trate anã phosphate values forJanuary - March, lg73
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Table 3.3. Copper concentrations (ppm) in soft shell clams (l¿va
arenaria), Iobsters (Homarus a¡nericanus) and water
from Salem Harbor, January - March, 1973.

Date Station
Soft shell

clam Lobster !{ater

, I
tj

r/2

r/22

t/30

2/B

2/ 26

2/28

A
B
c

B
c

A

B

c

1l_

13

A
B
c

11

13

44.9
13.5

40.7
4L.9
50 .6
49.6
l_7.0
L2.O

0.005
0.014
o.0l_9

004
002
002
002

0.002
0.005
0.001

0.003

0.004

2L
34
1.9

a ''l

5
2
6
5
3
7

9
7
0
o

l_

4
6

-t
I.l

-rI
,Á

rtllr È
', tl
:...Þ
¡.¿

r¡it
'J,

!!tr:f,
:.*
tr-I

-1
!.

.iÞ

í: -r
.:i:.{
J

6
4

4
2
3
3
4
3

4
3
5
5

3
3
3

4
4
5
5

.o

.1

.o

.6

.o

0
0
o
o

5
7
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on January 30 and February 28, indicated lnsignificant
variability in copper concentrations. Detected. concentrations

in soft sherr clams remain belor.¡ the proposed F.D.A. ,,alert

level" of 25.O ppm.
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4.1

4 -O BIOLOGICAL IN\TESTIGATIONS

4.1 Benthic Survev

Figure 4.1 displays the zonatÍon of the most abundant

amphipod, Leptochej-rus sp., in salem Harbor during rate winter
and earry sunìmer L972. Leptocheirus sp. were not identified.
at benthic stations above -10 ft I'lLw. Arong transect A,

100 percent of the popuration was rocated at the 30 ft depth

during lvlarch. An approximate equal d.istribution was observed

at the 20 and 30 ft depth leve1s 1n Ju1y.

Along transect B, L00 percent of the March population

htas found at the two 20 ft depth stations with relative equal

distributions at the -10 and -20 ft contours durlng Ju1y.

Distribution along transect c was represented by 1oo percent

at the L0 ft depth station during both sampling periods.

Kite d.iagrams (Figures 4.2 and 4.3) show relative diversity
of invertebrates sampled during March - Aprir and ,Jury, rg72.

Each station is represented by a 100 percent populatj-on and

is compared to other stations along the same transect to show

rerative percentage overrap of species at various depths.

Late winter sampring was conducted during March. Anarysis
of November t972 and I'tarch 1,973 samples is undenn¡ay at the

lrlil}iam F. C1app Laboratory.

4 anktonP

Phytoplankton and zooplankton analyses is complete through
october and AugusE L972, respectivery. rdentification was

performed under contract by personnel at the irrilliam F. clapp

Laboratory.
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transects in Salem Harbor, July, 1972.



4.5

4.2.1 Phytoplankton

Phytoplankton is nohr collected with a water sampler

rather than with an 80 micron prankton net as previously
reported. Eight famities have been identified (ta¡te 4.L) .

Future samplès will be identified. to species, or to the

Iowest ta>con possible.

Bacteriastracea vr¡as reported only at Station B (discharge
i

canar) and identified onry during August and september. Bid-
dutphiaceae, reported on 5 April at all stations, was reidentified
on August. 10 and 23 at Station B. Fragilariaceae h/as reported
monthly at all stations except Station C in April and Stations
A, C and D in September. Leptocylindraceae hras identified
only during October. Rhizosoleniaceae was not identified during
April and JuIy. Chaetoceraceae, Coscinod.iscaceae and Navicu-

Iaceae were identified monthly at each station.
Figure 4.4 compares bi-monthly chrorophyll a revels to

total phytoprankton at stations A - D from 5 Aprir through

20 september, L972. Fluctuations correspond through 12 June.

Inverse relationships through the su¡nmer period are attributed
to crogging in the prankton net, resulting in rov¡ fror.¡ measure-

ments and. higher counts of organisms/m3. similar inverse
patterns were plotted for zooplankton at the wilriam F. clapp

Laboratory.

4.2.2 Zooplankton

Thirty-one zooplankton organisms hzere identified from
March through August (Table 4.2) . ÍLre most conmon rr¡ere

b
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Table 4.1. Occurrence of phytoplankton in Salem
Harbor, Àpril - October, L972o

Bacteriastraceae

Biddulphiaceae

Ct¡aetoceraceae

Coscinodiscaceae

Fragilarj-aceae

Leptocylindraceae

Naviculaceae

Rhizosoleniaceae
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Table 4.2. Occurrence of zooplankton in Salem
Harbor, March - August, L972.

March April lvlav June ,fulv Auoust
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Acarti-a tonsa
Acartia clausi
Temora longicornis
Eurytemora sp.
Eurytemora herd.mani
Centropaqes hamatus
Paracalanus parus
Paracalanus sp.

chicus
Tortanus discaud atus
Harpactius qracilis
Harpactius sp.
Cyclopoid.a
Copepod unidentified
Copepod nauplii
Copepod immature
Cirripedia nauplii
Cirripedia cvpris
Malacostraca immature
lunicate larvae
Nematoda
Polvchaeta
Medusoids
Gastropod larvae
Gastropod egg
Tintinid
Cladocera
Podon sp.
Evadne sp.
Bivalve larvae
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Àcartia clausi, cycropoida, copepod nauplii, immature copepod,

Cirripedia nauplii, Polvchaeta, and gastropod larvae. C. nauplii,
immature copepod, Tintinid and Polychaeta were most abundant,

respectively. c. nauplii dominated populations monthry

except in .TuIy r+hen they ranked second to ntlnid. Figure 4.5

d.isprays relati-ve abundance of the four dominant copepods

identified.

Dnring March C. nauptii ranged f.rom 622 to 4 2,677/m3.

Eurvtemo.ra herdmani, the second most abund.ant species, ranged.

from 82 to 8,32O/m3; and Cirripedia nauplii, the third in
popuration magnitude ranged from 22 to g,24s/^3. Íhj-rteen
organisms were identified during April

Diversity increased to L7 in April with the identification
of Eu-rytemora sp., Paracalanus parus, Diaptomus sp. r

Harpactius qracilis, Cirrj-pedia cvprj-s immature, Malacostraca

and. Cladocera. C. nauplii ranged from g,3gg to 35,O4O/m3

second and third ranking organisms, immature copepods and

Acartia clausl ranged from 2,003 to 20,Ont¡m3 and 435 to
3, 4 63,/m3, respectively.

c. nauplii popurations peaked in May and varied. from

2,922 to 97L,459/m3. rmmature copepods were also more abundant,

ranging from L,47o to 3? ,5o9/m3. Tunicate rarvae, i-dentified
for the fÍrst time, ranked third in abundance and ranged fiom
L47 to L2,853¡¡¡3 . Polvchaeta , the fourth ranking organism,

ranged from 228 Lo 7 ,O51,/m3. Cal us finmarchi- Harpactj-us
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sp ., Medusoides gastropod eggs and bivalve larvae hrere alsc>



4.i.0

106

to5

104
l
¡

ß

!t
,.'r!:t5¡

Ç:Ë
iå

FT

rï
. .a:É

g

,. l
.J

organisms/m3

-i

103

ro2

10

Mar Apr May June JuIy Aug

Figure 4.5. Relative abundance of domj.nant copepods
sampled in Salem Harbor, March - August, L972.
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identified for the first time. Ei.ghteen organisms hrere

recorded during May.

c. nauplii and immature copepods continued as the dominant

organisms during June, ranging from 92 to L9Lr8L2/rç¡3 and L7 to
35,?33rlm3, respectively. Bivalve larvae ihcreased to the thlrd
most abundant organism and ranged from 1 to IO,O|O/r3.

å. clausi, fourth in abundance, ranged from L to 6,446/m3.

Diversity increased to 22 with the identification of Centropaqes

tramatus and Paracalanus sp.

JuIy populations ranked Liq!¿-n.ij. over C. nauplii and

immature copepod. Tint inid ranged from L3,644 to 398,734/m3¡

c. nauplii ranged from 20 to 229,574/m3¡ and immature copepod
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3ranged from 500 to 63,80i./m . Tintinid were identified f or
the first time during JuIy when organism diversity r¡¡as least
at 13.

c. nauplii regained dominance during August and ranged

from 3,943 to 197,73o/m3. rmmature copepod, the second most

abundant organism, peaked during August and ranged from L,473

to 108,549/m3. Podon sp.r record,ed for the first time, ranged

from 45L Lo 74,Q15/m3 and bivarve rarvae ranged from 49 to
94,282/m3. Acartia tonsa and Evadne sp. were arso recorded

for the first time. sj.xteen organisms Ìrere identified.
4.2.3 Pr i-mary Production

Chlorophyll a levels increased. slightly (rigure 4.6)

whire chlorophyrl b, c and carotenoid.s remained relatively
stable (Table 4.3) . Recorded ranges hrere:
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Table 4 .3 Chlorophyll counts (mgrlm3) in Salem Harbor
January - March, L973.

Date Stati on Chlorophvll a Chloroohv]-l i) 11 c Carotenoids

L/Lo

t/23

2/26

3/8

3/te

A
B
c
D

A
B
c
D

A
B
c
D

A
B
D

A
B
c
D

A
B
c
D

2/7

1.13
0.94 ^

1 .25
o.7'7

55

56

76
74
89

00
95
24

o.22
0 .60
0.43
o.42

o.4'7
0 .64
0 .55
0.56

1.09
0 .59
0 .3s
0 .66

.11

.40

3.94
2.LO
3.25
1.55

L
0
1
0

0
0
0

0
0
0
0

58
29
t4
37

0
0
0
057

1.
1.
1.
0.

34

97

05

J..92
o.L7
L.08
0 .15

0 .33
0.05
o.52
o.62

L
i.
1
1

L.22
2.39
1.06
2.OO

1 .89
2.69
3 .25

L .36
2.L5
L.53
1.04

2.67
23
96

0.65
0.68
0.84
o.27

0.78
L.o5
0.68

L.g'7
L.74
0.67
1.07

2.20
2.37
L.70
1 .36

l_ .50
L .57
2.97

5.26
3 ,84
2.33
2.23

5.09
4.92
4.05
2.70

28
40
84

.65

.23

3
1
1 36

t,;
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Chlorophyll A
B
c

Carotenoids

4.3 Finfish

A total of 1,686 fínfish urere collected in Salem Harbor

(ra¡te 4.4). vtinter flounder, Pseudopleuronectes americanus

were most abundant (49%) and were taken primarily at the

49-ft. trawl station (rable 4.8). Atlantic silversides,

Menid.ia menidia, dominated catches at the beach seine and

30-ft trawl stations and. accounted for 22% of the total

sampled (Tables 4.5 - 4.7) . Atlantic herring, C1ur¡e+ Ï¡arenqus

harensus, r{ere collected entirely by gil1 net and ranked

third in abund.ance at 13% (ra¡te 4.9). Length frequency

histograms are d.isplayed in Figure 4.7 . 2
An add.itional 1,184 finfish were sampledrcutsicle Sa1em"

Harbor. Species composition at these stations was predominated

by winter flound.er f639) and yello¡¡tail flounder (36L) .

Species diversification was greatest at the 49-f.E trawl station
(ra¡te 4 .10) o

4.4 Eqq and Larvae

Eight species of fish eggs and seven species of fish

larvae were identified during 197 2 including cunner, Tautoqo-

labrus adspersus; yelloh¡tail flounder, !!gen(la ferruqinea;

tautogr Tautoqa onitls; windor,rpane, Scophthalmus aquosus;

witch flounder, Glyptocephalus cvnoglossust po Ilock, Pollachius

o.77 - 5.26
0.11 L.24
o.Ls - 3.84
0.05 2.37
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vl_rens i haddock, Melanogrammus aeqlefinus; snake blenny,
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lable 4.4. Rank of finfish collected. in Salem Harbor,
January - March, L973.

Method of Capture
Mid-
Water 4g-ft

Soecie s
50-fr 120-ft
Seine Seine Trawl Trawl Totals

30-ft,
rrawi

ci11
Net

L.
)
3.
4.
5.
6.
7.
g.
o

10.
1L.
L2.
13.

14.

winter flounder
Atlantic silverside
Atlantic herring
rainbow smelt
fourspine stickleback
threespine stickleback
Atlantic tomcod
Atlantic cod
skate*
yellowtail flounder
sea raven
windowpane
ninespine stickleback
ocean pout
pollock
blueback herring
grubby

Totals

25

t

27 209 27t 4 899 276 1,686

20
24

1

L

9
153

t2
197

t7

2LO
28

16
3

822
37s
2LO
100

82
25
L7
16
1.2
I
6
5
2
2
2
1
1

59
L

1
1

2
2

1

1

L 783

72
2

1,2
l_1
I
6
5

1

*Not separated by species
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.4

I



il

il
f_t

r'"1

il
:tltil
r.J

it

4.t6

Table 4.5. Dominant finfish species collected in Sa1em Harbor
with the 50-ft sej.ne, January - March, 1973.

Atlantic silverside
(Menidia menidia)

Set Total
Collected

Size
Range

n¡rn)
I'lean
(rwn)Date No

92
æ
94

rì:i
,tr

L/2
2/12
3/t

L
1
2

Station 15
3
3

L9

70-105
75-90
75-Lr4

il
û

fi Table4.6. Dominant finfish species collected in Salem Harbor
with the 120-ft seine, January - March, 1973.

Ð
',,$ ' Atlantic si-Iverside

(Menidia menidia)
threespine stickleback

(Gasterosteus aculeatus)

Date
Set
No.

TotaI
Size

Range
(mm)

Mean
(mm)

Size
Range

(nrn)
Mean
(mm)Col ected

Total
CoIlected

fç
'.: 

!,

Ë¡

;1,Ì't
'É,
b

i-.'.i
rX

2
t_

2 50-74

62
37
62

t/3
3/16

L/3
2/22
3/7
3/L6

L/3

2/22
3/7
3/r6

1_

1
L
2
1
2

L1
2
2
2
1
2

1
65
24

t_

2
1

39
20

Station 11

Station 13
72
84

103
107

Station L5

90-104

70-1.34
70-t24

L
L
2

5
1

65

30-74 55

62

1,2

-l

7 s-t44
80-1 39

97
90

L05
103 55-64 57

57
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Table 4.7. Dominant finfish specles corlected in salem Harbor
with the 3O-ft trawl, January - March, L973.

Atlantic silverside
(Menidia menidia)

fourspine stlckleback
(Apeltes quad,racus)

Ðate
Set
No-

Size
Range

(mm)
Mean
(mm)

Size
Range

(mm)
l"lean
(mm)

Total
CoIIected

TotaI
Collected

rt
ii

:l

n!.Èrt\,

r1
!

-.i

' _t
iI,t,¡t¡

n
i;Í
b¡

t
ru
6¡.

m
;!{
¡r¡

irÉ

Ii
.t':J

L/5

t/te

r/s
r/t8
2/s
2/20

3/e

3/2r

J,97
L
1

1
2
1

Station 12
65-L39 85

Station 14

52
52

1_

2
1
2
2
1
2
1
2
2

L
3

LL
7

10

35-64
35-59
35-59
35-59
30-54
3s-54

47
48
46
46
45
40
45
47
52
40

9
l_3

L
t
1

l
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Table 4.8. Dominant finfish species collected in Salem Harbor
with ttre 49-ft trav¡l, January - I'larch, L973.

winter flounder
Pseudopleuronectes ameri canus)

Date
Set
No.

TotaI
Collected

Size
Range

(mm)
IvIean
(mm)

1/Lt

r/24

2/14

3/t
3/L3

3/2e

Statl on L6
2
4
3
3
3
4

28
24

230
r_38
r.04
240

280-314
85-374

220-344
275-374
280-344
310-364
225-454
200-424
240-474
L9s-479
205-474
230-474

297
277
295
312
305
331
344
3i.3
345
319
320
329

Table 4.9. Dominant finfish specles collected in Sa1em Harbor
with giII nets, March, 1973.

Atlantic herring
(clupea harengus harenqus)

Date
lotal

Collected

Size
Range

(mm)
lvlean
(mm)

3/Le
Station 20

t34 270-379

Station 2l-
76 240-359

313

3/Le 294
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Figure 4.7. Length frequency histograms for dominant finfish species
collected in Salem Harbor, January - I'farch, L973.
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Table4.10. Ðiversification index of finfish species by method
of capture, Salem Harbor, January - March, 1973.

50-ft 120-ft, 30-ft, Midwater 49-fE GiII
Date Seine Seine Tr I Trawl Trawl Net

2L

L L

3

4
1

1

L

9

5

2

1

3

2

1
5

20
2
L

2
3
3
3
3

6
6

122L
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Lumpenus I ormas , sand lance, å.nungfl]LEes. sPP; longhorn

sculpin, lr,lyoxocephalus octodecemspinOSuS; American plaice,

Hippoqlossoides plgtessoides; and Atlantic herring, Clupea

harensus hareqrqus. Eggs were also identified from the

families Gadidae and Labridae

Distribution of egg and larvae aPPears to be similar at

all sampling stations. Cunner eggs wehe identified most fre-
¿fitn,..''t

quently and were observed from May through_99.!pber.

4.5 En ainment and En traoment

Intake waters to units 3 and 4 were monitored for 64

hours (Tab1e 4.1Ð . of 95 finfish captured (14 species) 62%

\{ere col}ected. from Unit 4 and 38% were taken from Unit 3.

Winter flounder and threespine stickleback, Gasterosteus

aculeatus, were most frequently collected. Mortality from

entrapment and/or impingement upon travel screens was 22%.

l'lortality remains gfeater from Unit 4 tÏ¡an Unit 3; 31 and 6%

respectively.

4 .6 Sport Finji_sh Suæy,

Recreational fishing within the study area is carried on

in about equal proportlons from shore (53%) and boat (47%)

(fj-gure 4.8) . Ttre majority of sÏ¡ore fishermen utilÍze the

public pier on the north tip of Sa}em Neck, and to a lesser

degree fish from the commercial and prÍvate wharves along the

west shore of Salem Harbor. Ttte Marblehead, or east s?¡ore of

Sa1em Harbor is virtually inaccessible for sport fishing.
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Table 4 .:-.L.

(EST)

Tidal
Stage

(Hours)

L"*i fní*"i gffi) KiÆE Ë¡Ël ËËl ilJ ;.- : r;'"r-r íî--l *--l

Finfish specj-es collected in the Unit 3 and 4
sluicewayè, Salem Harbor, January - l'farch, L973.

Srìê r.aes

alewi-f e
Atlantic silverside
foursplne stickleback

At1antíc silverside
fourspine stickleback
grubby
ninespi-ne stickleback
striped kiltifish
threespine stickleback
winter flounder

1 I 1 i-6 1 16 18 1 19 L 22 1 29 l- 31
o 0700 0700 0900 0900

1 1000 I oo 090 17 oo 0900 1L00 1 300 1700

high high lov¡ +L low +4 lor^¡ +5 low +4r4 hiEh +3 Lø,nr +\

Unit 3
1

i- 1

L

Unit 4

1

L
2

1
2
1

TOTALS*

(1)

(1)

(,2)
(1)

(s)
(1)

1

1

4
1

1
1
2
1
1

L3
L

1

5

1

L1

È
a

N)
N
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LoI^¡ Low

;l

22

- 11 1*:l

TOTALS*

(1)

(1)

Tab1e 4.IL. Continued

Febru Februarv 7

(EST)

TidaI
Stage

0600 0800 Looo L200 l- oo 1600 1800 2000 2200 2400 0200 0400
0800 1000 1,200 1400 i.600 l-800 2000 2200 2400 0200 0400 0600

High Hiqh

Unit 3
1

t2

.Srrecl-es

Atlantic tomcod
grubby
nortl¡ern pipefish
st¡orthorn sculpin
threespine stickleback
winter flounder

Atlantic silverside
fourspine sLickleback
grubby
lumpfish
ninespi-ne stickleback
rainbor'r¡ smelt
striped killifish
threespine sti ckleback
winter flounder

L
5
1
1
2

13

1

2
t_

l-
1
2
3
1
l_

1
7

10

L

1

2

1
1

1

11L2 3

1

Unit 4
1

2

1 1

2

L

3
t_

1

l_

2
1
1 31

3
2

(
(

)
)

È
a
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Table 4.LL. Continued

t4
1300
1500

(EST)

Tidal
Stage

(Hours)

15
o900
1i_oo

1 o
1300

27
o700
o900

27
o900
1 100

2A
1r.00
1300

low high +1 lor^¡ +24 high +l\ high +3L high +44

*

i.

1L

ttrreespi.ne stickleback

winter flounder

1
Unit 3

Unit 4

È
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Tab1e 4.LL Continued

3 1 3 19 3 20 3 1
1500

3 I
1 500

3 26
(usr)
Tidal
Stage

(Hours)

0900
1 100

0700
0900

1 300
1500

1 100 300
700 l_ 1 o0 1500

high +L1 nigb +Z\ high +41 tor,y +2 high +1 Lør +L\ Lo,,r +3\

Unit 3

6
1

Unit 4

L

S

threespine stickleback
winter flounder

Atlantic silverside
grubby
striped killifish
threespine stickleback
winter flounder

7
l_

1

TOTALS

L (1)
2 (2)
1 (1)
3 (3)
s (4)

L

31

2
l_

3

È
a

l\)
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Table 4.LL Continued

il"J f¿¡tu| [i.ffi] ffi Ëtr| sffil ilJ : _J gt r"- r -- -'"'ì

(EST)

Tidal
Stage

0600 0800 1000
0800 1000 L20a
High

March L4 l"larctr 15
L200 1400 1600 1800 2000 2200 2400 0200 0400
1400 1600 1800 2000 2200 2400 0200 0400 0600
Low High Lct!./

i-' _ t-,

caes

lumpfish
thrèespine stickleback
winter flounder

American eel
fourspine stickleback
grubby
Iumpfish
ninespine stickleback
rai-nbov¡ smelt
winter flounder

TOTALS*

1

Unit 3

Unit 4

1

3

l_

2

1
1

2
1

1
2
61

1

1
l_

(
(

1
l_

1

i.
5
2
1
1
1
1

)

( 1)r

1_

1
1

*Number of dead finfish shor^¡n in parenthesis.
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Figure 4.8. Effort and harvest statistics for sport fj.shermenin Salem Harbor, Apr!_I _ October, L972,
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survey procedures are outrined in the appendix. statistics
collected from April through October ]'g72 hrere co¿ed an!
placed on automatj_c data processlng cards.

A total of 371 party intervier,r¡s, representing g05 fisher_
men, were cond,ucted on 57 randomry selected days. Thi-rty_one
percent of the interviews hrere cond,ucted during .ruly. lireekend
fishing effort was greatest (Sg%). lgeekdays and holidays
accounted for 34 and z/o of the fishing pressure, respectivery.
TLre average sport fishing trip was three hours.

Party success rates were highest amongst shore fishermen,
74 ¿6L%- lrlinter f rounder dominated catches from shore (g4%)
while Atlantic mackerel, Scomber scombrus (3I%), winter
flounder (28%) ¿ êÍ¡d, pollock, pollachius virens (2g%) were about
êafrrã'l'lrr ^*^^1-çyuclrry sreered by boat fishermen- striped bass, Morone

ti , h¡ere more frequently caught by boat fishermen,
whire Atlanti-c cod,* Gadus morhua, harvest hras greatest from
shore CIam hrorms,

Ls

Nerej-s vj"rens, brere the most preferred. bait.
4-8 Lobster Taqq ]-ng

of 446 sub-lesa1 sized l"rb"l:ï",
during the summer of Lgz 2, *139",- i:iiJ.

tagged and released

have been recaptured by
commercial l0bster fi-shermen. Release points h¡ere l0cated in
Salem Harbor and at Bowditch Ledge in Salem Sound (Figures 4.9
and 4.L0) .

Migratì_ons of up to 4.5 nautical miles (1.5 m. ave.) were
noted for robsters liberated in sarem Harbor. Arr robsters
from the sarem sound rereases were recaptured within 2.o

¡
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Figure 4.10. Recapture locations of tagged lobsters, Homarus americanus,
liberated in Salem Harbor through March,m.
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nautical ¡niles (0.3 m. 'ave.) . Recaptures experj-enced. an

average of 25 days of freedom.

Recapture points are indicative of fishing intensity
and concentrations of lobster populations. rt appears that
our L972 program was initiated late, resurting in post-mort
tagging. hle anticipate a greater percentage return of regar-
sized lobsters Þ¡ 3/16") during L973.

Announcements concerning the resumption of our tagging
project were mailed to commercial and recreational lobstermen

who cooperated during 1972. Ttrelr continued support is
encouraged to achieve greater tag returns, and tobster move_

ment and harvest data. Approximately 500 sub-regal sized
lobsters will be tagged in 1973.
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5.0 SUMÌ4ARY

Amendments to contract DI{F-2-72 were agreed upon and
submitted for execution. rntensifi.ed sub_surface temperature
and current monitoring ¡ cJ,4 and ATp sampling; expanded en_
trainment and impingement studi-es; and add.itionar benthic
surveys will be initiated.

Resulting from instrumentatj_on difficulties, Endeco
continuous recording thermographs are nohr empl0yed. sport
fishing statistics for rg72 have been incorporated into auto_
matj'c data processing at the university of Massachusetts.

Two water quarity stations were added tor,{i}"ekry\¿/'
sampling- Negrigible variances have been noted in water
qUal i tw tlrrnrrn'lrn,,+ c^ I -.* rr--L -_sì,¡rvuç uqÅç¡tù f¡cll-lJ(J r. Recorded values slnce project
incepti on have not been limiting factors to marine life.
Copper concentrations in soft shell clams rdmain belor¡ the
F.D.A. "alert level', of 25.O ppm.

ÍLre arnphipod, Leptochei-rus, appears to be a potential
indicator species for monitoring environmentar changes along
benthic transects in salem Harbor. Eighteen famiries of
phytoplankton have been identif ied. Excellent correlation
between chl0rophyll a levels and number of phytoplankton
organisms/m3 was achieved during the spring of LgTz; horrrever,
later seasonal sampling produced inverse relationships that wåre
attributed to ctogging in the plankton net. I{ater bottles,
now employed for phytoplankton collections, should elimj_nate
subsequent e*ors and red.uce damage to org.anisms, r,uture
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analyses of phytoprankton wirr include id.entification to
speci-es or lowest taxon possible. copepod nauprii were most
abundant in zooprankton sampres corrected during 1972.

lVinter flounder populations i and dominated
finfish sampring within salem Harbor. Eight species of fish
eggs and seven specj_es of fish larvae have been identified.
Distributi on was similar at the four monitoring statiors.
cunner eggs h¡ere identified most frequentry. Finfish entrain_
ment at the plant intakes is considered minimar Mortalitya

at Units 3 and 4 was 6 and 3L%, respectively.
IVinter f l_ounder domj-nateð, lg7 Z sport fishi ng catches from
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shore, while macker winter f lounder and pollock were about
equally creeled by boat fj_shermen. Ihree hundred seventy-one
party intervj_em¡s were conducted,

l{eekend fishermen reflected the

representlng B0S fishermen.

fi-sherman trips to sarem Harbor averaged 3 hours.
Thirty-one percent of the tagged lobsters 1iberated.

greatest effort. Sport

during 1972 have been returned. Migrations up to 4.5 nautical
miles were recorded. Recaptured lobsters experienced an average
of 25 days of freedom.
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6.2

CTÍLORINITY

Strickl and and Parson

EAIMPLING PROCEÐURES

Mod.ified Knudsen method,
(1968) .

from

300 mlrlsample of seawater.

: Titration by l{inkler method, following

Eield Co llection: 300 m/sample of sean^¡ater.

Laboratorv An s].s:

SALTNITY

Ï{YDROGEN TON

CARBON DIOXIDE

Fiçrd Analvsls: Dlrect readlng from a G.M. hydrometer,calibrated from 0 - 45 O/OO.

Field Analvsis: Hach clremicar company test kit,
Model 1Z-N.

sampres corLected from May J.5 - December 1, J,g72'h¡ere analyzed with a Hach test kj_t, Model CJ\_10.Prior to May 15 a Kontes mini-pH meter r{¡as employed.

Field Ànalvsis: Hach C}¡emical Company test kit,
Mode1 C¿,-10.

DI SSOLVED O)TYGEN

ield Co lecti 300 ml/sample of seawater fixed withml manganous sulf ate reagent and L ml alkaline iodidereagent.

Laf)ora Anal-v Q1 e. TiLration by üIinkler method.
BÏ GTCAL D

Fie d Coll on:
¡1

!r

ltlI

*a

L
7

a Anal
incubation.
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6.3

I

II

cóppen

Fie

NI TE

Fi Id Co

aJ¡or

NTTRITE

INORGANIC PHOSPHATES

Field Collection:
a

CoIl tion:

lIec on: 300 mL/sample of seawater.

aI Ultraviolet spectrophotometri cMethods (1921).

water - 1 riterr/sampre colrected in a nargene bottre.
Soft shell clam - 6/sarnple, approximately 2, in 1ength.
Lobster - J-/sampre, approximatery 3', in carapace length.

: Utilizing a modified S tricklandand Parsons 1968) method, the soft portions of clamsand 6 grams of lobster gills are digested and analyzed.

method rom Standard

ield Col cti : 300 mL/sample of seav¡ater.
L q An sl-s: Modified Griess Ðiazo reacti_onf rom Griess 1

sL

300 m\/sample of seawater.

: Colorimetric determinati on ofphosphomotvbdate complex from Flske andSu.bba Rot¡ (1925) .
uced

BENTHTC

Field colr-ection: Benthic argae and invertebrates aresampled aL sites ".i."t"a at úar¡-ðüs depth contours.Quadrats are estabrished ¡v "t[ããrrirg " r2_fL rine ro thesi-te marker g"g ør^ringing a-circre--õf lo-f. radius. Ttrefirst quadrat j_s tocáteA 2 fE from the marker, andsubsequent quadrats are rocated 2 f.t 
""a-ioõ-åoirrt""_cl0crs^¡ise frgm the former. T'his procedure i_s repeateduntir s-r/4m2 sampres are colrectäa within each circre.sampres are storeã and froz;;-i;-frastic bags unrilanalyses.
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6.4
TON

CHLORO PHYLL

FTNFTSH

Figld collection:^ phytoplankton and zooprankton arecorlected in an go mièroi: mesh nytex piánicton net.Tows are made for 2 minutes at setectãa sites andstraj-ned water volume is recorded on an g.5 cm T.S.f10w meter attached to a one meter ring. sampres aretransferred to 250 mr nalgene bottres õontaininga 5"/_" glutaraldehyde solutíon, and refrj-gerated untilanalyses.

Fierd correction: surface seawater is firtered througha 316 micron mesh nytex croth into. órrå garron nargenebottle and stored in a tight.-proof box for transportto the laboratory.

%: . s_amples are st,ored in a cool darkpJ-ace not exceed.ing ejsht hours from collection. EsLimationof extracted 
:1_g_T_ggrÍ pigrments is made spectrophotometricarryusing the scoR/uNEsco *"trrõa outrine¿ïv strickrand andParsons (1968).

Fi ld Co IIec on
sites wi th gear

: _ Duplicate sets are mad.e at selectedof the follo,r¡ing desing:

.'t
!

50 x 4 fË seine, with J./g in mesh;

120 x g ft seine, with I_I/2 j_n mesh wings and3/4 in mesh b"g;
30 x 25 fL trawl with L_L/2 in mesh wj.ngs and1 in mesh cod end;

49 x 38 ft. trawl with 5 in mesh wj-ngs and 4 .i-nmesh cod end.

seines are set pararrer to shore with the aid of a skiffand drawn ro rhe shore uv l+tt":-"i--Ëprtximarery 7s ft.Trawr cruises are along ä tix"a "ãurãã.- vthere obstructionsoccur, cruise rines are altered. Fishing time is fiveminutes with the 30 ft trawr and zo minites with the4g-ft trawl.
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6.5

Gil] nets are
gilt nets are
100
3*1

set at selected sites for 24 hours. AIIconstructed of monofllament and meas"rã-stretched mesh size range from I:l/r-L;

Finfish colte:!:d, 
":"- separateg UV species, enumerated,and measured for total fänõtf, in millimeters.

SPORT FT sHs VEY

S d
each vr¡eek.
and 8-hour
at 4-week i_
at time of

Startinq Date: mid_Àpril
End.inq Date: mid_October

Area: salem rlarbor, inside or west of a rine drawn betweenFort Pickering Light on winter ïsrand-to Naugus Headin MarbLehead-l anã trre eåÃterry srroiãrines of vtinter ïslandand Salem Neck from the-fãrt pickering Light to, andi-ncrud'ing, the p'bric pièr' at the ,roiËrr- end of sarem Neck.
Procedure: rnstantaneous fishermen counLs are conducted.f;:ff:.times during ..ãt, Ã..rrrr"y Aay ai-ianAomry selecred

Fishermen interviews are condueted throu¿-rhnrr+ .þLaoav- survev dara is iãã".a"a on form" ni|iïå"å"Foi"I"""minimum ot io percent of alr shorã ã;ã Ëoat fishermen.
children who êre fishing are included in the instantaneouscounts, âDd a separate i.arry noted. c,hirdren are notinterviewed when fishing i" trr. accompaniment of anadult.

,, One weekday and one weekend day is surveyedAlt holidavs 
"rg^surveyed. sèlection ãt a"y,shift (o - â or LO --oii -iå *.a" ar randomntervals. Ctranges in routj_ne are made onlyschedule selections.

:

FTSH EGG AND I.AR\AE

Fie Co ec on: Proced.ures employed in collecti ng andfish egg and 1arvae are identical to plankton,except for use of a L53 micron mesh nytex net.
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S LUI CEI/üAY IN\IES TICIAT] ONS

LOBSTER TAGGTNG

THERMAL BTOAS SAY

a rL Follov¡ing acclimation to roomtemperature about LEoC) 96 hour tolerance levelsfor each species are de termined. for abrupt and graduaJ-changes in water t emperature. EffecLs are noted for

Field correction: Finfish, invertebrates and marinevegetation are sampled. in the intake sluicev,rays to Units3 and 4. Traps, constructed of l/Z in welded steel rodand covered with 3/16 in stretched mesh nylon net, areperiodically placed in the respective slu-iconrays io. orr"hour intervals. AII organisms are identified,-err,r*"rated
and measured. vtater temperature and salinity'is recãrdedduring eacl. sampling intèrval

Fie1d_Co1leçlion: Divlsion personnel, aboard. commercialvessels, collect sub-Iega1 sized lobsters (g _-ã_i7e-l"lfrom Beverly and Salem Harbors. Lobsters are then transferredto a Division boat or returned. to our cat cove Laboratoryfor tagging with a fruorescent orange spherion tãt.- -

Tgqgipo Procedlrre: 
_ Tags are attached by securing astainless steet anchor- (.0L4 d.ia.) in tñe body mú.sclebeneath the abdomen with the aid of a #20 hypãdermicneedle. Each _tag is imprinted with a number and the legrend"Di-v. Mar. Fish., saleml Mass.,, Tagged lobsters are thenreleased at selected sites in Beveríf ana salem Harbors.Sex, carapace length (in millimetersi, date, and releasepoint are recorded.

Retur[. Procedure: _ Through a ptrbric al^/areness program,inclu¡ì._ing personal retteis to commercial lobstermen knon¡nto fish eeverry - sarem Harbors; distribution of postersand tag reporting forms; and articles in the local ne$¡smedia; individuars are requested to return robster tagsto our laboratory or to a cooperating fish dearer. Àrrreturns are acknowledged i-n wiiting, and tags are plaeedon-a map designating the point of õapture. Records areupdated on growth añd movèments of eãch recapture.

W: Finfish specj.es are corrected by selnesand trar^¡rs and transported to the raboratory in aeiatedcontainers of seawatero

each 5oC gradient over the range -1.0 to g2.O oC.
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Project expendj_tures as of March 31, lg73 were:
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salaries

Travel

Office & Laboratory
Supplies

Equipment

Mai-ntenance

Overhead

Subtotal

Contracts

TOTAL

Total Allotted

$ 62,8oo.oo

3,000.00

8,000.00

Total Expended

$ 60,736.06

! ,lo5 .4 2

3,499.43

ance

ç 2,063 .94

l-, 894 .59

4 ,51"1 .57

5,235.77

2,974.o8
32 0 0 l! ,287 .O4 20,772.96

$132,700.00 $ gs ,4o7 .to ç37 ,2gz.ga
74 340 00 16.90 0.o0 7 440 0

s207, O4o.oo $112 ,3 07 .10 $g¿ 7 32.90

22,500.00

4,400.00

17 ,264 .23

I ,525 .92

it

I


