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ABSTRACT

Folrowing extensive monitoring during the smelt sampling
seasons of 1989 and 1990, it was det.ermined that the Forest ni.rei
does, not support a run of anadromous rainbow smelt. Approximately
75 m'of potential spawning substrate above the fresh anã saltwatelinterface was monitored for smeIt. egg deposition. This habitat. wasfound to be i]1-suited for smelt. spawning due t.o the followingconditions: l-ow f reshwat.er volume and verocit.y, siltat.ion oÉsubstrat.e, and encroachment of the common rãed (phragmites
australis) . The flow and siltation problems coul-d be a function oftft" reeds expanding into the stream channel. Subsequent. visits t.ot!" sample location in l-994 found a larqe increase in the densityof reeds and area occupied since 1990. Àt present, it appears thalpassage from the brackish marsh region up t.o the fresñwater zone
would not be possible for adult sme1t. Due t.o this overall lack ofpotent.ial of smel-t spawning habitat., no recommendations are of f ered.for introducing/rest.oring smel-t t.o the Forest Rivei
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]NTRODUCTION

The Forest River (Salem, Mass. ) was monitored in 1989 and 1990to determine if a rainbow smelt, osmerus mordax, spawning run waspresent. Prior to this study, it was not. known if smelt spawned inthe Forest. River. The Forest River was included in the Massachu-setts Bay Smelt Spawning Habitat Monitoring Program because anearlier survey found substrate in the freshwãter zor\e withpotential to provide spawning habitat. The primary objectiveof the program is to document temporar, spãtiar and bì_ologicalcharacteristics of smelt spawning in Masèachuset.ts Bay ii.rersystems. The result.Íng baseline dat.a can be applied to resource
management goals of prot.ecting valuable estuarine and riverhabitats and sustaining t.he commonwealth's smert fisheries.

A valuable fa1l and wint.er fishery for smel-t. exists in many
communit.ies along the coast of Massachusetts. Smelt migrat.e f romcoastal waters into est.uaries in the fall and are fishãd by hookand line until the fishery is closed from March 15th to ,-Tune t-5thto prot.ect spawning fish. Massachusetts Bay smelt populat.ions aresuspected to be well below historical level-s of abundance.
Consequent.ly, sport.fishing cat.ch and effort has sharply declined inthe past. decade. Smelt are anadromous, mat.uring in-cóasta} waters
and t.he lower reaches of estuaries, Lhen ascend into the freshwater
zone to spawn in the increased f l-ow of shallow rif f l-es during
springt.ime spawning runs. Eggs adhere Lo the substrate and aquatiãveget.ation. Observations of deposited eggs form the basiè fordelineating smelt spawning habitát.

. New England smel-t populations exhibit. much variability between
5iygt systems in the t.iming of spawnJ-ng and selection of spawninghabitat, using a range of wàt.er tãmperature, salinit.y and substratetype (Kendall t92'7; Bigelow and Schroeder 1953; nupp 1959). past.
investigations of Massachusetts smel-t runs found that spawningtypically initiates in early to mid-March when water temperaturesreach 4-6 co, and concludes in May (crestin Lg'73; Lawton et al .1990). Spawning smel-t concentrat.e at. suitable habitat beyond t.heinterface of fresh and brackish water at night during floo¿ t.ides(clayton a976; Murawski et a1. 19Bo) . Ãfter spaîning, smertusually leave the spawning habit.at t.o inhabit deeper doinstream
areas. during daylight. spat.ial and seasonal variability inspawning, nocturnal spawning, and a closed season for fishing a1lcontribute to a lack of familiarity and documentation of smelt
spawning habitat in many coastal_ river systems.

Secondary objectives of the program include the character-ization of river sysLems through the ctllection of baseline waterchemistry data, the collection of ichthyoplankton data, and the
documentat.ion of t.he occurrence of other ãnädromous species. Thisreport documents sampling in t.he Forest. Ri-ver system, which is oneof approximately thirty Massachusetts Bay river- systems chosen forstudy since t.he program was initiated in l-988.



STUDY AREA

The Forest River is located in the North Coasta] Basin of
Massachuset.ts (Halli\^,'ell et al. 7982) , between Boston Harbor and.
Cape Ann (Figure 1) . Freshwater flow in t.he Forest River
originates from Thompsons Meadows and other wet.l-ands in western
Salem. The Forest. River flows into Salem Harbor at the boundary
between Salem and Marbl-ehead (Figure 2) . Tidal influence occurs
for approximately 1.5 km upstream of the Sa1em Harbor mout.h. For
about 0.5 km above tidal influence, and before Thompson Meadows,
the river takes the dtrrtrled.r.d.llce or d srnal-l-, woodland creek.

Very few st.udies of any kind have been conducted in the Forest
River, and the hydrology has not. been described. The total fresh-
water flow has not been documented, but it. is apparent that.
freshwat.er is a small portion of the total water volume found. in
the estuary relative t.o the tidal exchange during most weather
conditions and tide stages. The mouth of Forest River is known
locally as the "Lead Mills". A lead miIl operated there for
approximately 100 years, beginning in L826 (Essex Inst.itute 1"97L) .

A study conducted by DMF on heavy metal concentrations in soft-
shell clams (Mya arenaria) found average lead concentrat.ions in
Forest River samples t.o be 10 times great,er than the average
concentrations from other SaIem Harbor locations and samples
collected from Boston Harbor (schwartz et al. 1993). Moore and
Delpapa (tggz) present.ed dissolved ox)'gien sampling and d.iscussed
the potential ecological impacts of t.ne Forest River tide gatês
located near the ri-ver mouth. These t.ide gat.es are required. to
operate from ,June lst. until the first Monday in Sept.ember for the
purpose of retaining wat.er in an upstream wading pond (MGL, chapt.er
593) and have been in operation for over 60 years.

. The Forest River was selected for monitoring aft.er a 19BB
Furvey by t.his program found a smal-l stret,ch of potential spawning
habit.at upstream of the tidal marsh. No previous st.udies havã
documênted smelt spawning in Lhe Forest Rivèr. Adult smel-t. were
caught in the Forest River in the early 1970s by DMF biologist.
using hoop nets upst,ream of Rout.e 14, but no evidence of smelt
spawning has been reported (C.O. Anderson, pers. comm.)1.

Three sites were select.ed for sampling during the 1989 and
1990 smel-t. spawning seasons. The abandoned railroad trestle at the
mouth of Forest River on Salem Harbor (FR-1) was selected for water
chemistry and ichthyopl-ankt.on sampling. This site is immediately
downstream of the Rout.e lLA tide gates. A second water chemist.ry
site was selected at the Route 1A intersection with the river (¡'n-
2) . A thi-rd site was selected for water chemistry and spawning
habitat sampling above t.he fresh and saltwater interface (FR-3) .

This site was 130 m upstream of the wood walk bridge in t.he marsh
near the Sa1em Stat.e South Campus property (Figure 3) .

1 C.O. Anderson, Senior Marine Fisheries Biologist, DMF,

¿

Salem.
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Figure 1. North Coastal Basin
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MASSACHUSETTS DIVISION OF MARINE FISHE,RIES
Massachusetts Bay Smelt Spawning Habitat Monitoring Program

Figure 2. Forest River

Sample l¡cations: FR - 1" Forest River, railroad bridge
FR - 2 Forest River, Rt. 1A
FR - 3 Forest River, freshwater interface
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METHODS

Spawning sites were surveyed twice each week during March,
April, and May. During each visit, the substrat.e was inspected for
smert. eggs and waLer chemistry was sampled. Eggs were identified
on t.he basis of size, oil globule, and seasonal comparison wit.h
other species (El1iot and ,Jimenez 1981) . Site visits were notfixed t.o a targeted time of day or tide stage, but cannot. be
described as random due to t.ravel logist.ics and const.raint.s within
t.he samplinq schedule.

water chemistry, weather and tidal- influence data were
recorded at all sample sites. Air and wat.er t.emperature measure-
ment.s were taken with stem thermometers (t 0.5 Co) . Salinity was
measured using a Rej-chart. temperature compensated salinity
refractometer (t 1.0 ppt) . Water pH was measured with an Orion SÃ
250 pH meter (t 0.1- pH) . Dissolved oxygen was measured with a ySI
model 518 meLer (t 0,2 mg/l) . Weather conditions were noted using
a descript.ive index (Appendix) . Tidal conditions for Boston Harboi(White 1989 and 1990) were used along with local observations t,o
determine t.idal influence and tide stage (t 0.5 hour).

Prior t.o sampling, and at t.hree hour intervars, the pH meter
was calibrated using standard pH buffers, and the D.o. meter was
calibrated to the ambient oxygen level. The salinity refractometer
was zeroed each week v¡ith distilled wat.er. Stem thermometers were
cal-ibrat.ed with a certif ied t.hermomet.er bef ore each season(acceptable range of + 0.5 C'). Bottom water samples were
corlected with a van-Dorn style horizontal water samprei.

Ichthyoplankton were collected from locat,ion FR-1 for the
purpose of confirming smelt larvae presence and charact.erizing the
spri-ng icht.hyplankton communit.y in the Forest, Rir¡er. A o . r¿ m'
rectangular plankton net with 0.505 mm mesh, was used to sample t,he
ebb frow of surface water, within 2 hours of high tide. A 2030-R
General Dynamics flowmet.er at.tached to t,he net frame was used t.o
measure st.ream flow rates (m/sec) and water volume sampled (mt) .
Samples v'/ere preserved in 5? phosphate buf f ered f ormalin andreturned to the laboratory for sorting and microscopic analysis.All finfish eggs and larvae were measured to the nearest 0.1 mm and.identified with the aid of manuals by colton and Marak (1969),
scott.on et al-. (L973) , Lippson and Moran (:-9:.4) , and Elliot and
Jimenez (1981) .

After the completion of two sampli-ng seasons, sLream measure-
ments were made of potential smelt spawning habitat. The area of
stream bed where smel-t could potent.ially spawn was determined bywetted perimet.er measurements with a tape measure (t 0.5 *).
Measurements \^/ere made in locations where suitable substrate andwater flow conditions existed for attracting spawning smelt.
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RESULTS

No conclusíve evidence of smelt spawning in the Forest River
was found during 1989 and 1990 sampling visit.s. Two demersaf eggs
were found on April 4, 1989, adhered to a rock near location FR-3.
The eggs were approximately 1 mm in diamet.er, and had the general
appearance of smelt eggs. The eggs were not brought back to the
laboratory for identification because it v/as assumed many more
would be coll-ect.ed in subsequent. visits. The two eggs \^/ere gone a
few days later and no other eggs were found throughout extensive
sampling efforts for t.he remainder of the 1989 season and in 1990.
Nine ichthyoplankton samples taken at. locat.ion FR-1 produced eight
species of fj-sh, but no smelt larvae (Tables t and 2). Sand lañce
(Ammodytes americanus) were the most common fish l-arvae caught for
the March-May sampling period, in terms of frequency of occurrence
and frequency by number. No observations of adult smelt were made
in t.he Forest River estuary during the two seasons.

Upstream conditions were found to have very limited potential
for smeIt. spawning habitat.: freshwater flow was minimal to at.tract
adult sme1t, much of t.he substrate was covered with fine sediments,
and the common reed (Phraqmites australis) had encroached the
stream channel becoming an impediment t.o fish passage. Above the
wood walk-bridge, reeds had begun Lo colonize the st.ream channel
with roots that t.rap detritus and slow down water velocity. This
Iocation was revisited in September L994 and the reeds were found
t.o have expanded great.ly s.ince 1990. FulI size reed stalkspresently are found in thick pat.ches in the sLream channel a.bove
the walk-bridge. Under these conditions, the stream channel is nowpoorly defined and smelt passage is probably not possible.

Surface water chemist.ry measuremenLs of temperature, salinity,
pH, and dissolved oxygen.did not produce unusual results during tñe
study period (Table 3) . Spring-t.ime dissolved oxygen l-evels \,vere
at or near saturation for all measurements. Measurements of pH at
the upstream sample site (FR-3) did not reflect acidic conditions
as seen in other Massachusetts Bay drainages studied in thisprogram. The pH at FR-3 averaged 't.6 in 1989 and 7.5 in 1990.
Tidal influence was observed occasj-onal1y at FR-3, yet salinity was
not detect.ed during routine sampling visits. During a recent visit
coinciding with a very high tide (Sept. B, L994, l-l_.6 ft., high
+0.5 hrs. ) a st.rong presence of the salt wedge was observed at,
FR-3. With freshwater flow seasonally depressed, the salt wedge
raised the stream depth at. FR-3 t,o approximately 0.75 m with e ppt
salinit.y on t.he surface and 20 ppt on t.he bott.om. Tidal influence
extended up over 50 m above FR-3. surface salinity at FR-1
averaged 24 . I ppt in 1989 and 23 .2 ppL in t-990. Eight bot,tom wat.er
measurements were made at FR-l- during the two seasons and averaged
29.4 p_pt (high tide + 2 hours) . The water chemS-stry, particulaily
pH and salinity, ât t.he mid-estuary location FR-2 varied widely,
depending on the tide st.age.

Measurements v¡ere made of the stream bed near FR-3
Limited pot,ential for smert spawning. The stream length of
matched with a width of l-.5 m t.o produce a maximum area of 7

wi-th
50m-)5 m-.
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DISCUSSTON

It is reasonable Lo conclude that a smelt. run was not present.
in the Forest River during the 1989 and 1990 seasons. The two eggs
observed but not identified in April of 1989 could have been the
following: smelt eggs from a stray of a near-by run (saugas River
or Danvers River), smelt eggs from a remnant, of a dwindling Forest
River population, or eggs from another species. No other eggs were
found during ext.ensive searches over t.he small amount of poient.ial
habitat (lS m2) . It is possible t.hat the Forest River once
supported a smelt population, but historical document.ation is
lacking. The present encroachment of reeds in Lhe stream channel
and related reduction of freshwater flow velocit.y offers l-it.tl-e
attraction for spawning smelt and may prevent upst.ream passage.
Given t.hese condit.ions, and superior alt.ernative locaCions in
Massachusetts B"y, it. is recommended that. the Forest River is not
considered for smelt. restoration projects.

rt is possible t.hat the operation of the tide gates hascontributed to the encroachment of Phragmites and resulted in
degraded substrate conditions at the sal-twater/freshwater
interface. Moore and DelPapa (fggO) hypothesized that increased
t.ide gate operations have denied the upland border of the marshperiodic salt.water flushing and this has resulted in the Phragnites
invasion. They furt.her note that changes in marsh veget.atioñ have
been noticed over the l-ast 2s years and changes have been
especially pronounced in t.he five years prior to their study. This
conclusion is consistent wít.h the sharp increases in Phragmites
densities 50 m above and bel-ow the wood walk bridge observed
between 1990 and recent. visits in 1994. It is recommended that
studies be conduct.ed to quantify potential impacts of t.ide gate
operat.ions on marsh veget.ation and river substrate conditions. A
time series of aerial photographs from t.he past few decad.es may
allow for est.imates of vegetation changes. It is also recommendeá
that local- authorities evaluate tide gate operat.ion al-ternatives
that will all-ow nat.ural condit.ions of tidal flooding t.o ret.urn.

In addition to fish species coll-ected during ichthyoplankton
sampling, other species were observed during .site visits.
American eel-s (Anguirla rostrat.a ) were observed on several
occasions in the Forest. River, usually of the size class of first
year glass eels. Sand shrimp (Crangon sept.emspinosa) were observed
on 9-8-94 during a very high ti-de that. brought t.he salt wedge well
above FR-3. The shrimp were moving upst.ream with the f l-oodiñg salt
wedge, staying below the fresher surface water (e ppt saliñity).
Mummichogs (Fundulus sp.) and freshwater ye11ow perch (perca
fravescens) were observed below the shrimp, mingring in the.20 ppt
salinity bot.tom water. These salinity condit,ions were not observèa
during the spring sampling at FR-3 when freshwater flow was much
higher.
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Table 1 Summarv of Forest River lchthvoolankton Samples: 1989-19g0

Pooled Samoles

Sample number:

Sampling period:

Ave. tide stagê:

Average velocity:

Velocity range:

9

March 17th - May 24th

high + 1.0 hrs.

0.526 m/sec.

0.315 - 1.067 m/sec.

Ave. densisty:

Dens¡ty rangel

9.6larvae/ IOO m3

0.0 - 100larvae/ 100 m
3

SPECIES LIST

Larvae

sand lance
grtibb!
radiated shanny
three-spined stickleback
Atlantic silverside
yellowtail flounder
seasnail

Eoos

Paralichthyes-Scopthalmus group

Ammodytes americanus
Myoxocephalus aenaeus
Ulvaria suþbilurcata
G asterosteus acu leatus
Menidia menidia
Limanda ferruginea
Liparis sp.

Total
Number

102

53

Percent
of Total

Frequency of
Occurrence

86

7

3

1

1

1

2

85.1

6.9
3.0
1.0

1.0

1.0

2.0

44.4 o/o

33.1 o/o

11.1 o/o

11.1 o/o

11.1 o/o

11.1 o/o

11.1 o/o

(4/s)
(3/s)
(1/e)
(1ie)
(1/s)
( 1/s)
(1/e)

100 o/o

100 o/o 11.1 o/o ( 1/9 )

Notes: Samples were collected from the railroad trestle at the mouth of Forest River (FR-1), using a 0.'t+ m2
0.505 mm mesh plankton net on the surface during the outgo¡ng t¡de.

Paralichthyes-Scopthalmus group eggs are most likely windowpane flounder, Scopthalmus aquosus
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Table 2. Forest River lchthvoplankton Samoles: 1989-1990

Date Velocity

(m/sec.)

Sample
Volurne

t'nl
Species Type Number

Average
Size Number

(mm) gtoom3¡

3-1 7-89 0.455

4-1 8-89 0.354

5-02-89

5-1 6-89

0.391 75.56 none

0.315 52.99

sand lance
grubby

Liparis sp.
sand lance

3-spined stickleback
P-S group

8.7
4.4

13.1
6.5

2.6
11.7

41.0
1.0

76.4

77.3

larvae
larvae

larvae
larvae

none

juvenile
egg

10
5

4.3
11.6

2
I

1

53
1.9

100.0

3-15-90 0.627 105.41

3-21 -90 0.537 58.60 none

4-20-90 0.s50 92.36

0.443 74.39 none

1.067 161.40

sand lance
grubby

sand lance
grubby
yellowtail flounder
Unidentified fish

radiated shanny
Atl. silverside
Unidentified fish

larvae
larvae

none

larvae
larvae
larvae
egg

larvae
larvae
egg

6.4
4.7
5.0

63
1

9.2
5'4

59.8
1.0

5-1 0-90

5-24-90

3
1

1

1

4
1

1

1

3
1

'1

4.
1.
1.
1.

1.9
0.6
0.6

8.0
5.1

notes: Samples taken from abandon railroad trestle downstream of Route 114.

Ave. size: total length for larvae, diameter for eggs
P-S group eggs: Paralichthyes-Scopthalmus group
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Tabte 3. Forest River Water Ghemistry Summary

Forest River Soawnino Location (FR-31

Site
Year Visits Air Temp.

(Ave. C)

NOAA
Air Temp.

(Ave. C)

Temp.

(Ave. C)

SURFACE WATER CHEMISTRY

Salinity pH D.O.
(Ave. ppt) (Ave.) (S.D.) (Ave. ms/l) (S.D.)

1 989

1 990

21

23
8.0
9.2

8.3
8.2

7.6
7.5

11.5

11.6

0.2
0.8

0.0
0.0

0.26
0.16

1.61

1.71

Forest River Railroad Trestle (FR-1)

Year
Site

Visits Air Temp.

(Ave. C)

NOAA
AirTemp.

(Ave. C)

Temp.
(Ave. C)

SURFACE WATER CHEMISTRY

Salinity pH D.O.

(Ave. ppt) (Ave.) (S.D.) (Ave. mg/l) (S.D.)

1 989

1 990

19

17
7.7
9.2

9.5
10.6

24.8

23.2
8.0
7.9

0.22
0.19

9.7
10.8

1.26

1.41

8.3
8.2

Notes:

NOAA Air temperaturê data are from Peabody, Ma., station (NOAA 19Sg-1990).

Date are averages of individual samples taken in March, April and May (reported in Appendix).
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DATE TIME OF

DAY

TIDE

STAGE

AIRTEMP
(c)

1.0
-6.5
-1.0

7.0
10.0
6.0
3.0

21.0
6.5
8.5
7.5

10.0
12.0
3.0

12.0
7.5
9.0

13.0
13.0
12.5
13.5

8.0

SALINITY

3-03-89
3-07-89
3-1 0-89
3-14-89
3-1 7-89
3-21 -89
3-24-89
3-28-89
4-04-89
4-O7-89
4-1 1 -89
4-14-89
4-1 8-89
4-22-89
4-25-89
4-28-89
5-02-89
5-05-89
5-1 2-89
s-16-89
6-07-89

1503
't312
1615
1522
1016
1405
1 638
1545
1230
1610
1530
1 615
1045
141 0
1 255
1425
1135
1558
1751
1310
1325

low +0.5 hrs
high +1.5
high +2.0
low +4.0
high +2.0
high +2.5
high +3.0
low +5.5
high +1.0
high +2.5
low +4.5
low +3.0
low +5.5
high tide
low +3.0
low +2.0
high +1.5
high +3.0
low +5.0
high +3.0
low +4.0

APPENDIX

Sample Site:

Year:

TIDAL TIDEAMP. WEATHER

TNFLUENCE (ft.) INDEX

9.4
1 1.5
11.2
8.6
9.3
9.8
9.5
8.3
10.9
11.2
9.1
9.2
9.3
9.2
8.7.
8.6
10.3
10.7
8.7
8.8
9.4

Table 4. Water Chemistry

Forest River, Spawning Location (FR-3)

1 989

No
Yes
Y
N
N
N
N
Y
Y
N
N
N
N
N
N
N
N
N
N
N
N

4
3
1

1

2
4
5
2
5
1

2
1

4
2
1

1

6
3
3
4
5

WATERTEMP
(c)

4.0
1.0
3.5
5.5
5.5
5.5
7.0

13.5
8.0

12.5
10.0
11.0
11.0
11.5
12.5
14.5
11.0
17.0
16.5
15.5
17.5

10.2

(ppt)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

pH

7.7
7.7
7.6
7.7
7.7
6.9
7.7
7.5
7.2
7.4
7.6
7.8
7.8
7.8
7.9
7.9
7.4
7.9
7.4
7.3
7.7

7.6

D.O.

(ppm)

12.5
14.2
13.2
12.6
13.6
13.0
12.4
13.3
11.9
10.4
11.6
10.7
11.5
11.3
11.0
10.'l
11.7
9.6
9.5
9.'1

8.2

11.5
Season
Average

Tidal delay: t hour from Boston
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APPENDIX

Sample Site:

Year:

Table 5. Water Chemistry

Forest River, Spawning Location (FR-3)

1 9î0

DATE

3*02-90
3-05-90
3-09-90
3-15-90
3-21 -90
3-22-90
3-26-90
3-30-90
4-02-90
4-06-90
4-1 2-90
4-1 6-90
4-20-90
4-23-90
4-27-90
4-30-90
5-08-90
5*10-90
5-1 5-90
5-1 7-90
5-21 -90
5-24-90
s*28-90

TIME OF

DAY

TIDE

STAGE

WEATHER

INDEX

AlRTFtvlP.
(c)

TIDAL TIDE AMP.

TNFLUENCE (ft.)
WATERTEMP

(c)

4.0
4.0
4.0

10.0
6.0
9.0
8.5
5.5
6.0
8.5
9.5

10.0
10.0
17.O
15.0
1 1.0
12.5
19.0
17.5
14.0
1 1.0
15.0
22.O

SALINITY

(ppt)

pH

7.8
7.5
7.7
7.5
7.5
7.5
7.5
7.5
7.4
7.3
7.7
7.6
7.7
7.3
7.2
7.7
7.7

D.O.

(ppm)

14.1
14.2
14.8
12.2
12.0
't2.0
12.8
12.9
12.6
12.0
11.6
12.8
13.0
10.2
11.5
9.9

11.0
9.2

10.4
9.0

10.0
10.6
8.4

11.6

1248
1220
1 150
1445
0808
1 650
1249
0815
1125
1805
1915
1055
1045
1555
1 030
1 030
1037
1500
1042
1445
1605
1440
1 526

low +3.0 hrs
low tide
hlgh +1.0
high tide
hlgh +1.0
low +3.0
hlgh +1.5
low tide
high +5.5
low +1.5
hlgh +4.5
low tide
high +2.0
hlgh +4.5
low +2.0
high +5.5
low +4.5
hlgh +1.5
low l¡de
low +2.5
low tide
hlgh +2.0
low +5.5

No
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

9.8
10.1
10.2
9.2
8.9
9.2

10.9
10.3
10.4
9.7
9.3
9.4
9.3

10.4
10.5
11.0
9.2
9.1
8.5
9.4
9.8

10.4
9.9

't

1

1

2
5
2
2
3
4
4
3
1

4
2
2
b
4
4
2
4
4
2
1

0.0
CI.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

3.5
-3.0

1.0
13.0
3.0

10.0
9.5
2.5
4.5
4.5
2.0

12.0
9.0

12.5
25.0

7.5
9.5

20.5
20.5
9.5
6.0

10.0
19.0

7.3
7.5
7.4
7.5
7.5

Season
Average

Tidal Delay: t hour from Boston

9.2

15
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DATE TIMEOF
DAY

TIDE

STAGE

APPENDIX

Sample Site:

Year:

TIDAL TIDEAMP. WEATHER

TNFLUENCE (ft.) INDEX

Table 6. Water ChemistrY

Forest River, Route 1A, (FR-2)

1 989

AIRTEMP.

(c)
WATERTEMP. (C)

Surface Bottom

SALINITY (ppt)

Surface Bottom

WATER PH

Surface Bottom

D.O. (mg/l)

Surface Bottom

3-07-89
3-1 0-89
3-14-89
3-1 7-89
3-21-89
3-24-89
3-28-89
4-04-89
4-07-89
4-14-89
4-1 8-89
4-22-89
4-25-89
4-28-89
5-02-89
5-05-89
5-1 6-89

1322
1554
1512
1 045
1418
1 626
1538
1220
1558
1558
1118
1500
1320
1 605
1 151
1551
1255

11.5
11.2
8.6
9.3
9.8
9.5
8.3
10.9
11.2
9.2
9.3
9.2
8.7
8.6
10.3
10.7
8.8

0.0

7.0

10.0

23.0

24.O

27.0

7.8
7.7
7.7
7.5
7.0
7.9

7.9
8.1
7.6
7.9
7.5

7.8

8.3

1 1.6
1 1.4
14.5
12.3
13.1
13.4
11.0
9.5

11.2
't1.2
10.5
10.5
10.7
10.8
11.2
10.0
9.0

11.3

11.6

9.0

hlgh +2.0
hlgh +2.0
low +4.0
high +2.5
hlgh +3.0
hlgh +3.0
high tide
high +1.5
high +2.5
low +3.0
hlgh tlde
hlgh +1.0
low +3.5
low +4.0
hlgh +2.0
high +3.5
high +3.0

Yes
Y
Y
Y
Y
Y
Y
Y
Y
No
Y
Y
Y
Y
Y
Y
Y

3
1

1

3
4
5
2
4
1

1

4
2
1

1

6
3
4

-6.0
0.0
7.0
9.0
5.0
5.0

21.0
6.0
9:0
8.0

11.5
3.0

12.0
10.0
9.0

12.5
11.0

-1.0
3.0
9.0
6.0
5.5
7.5

14.5
7.0

13.0
12.0
11.0
12.0
14.5
18.5
10.0
17-0
15.5

7.8 10.3

23.0
2s.0

1.0
9.0
0.0
1.0
3.0

24.0
5.0
0.0
3.0
7.0
2.O

0.0
2.0
2.O
0.0

7.8
7.7
7.6
7.9
7.8
7.8

Season
Average

Tldal delay: 45 mlnutes from Boston.

6.3 7.7
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DATE TIME OF

DAY

ÏDE
STAGE

APPENDIX

Sample Site:

Year:

TIDEAMP. WEATHER

(ft.) |NDEX

9.4
1 1.5
11.2
8.6
9.3
9.8
9.5
8.3
10.9
11.2
9.2
9.3
9.2
8.7
10.3
10.7
9.5
8.8
9.4

Table 7. Water Chemistry

Forest River, railroad trestle (FR-1)

1 989

AIRTEMP.
(c)

WATERTEMP. (C)

Surface Bottom

SALINITY (pp$

Surface Bottom

WATER pH

Surface Bottom

D.O. (ms/l)

Surface Bottom

3-03-89
3-07-89
3-1 0-89
3-14-89
3-1 7-89
3-21 -89
3-24-89
3-28-89
4-04-89
4-07-89
4-14-89
4-18-89
4-22-89
4-25-89
5-02-89
5-05-89
5-1 2-89
5-1 6-89
6-07-89

1527
1245
1 636
1542
0908
1430
1 655
1613
1315
1643
1640
1 133
1516
1238
1044
1638
1815
0957
1 325

low +1.5 hrs
high +1.5
hlgh +3.0
low +4.5
hlgh +'1.0

high +3.5
hlgh +4.0
high +0.5
hlgh +2.5
high +3.5
low +4.0
hlgh +0.5
high +1.5
low +3.0
high +1.5
hlgh +4.5
hlgh tide
hlgh +0.5
low +4.5

4
3
1

1

3
4
5
2
4
1

1

4
2
1

5
3
3
4
5

6.5

1.5
-3.0
-0.5

5.5
7.0
5.0
3.5

22.0
6.0
9.0
9.0

10.0
3.0
9.5
9.0

11.0
13.0
11.0
14.0

6.5
1.0
3.0
7.5
6.0
6.0
6.0

11.5
6.5

11.0
12.0
10.5
9.0

12.0
11.5
12.0
19.5
13.0
1ô.5

9.5

11.5

10.0

11.5

15.0

7.0
32.0
27.0
31.0
31.0
25.0
18.0
31.0
27.0
26.0
27.0
2"t.0
29.0
30.0
28.0
22.0
12.O
18.0
30.0

24.8

31.0

31.0

29.0

28.0

28.0

7.6
7.9
7.5
8.0
8.0
7.9
7.9
8.1
7.8
8.0
8.2
8.3
8.2
8.2
7.9
8.3
7.8
7.7
7.5

8.0

8.3

7.9

12.6
9.9

10.8
10.4
10.8
10.0
10.5
10.9
9.5
9.6
9.9
9.3
9.5
8.7
8.6
9.5
7.8
7.4
7.8

9-7

10.7

10.9

9.4

6.8

Season
Average

Tidal delay: 30 mlnutes from Boston
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APPENDIX

Sample Site:

Year:

TIDEAMP WEATHER

INDEX

A¡RTEMP.
(c)

WATERTEMP. (C)

Surface Bottom

SALINITY (ppt)

Surface Bottom

WATER PH

Surface Bottom

D.O. (ms/l)

Surface Bottom

11.5
14.2
12.3
11.7
10.1
10.8
11.6
10.1
11.1
1 1.6
10.5
11.1
9.0
8.4

1 1.5
9.2
9.4

11.6

1 1.6

10.8

Table B. Water ChemistrY

Forest River, railroad trestle (FR-1)

1 390

DATE

3-02-90
3-05-90
3-09-90
3-15-90
3-21 -90
3-26-90
4-02-90
4-06-90
4-12-90
4-20-90
4-27-90
5-03-90
5-08-90
s-10-90
5-1s-90
5-24-90
5-28-90

Season
Average

TidalDelay:

T]MEOF
DAY

TlDE

STAGE

1225
1236
1210
1518
0836
1237
1110
1839
1941
1000
1 058
1439
1025
1422
1027
1 359
1554

9.8
10.'l
10.2
9.2
8.9
10.9
10.4
9.7
9.3
9.3
10.5
9.5
9.2
9.1
8.5
10.4
9.9

4.0
-4.0

3.0
9.0
3.0
9.0
5.0
4.0
1.0
8.0

23.0
9.5

19.0
17.0
15.5
12.0
19.0

4.5
6.0
4.O
9.0
6.0
7.O
6.5
8.0
8.0
8.0

13.5
19.5
17.O
15.0
17.O

14.0
17.0

9.0

8.0

14.0

32.O
5.0

31.0
33.0
27.O
30.0
14.0
26.0

6.0
27.O
30.0

6.0
31.0
30.0

7.O
28.0
31.0

33.0

27.O

28.0

8.0
7.5
8.1
8.2
7.9
8.1
7.7
8.0

8.2

8.0

low +3.0 hrs.
high +5.0
hlgh +2.0
hlgh +1.0
hlgh +2.0
hlgh +1.5
hlgh +5.5
low +2.5
high +5.5
high +2.0
low +3.0
low +1.0
low +5.0
high +1.0
low tide
high +2.0
hlgh tlde

7.7
8.0
7.8
8.0
7.9
7.9
8.2
7.8
8.0

1

1

1

2
6
2
4
4
3
3
2
2
4
4
2
2
2

9.2 10.6 23.2 7.9

30 mlnutes from Boston

18



Table 9

APPENDIX

Weather Index

ÞJ\y
cloudy
cloudy

cover
rain
rain

rar-n

(ex. hail, fog)

< 5? clouds)
5 to < 252 clouds)

25 to < 759< clouds)
> 752 clouds)

1
)
3
4
5
6
'/
8
9

clear
partly
mostly
cloud
l isht
medium
heavy
snow
other

L9




