N&vmzpm Lony [hre—
Cua

Bavatiiay ™W 14 eS

-

AR-1159

MERRIMACK RIVER
MONITORING PROGRAH
1976

Prepared for

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
Manchester, New Hampshire

by

NORMANDEAU ASSOCIATES, INC.
Bedford, New Hampshire

July 1977



A TR o s v s pa e @2 8 ¥ 5 E ERs 6 28

4: Dissolved Oxygen. « « & « v o o = & « & = o » o0 28

B. RESULTS AND DISCUSSIBN : . 2 v w5 a o » 5 & ¢ & o & 28
oo NUBPFEHEE w o ovn & 5 5 3 @ 0 | S W E W R e 28

25 Ph v 900G 8 i i s b mE b 4 R R 30

. TUBVAIEY o wowom a0 os oo k@ ow e e 30

4. Dissolved Oiyagen. . « « « © w5 % & s & 5 & ¥ & 31

a. MWeekly Surface Dissolved Oxygen. . . . . . . 31

b. Diel Dissolved Oxygen. . . . . . . « « . . . 32

B Bummary and Conclusions.  w wow wow wom o« 5 0w s 32

IV: BIOLOGICAYL STUDIES: « v o o & ¢ 6 ¢ s o m s % ¢ ¥ & & o o 41
E: MEVAODS. « 5 o v i o % % & & 8 6@ o 6 % 9 # & 5 41
To. CHIOTOPRVI] @ o s v 4 » #» 5 % 8 & m B ® & & 5 4 41

2. Plankton Monitoring Studies . . . . . . . . . . . 41

a. Phytoplankton; Zooplankton . . . . . . . . . 41

B: PEIORYEDE 4 5 5 5 4 9.9 549 & 4 5 & 5 9 5 42

c. Entrainment. . . . . . .. ... ... ... 43

1) Field Sampling. . . . . . « « « « « . . 43
2) Laboratory Analyses . . . ¢« « =« & & & 43

3) Statistical Analyses. . . . . . . . . . 44

3. Benthic Macroinvertebrates. . . . . . . . . . .. 44

Q. FIsh SUPUES . » = « & & # o w mm v ¢ x 5 & @ oW 46

a, Electrofishing . : « « o« oo s 5 5 5 o & = 46

b. Immature Fish Seining. . . . . . . . . . . . 47

45



C. FURE NeCEIRG « 2 w v w9 8 5 3 3 5 @ % 47

d.: Fish Toxicity Study. « + « v o & x » « o o 48

B, RESULES AND DISCUSSION . + 4 oo o ¢ ¢ « » w2 w e o 50
1. ChlorophyY) @ & + & s v w & Rt T T 50
€. ‘Plankton Studles.: « ¢ o «. 5.5 05 s a 5 5 5.8 & - 51
a. Phytoplankton. . . . . . . . . . . . . ... 51

T) Mondtortng. . s s s ww « & & s o 4 & 51

2 PerlilEoN: : « v 5 ww e v 5 ¢ 55 W R 53

3) Eatrimment . ¢ o un S8 v E R A E 9 55

4) Phytoplankton Discussion. . . . . . . . 58

5) Summary and Conclusions . . . . . . . . 63

b ZOOBISAREON: + 5 o v « v w8 & 5 & @ B W% 83

1) Mondtoring. « s « = 5 5 .6 & & 2 & & o . 83

2) Entrainment . . . . . . . . . . .. .. 83

3) Summary and Conclusions . . . . . . . . 86

C: JTehthyoplanktofi: « « « w e w @ & 5 % 3 o 90

3. Benthic Macroinvertebrates. . . . . . . . . . . . 92
Summary and Conclusions . . . . « « + + v « « + 100
4. Fisheries SUrveys . . . . « « v o o o o = + = o = 100
2. FETEcEvofishiIng : ¢ . s s s i o % o« 3 100

b. Immature Fish Seining. . . . . . . . . . . . 102

g, Fyke Netfing « « v « o « w o o ¢ ¢ o & o 105

4. PIsh ToRieIYe v o o o v 5 s 0 @ ¥ » & % s 110

e. Thermal Preference in Fishes: A Literature

SHPURY o % 0 Ak s e max a mm Em e @ % A S 112

iii



10.

LI

12.

13.

14.

15.

LIST OF FIGURES

Location of sampling stations. . . . . . A e R T e e T
Mean daily discharge at Hooksett Pond. . . . . . . . . . .
Range of daily Garvin's Falls discharge (cfs), 1969-1976 .

Mean daily water temperature (°C) at stations N-10, Zero

AN S5Ge 5 b o m A B o R B R & R e D e R

Thermal profiles (°C), July 22, 1976, Mean Daily Flow =

IR s v v TR E R PR A S E A W R e e

Thermal profiles (°C), August 26, 1976, Mean Daily

Flow = 47.2 CMS. &« v v & v v v v e a s v e e e e e e e .

Thermal profiles (°C), October 13, 1976, Mean Daily

El1owW 5 .88 BM8y v o w % o & % % % el e ¥ & B 8 W o E W

Weekly diatom abundance in near-surface and subsurface

DIANREON SHBIES & ¢ & « v v s B @ /% & & 5 B @B & 5 5

Weekly green algae abundance in near-surface and sub-
surface plankton samples . . . . . . . . . . . . . ...

Weekly bluegreen algae abundance in near-surface and

subsurface plankton samples. . . . . . . . . . . . « . ..

Weekly golden-brown algae abundance in near-surface

and subsurface plankton samples. . . . . . . . . . . . ..

Percent composition in monthly periphyton samples. . . . .

Weekly zooplankton abundance in near-surface and sub-

" surface plankton samples . . . . . . . ¢ &« 4 4 0 e 44 .o

Mean diversity, redundancy and number of taxa at twelve

benthic macroinvertebrate sampling stations. . . . . . . .

Mean sediment particle size and percent volatiles by
weight at twelve benthic macroinvertebrate sampling

SEAEYONE + o 4 s s s M E W @ & 5§ 5 5 5 S ME b 9 8 B 5w

12

13

14

17

20

65

66



16.

17,
18.

19.

20.
2l
2.
23,
24.

Catch per unit electrofishing effort per 2.2°C (4°F)
INEEPVETL s & & & < o o % i @ B & & N e %R W ¥ % B % 4 A%

Catch per unit seining effort per 2.2°C (4°F) interval. .

Thermal preference of largemouth bass, Micropterus
FHIHEEaeE w0 B W % ke W T A e e B e e T

Thermal preference of smallmouth bass, Micropterus
dolortattl + =« w 9 & % & 5 % & & 8§ b e E 5§ @ @@

Thermal preference of pumpkinseed, Lepomis gibbosus . .

Thermal preference of redbreast sunfish, Lepomis auritus.
Thermal preference of yellow perch, Perca flavescens. . . .
Thermal preference of white suckers, Catostomus commersont.

Thermal preference of brown bullheads, Tetalurus nebulosus.

vi

PAGE

125

. 126

127

128

: 149
. 130

131
132
133



10.

11,

12.

13.

14.

15,

LIST OF TABLES

WEEKLY WATER TRANSPARENCY (SECCHI DISC DEPTH, METERS)
AT FOUR STRIIONS. . o » + w6 o & a6 w w0 oo w30 e e

?EE?LY TEMPERATURE PROFILES: MONTHLY MEANS AND RANGES
o
C ...........................

WEEKLY TEMPERATURE PROFILES: MONTHLY MEAN SURFACE-TO-
BTN S i s v s kn A o w9 GBS REN $ &

ENVIRONMENTAL CONDITIONS DURING MONTHLY CROSS~SECTIONAL
TEMPERATURE PROBILES. s « /5 v 4 ¢ o 5 a o6 % % % o & & %

MEAN MONTHLY NUTRIENT CONCENTRATIONS (mg/1) BY STATION. . .

SEASONAL MEAN NUTRIENT CONCENTRATIONS (mg/1) AT LOCATIONS
UPSTREAM* OF THE MERRIMACK STATION. . . . . . . . . . . . .

MEAN MONTHLY pH VALUES BY STATION . . . . « « . . « . « . .
WEEKLY TURBIDITY MEASUREMENTS (FTU) . . . . . . . . . . . .

MONTHLY MEANS AND RANGES FOR SURFACE DISSOLVED OXYGEN
CONCENTRATIONS (g/1) « 4 o o % 4 5w » @ 9 % & » & w s

MEANS AND RANGES OF TEMPERATURE AND DISSOLVED OXYGEN
PROFILES FROM DIEL DISSOLVED OXYGEN STUDY, AUGUST 19-20,

MEAN MONTHLY CHLOROPHYLL a CONCENTRATIONS (ug/1) BY
RN v @ 0 5 A6 d AAAD RBSEA D oSS WS

MEAN MONTHLY DIATOM ABUNDANCE AND PERCENT COMPOSITION
OF NEAR-SURFACE PLANKTON SAMPLES. . . . . . . . . . . . ..

MEAN MONTHLY DIATOM ABUNDANCE AND PERCENT COMPOSITION
OF SUB-SURFACE PLANKTON SAMPLES . . . . . . . . v . . . ..

MEAN MONTHLY GREEN ALGAE ABUNDANCE AND PERCENT COMPOSI-
TION OF NEAR SURFACE PLANKTON SAMPLES . . . . . . . . . ..

MEAN MONTHLY GREEN ALGAE ABUNDANCE AND PERCENT COMPOSI-
TION OF SUB-SURFACE PLANKTON SAMPLES. . . . . . . « . . . .

vii

PAGE

34



16.
17,
18.
19.
20.
21.
22.

23,

24,
25,
26.
g
28l
29.
30.

< B
32.

MEAN MONTHLY BLUSGREEN ALGAE ABUNDANCE AND PERCENT
COMPOSITION OF NEAR-SURFACE PLANKTON SAMPLES. . . . . . . .

MEAN MONTHLY BLUEGREEN ALGAE ABUNDANCE AND PERCENT
COMPOSITION OF SUB-SURFACE PLANKTON SAMPLES . . . . . . . .

MEAN MONTHLY GOLDEN-BROWN ALGAE ABUNDANCE AND PERCENT
COMPOSITION OF NEAR-SURFACE PLANKTON SAMPLES. . . . . . . .

MEAN MONTHLY GOLDEN-BROWN ALGAE ABUNDANCE AND PERCENT
COMPOSITION IN SUB-SURFACE PLANKTON SAMPLES . . . . . . . .

MEAN MONTHLY ABUNDANCE AND PERCENT COMPOSITION OF
DIATOMS IN MONTHLY PERIPHYTON SAMPLES . . . . . . . . . . .

MEAN MONTHLY ABUNDANCE AND PERCENT COMPOSITION OF
GREEN ALGAE IN MONTHLY PERIPHYTON SAMPLES . . . . . . . . .

MEAN MONTHLY ABUNDANCE AND PERCENT COMPOSITION OF
BLUEGREEN ALGAE IN MONTHLY PERIPHYTON SAMPLES . . . . . . .

WATER TEMPERATURES, CHANGE IN PERCENT OF LIVE PLANKTONIC
ORGANISMS, AND CHANGE IN CHLOROPHYLL a CONCENTRATIONS AT
PAIRED ENTRAINMENT SAMPLING STATIONS. . . . . . . . . . . .

MEAN MONTHLY ZOOPLANKTON ABUNDANCE IN NEAR-SURFACE
PLANKYON SAMPLES . o o oo v 0 5 & w o miw oo o w0 8 & & @ @0 % o

MEAN MONTHLY ZOOPLANKTON ABUNDANCE IN SUB-SURFACE
PLANKTON SAMPLES. o . v @ o s 4 s s s e mmig ¢ 8 3 » % %

NUMBER OF LIVE AND DEAD IMMATURE FISH COLLECTED DURING
WEEKLY TUCKER TRAWL TOWS. . . « ¢ + ¢ o o o o o o & o & o

PERCENT COMPOSITION OF MAJOR TAXA COLLECTED IN HOOKSETT
POND MACROINVERTEBRATE SAMPLES. . . . . « . « « ¢« ¢ « « « .

MEAN BENTHIC MACROINVERTEBRATE DENSITY (number/mz) AT

THELVE SAMPLING STTES . - - & o & 5 5. 6 s 4 & 5 & & & &

CATCH PER ELECTROFISHING STATIOM,JULY 15-22,1976. . . . . .
CATCH PER ELECTROFISHING STATION, AUGUST 16-18, 1976. . . .
CATCH PER ELECTROFISHING STATION, SEPTEMBER 8-17, 1976. .

MEAN NUMBER OF INDIVIDUALS SAMPLED PER ELECTROFISHING
STATION FOR SIX PREDOMINANT FISH SPECIES. . . . . . . . . .

viii

PAGE

75

76

77

78

79

80

81

82

88

89

91

92

95
134
135

. 136



33.
34.

as.
36.

37

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

NUMBER OF INDIVIDUALS CAPTURED BY SEINING. . . . . . . . . 138
MEAN MONTHLY CATCH PER UNIT EFFORT AT FIVE STATIONS

BASED ON WEEKLY ' SEIRING: + v v o o v v 5 s s ww e % & & 139
TOTAL MONTHLY FYKE NET CATCHES AT FOUR STATIONS. . . . . . 140
ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES

OF SMALLMOUTH BASS (AFTER LOG TRANSFORMATION). . . . . . . 141
ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES

OF YELLOW PERCH (AFTER LOG TRANSFORMATION) . . . . . . . . 142

ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES
OF PUMPKINSEED (AFTER LOG TRANSFORMATION). . . . . . . . . 143

ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES
OF WHITE SUCKER (AFTER LOG TRANSFORMATION) . . . . . . . . 144

ANALYSIS OF VARIANCE FOR MERRIMACK RIVER FYKE NET CATCHES
OF BROWN BULLHEAD (AFTER LOG TRANSFORMATION) . . . . . . . 145

LENGTH-WEIGHT RELATIONSHIPS* FOR SMALLMOUTH BASS,
YELLOW .PERCH, AND PUMPKINSEED CAPTUERED AT FOUR
STATIONS. & « o s v w0 @ 0 & @ e ww e % & & 8 o W 5 e § 146

MEAN TOTAL LENGTHS FOR SMALLMOUTH BASS, YELLOW PERCH,
AND PUMPKINSEED, WITH SIGNIFICANT LEVELS FOR AMONG-

STATION DIFEERENCES: & & & ¢ & 4 3 m 3@ 8 8 2 3 & o 9 @ 2 147

MONTHLY AGE DISTRIBUTION BY STATION FOR SMALLMOUTH BASS

CAPTURED BY FYKE NETTING . . « o & w o oo ¢ v » 0 » w o 148

MONTHLY AGE DISTRIBUTION BY STATION FOR YELLOW PERCH

CAPTURED BY FYKE NETTING & » 5 ¢ & 5 e o o 5 & 4 % @ & 149

MONTHLY AGE DISTRIBUTION BY STATION FOR PUMPKINSEED -

CAPTURED BY FYKE RETTING o o « s « o n w o o ® o o 2 » o 150
- FISH TOXICITY STUDY, SERIES 1, JULY 29-AUGUST 13, 1976 . . 151

FISH TOXICITY STUDY, SERIES 2, AUGUST 23-SEPTEMBER 7,

918 ¢ o9 3 9 7 VR T EECH AR HER BT 566 0@ 152

FISH TOXICITY STUDY, SERIES 3, SEPTEMBER 30-OCTOBER

18, TIB &« « v 4 2w o 5 » & 4 3 @w ® 8 = & » % * e e 163

1975-1976 FISH TOXICITY SUMMARY. < s w w5 & & 3 o %@ & 154

ix



