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Executive Summary

The Upper and Lower Mystic Lakes in Arlington/Medford form the headwaters to the
Mystic River, an historic migration route for spawning alewife and blueback herring,
collectively referred to as river herring. However, the herring in the river are endangered by
stresses on the population including direct physical migration barriers, reductions in spawning
habitat, and excessive pollution. This report synthesizes the empirical information that is
available on the Mystic River and the herring run in an attempt to understand the existing
pressures on these fish and how they can be mitigated. This report is divided into four major
sections: ‘

° Section I: History of the Mystic River Herring Run;

] Section II: Spawning Requirements for River Herring;

L Section HI: Physical and Biological Barriers to Spawning;

° Section I'V: Reasons for Reintroducting River Herring into Upper Mystic Lake

° Section V: Recommendations.

The decline of the herring run is largely due to obstruction of migratory pathways,
destruction of spawning grounds, river pollution, overfishing and development along the
Mystic River. Currently, obstruction and pollution remain the largest potential problems for
the Mystic, posing a significant threat to the viability of the herring run.

Because of past water quality problems, monitoring and documentation have fbcused
on the Lower Mystic Lake, the Mystic River, and the Aberjona River. A central _issue relevant
to this report is how the herring run would benefit from additional spawning grounds,
specifically in the Upper Mystic Lake and its tributaries. Due to the relative absence of
comprehensive water quality data, conclusions as to the suitability of the Upper Mystic Lake
for river herring spawning are tenuous, but do not exclude the lake as possible spawning
habitat.

The Amelia Earhart and Upper Mystic Lake Dams represent the greatest physical

barriers to the herring run. The Amelia Earhart Dam is not completely impassable because the
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‘locks are opened to let boats through, but there is no protocol for aiding the herring’s passage
and no operable fish ladder. Large numbers of fish commonly get stuck at the base of the dam
where they are either preyed upon, poached, or die of anoxia. The Mystic Lakes Dam does
not have a fish ladder and is impassable to the fish, preventing their migration into the Upper
Mystic Lake. Pending Metropolitan District Commission (MDC) plans include construction of
a new dam and possibly a fish ladder, but the project must be made a priority by the
Department of Environmental Protection (DEP) before MDC can act.

There are several reasons for restoring and maintaining the Mystic River herring run.
These include improving water quality, restoring ecological health, increasing recreational and
commercial fishing, and promoting a stewardship ideal for thé communities within the Mystic
River Basin.

Recommendations for future study/action include the following:
° Advocate for DEP and MDC prioritization of upper dam fish ladder
] Undertake official state fish count of the Mystic River herring run
o Promote communication among state agencies
° Advocate for comprehensive state water quality monitoring as mandated by the

Massachusetts Clean Water Act

° Study suitability of Upper Mystic Lake and tributaries for spawning habitat

° Map and characterize spawning habitat
] Advocates and other volunteers should take advantage of EPA volunteer monitoring
training >

° Create and enforce a protocol for letting fish through the Amelia Earhart Dam.
° Seek funding for repair of the fish ladder at the Amelia Earhart Dam.



Introduction ‘

The Upper and Lower Mystic Lakes in Arlington/Medford form the headwaters to the

Mystic River, which flows through Arlington, Somerville, Everett and Chelsea before

- emptying into Boston Inner Harbor. The Mystic provides seasonal habitat for spawning river
herring, the health and future of which are the sﬁbject of this report. The Mystic River
herring!* fun is largely healthy, according to local and state officials (Chase/Reback).
However, stresses on the population, including direct physical barriers to migration,
reductions in spawning habitat, and excessive pollution spell an uncertain fate for the future of
the Mystic River herring.

This report has been prepared for the Alewife Mystic River Advocates (AMRA), a
multi-community advocacy group working to promote public awareness of the Mystic River
basin. The goals of the AMRA are to restore ecological integrity and yitality to the Mystic
River Basin and to enhance recreational opportunities through watershed-based management.
AMRA is currently undertaking several activities to promote awareness and stewardship of
the Mystic River watershed and has identified the herring run as a focal point of their efforts.
This report, intended to support AMRA’s work, synthesizes the empirical and anecdotal
information that is available on the Mystic River and the herring run in order to begin the
process of understanding the existing pressures on the fish and how they can be mitigated.
AMRA will be able to use this report as a foundation for their advocacy efforts.

The primary areas of study for this report are the Upper and Lower Mystic Lakes in

- Arlington/Medford and the Mystic River. The Aberjona River, Horn Pond Brook, Mill Brook,
Alewife Brook, and the Malden River all feed into the Mystic River. At the Mystic’s
confluence with the Chelsea and Charles rivers, just downstream of the Tobin Bridge, the river

enters Boston Inner Harbor. Although this report does not examine these tributaries in detail,

' The Alewife and the Blueback Herring are collectively referred to as “herring” for the purposes of this
report, except in instances where different conditions for each species are specifically discussed.
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it is important to note that their quality directly impacts the water quality and potential
spawning habitat of the Mystic River. (See Figure 1 - map) |

The Mystic River herring run is composed of two closely-related species, the alewife
and the blueback herring. For simplicity's sake, we refer to both species as "river herring,"
unless specific delineation is necessary. River herring are anadromous fish, meaning adults
spend the majonity of their life in a saltwater environment and return to freshwater streams and
lakes to spawn in the spring. Herring born in the Mystic River will migrate to the Atlantic
Ocean and then return to the Mystic after three or four years, when they are ready to spawn.

Herring provide mahy benefits to the Mystic River ecosystem, regional fisheries, and
the surrounding communities. The herring provide a food source for such game fish species as
freshwater bass, pickerel, and perch, as well as several species of birds, thus enhancing the
food web. The presence of herring in the lakes can help improve water quality and reduce
sedimentation. Community-based efforts to restore the herring run can also serve as a catalyst
for widespread watershed stewardship.

This repoft is divided into five major sections. Section I begins by providing some of
the known history of the herring run and the Mystic River watershed, as well as the Mystic
herring’s relationship to regional fisheries. Section II describes the specific needs of the
herring, including spawning and habitat. requirements. Water quality, nutrient loading,
eutrification and anoxic conditions in the Upper and Lower Mystic Lakes are also detailed.
Section HI provides a description of the physical and biological barriers to migration and
spawning viability, including the Upper Mystic Lake and Amelia Earhart Dams, sedimentation
and pollution, and an analysis of the potential benefits that might be achieved through the
construction of a fish ladder at the upper dam. Section IV outlines the reasons for
reintroducing herring to the Upper Mystic Lake, and Section V concludes with
recommendations for further study and actions that AMRA volunteers may want to undertake

to improve the Mystic River herring run.






I. History of the Mystic River Herring Run
River Herring Species

Alewife (Alosa pseudoharengus) and blueback herring (Alosa aestivalis) are
anadromous fish which are found on the east coast of North America up to 130 km out to sea.
Alewife are believed to be predominant in the Mystic River and the Mystic Lakes, because the
lower Mystic Lake provides preferential spawning habitat for alewife (Pelto, telephone
comm., 2/6/97). Alewife have also been observed in Alewife Brook and Mill Brook. Optimal
spawning conditions for both species will be discussed in Section IL.

Alewife and blueback are both migratory species and are widely distributed along the
North American Atlantic coast. Spawning habitat for alewives extends as far south as North
Carolina and as far north as the Gulf of St. Lawrence in Canada. Blueback herring are known
to spawn as far south as Florida and as far north as Nova Scotia. Each species also spawns at
different times. Alewife begin to spawn in Massachusetts rivers in early to mid-April. The
onset of blueback spawning activity in New England generally begins in mid-May and lasts
into June. (Loesch 1987)

Importance of Regional Herring Fisheries

Long before European settlement native americans in eastern New England relied on
the annual herring run for sustenance. Early colonial records indicate that herring was also a
key food source for early European inhabitants of New England (Belding 1920). In 1920, with
the decline of shad fisheries, herring were seen as the most “commercially valuable
anadromous fish in Massachusetts,” used as a source of foéd for humans and as bait for
commercially important fisheries (Belding 1920). Currently, herring are critical to the
commercial fisheries and the marine ecosystem as a food source for freshwater bass, perch,
and bluefish.

Overfishing and reduced spawning habitat have contributed to the overall decline of

the Massachusetts herring fishery since colonial development. In fact, the first herring fishing
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regulation was enacted in 1730, when Plymouth residents were ordered not to take more than
“four [50 gallon] barrels” of herring each . By 1815, it was difficult for households to obtain
200 alewife each. Early accounts include the Mystic River among prodﬁctive herring
spawning rivers and streams in Massachusetts. At one point, the Mystic served as an active
fishery. In 1844, for instance, there was a single catch of 50,000 herring. However, by 1920,
the Mystic was identified among streams, including the Merrimack, Charles, Neponset, and
Connecticut, that had shown the greatest decline in herring stocks. (Belding 1920)

Between 1933 and 1943, Massachusetts’ commercial herring fisheries produced an
average catch of one million pounds each year. By 1970, however, only five Massachusetts
streams were commercially fished for herring and produced a catch of only 44, 319 pounds,

indicating a serious decline in the herring population. (Reback and DiCarlo 1970)

Decline of Herring Fisheries

Throughout the Commonwealth, four main reasons for the decline of herring fisheries
were identified more than seventy-five years ago: (1) destruction of spawning grounds, (2)
obstruction of migratory pathways, (3) river pollution, and (4) overfishing. Obstruction and
pollution were, and still may be, particular problems for the Mystic River. (Belding 1920)

Since the Mystic River watershed was first settled, several changes have led to
negative impacts on the Mystic herring run. At one point, there were locks in West Medford,
at the Craddock Dam, that made it “almost impossible for alewives (and blueback herring) to
pass even at high tide, so that few fish reach[ed] the Mystic Lakes for spawning.” (Belding
1920, p. 82) The Craddock locks are no longer in place. However, the Amelia Earhart Dam,
which was constructed in 1966, partially impedes the herring run since no formal provisions
have been made to allow the fish to pass through the locks. A complete discussion of the
existing barriers to migration appears in Section III.

There is also a dam between Upper Mystic Lake and Lower Mystic Lake. At one time

there was a fish ladder in place, although it was essentially inoperable. The Belding report



states, “between the Mystic Lakes is a dam equipped with a wooden Brackett fishway of little
use, since the water level is not sufficiently high to afford flowage.” (Belding 1920, p. 82)
This fish ladder no longer exists and the herring run is still clearly impeded by the Upper
Mystic Lake dam.

Even if the Mystic had remained clear of physical obstructions, pollution increased
with settlement and industrialization along the river, posing a threat to the viability of a
healthy herring run. Earlier this century, sewage was a significant problem for the Mystic
herring run. Although direct sewage discharges no longér occur, combined sewer outfalls on
Alewife Brook and the Lower Mystic River send a mix of stormwater and raw sewage to the
river during heavy rains. Currently the Massachusetts Water Resource Authority (MWRA) is
working with local communities to reduce combined sewer overflows (CSOs), but these
eﬁ'orts are not likely to completely eliminate CSOs to the Mystic River and its tributaries.
(MWRA 1994)

" Industrial wastes were also an historic problem for the Mystic River. The Belding
report identifies problems with chemicals coming from nail and iron works, rubber factories,
wool scouring operations, bleacheries, laundries, dye works, and leather factories. (Belding,
1920) The historic industries that contributed to the pollution load of the Mystic are no longer
in operation, and existing industries are required to be in compliance with current water
polluﬁon control regulations. However, toxins still present in the river system from historic

industries may pose a problem.



Current Land Use and
Development

Although point source
pollution from industries in the
watershed has decreased, non-point
source pollution from stormwater
runoff has increased with expanded
residential and commercial
development. More road area and
buildings also increase the impervious -
surface area in the Mystic watershed.
Consequently, less stormwater can
infiltrate to the ground and be
naturally filtered. When it rains,
stormwater runoff flows through

sewers and carries pollutants from

streets, yards, parks, parking lots, and
industrial operations directly to the Mystic River.

Current land use along the Mystic River and in the watershed is varied. Residential
development predominates the upper reaches of the river, where the banks are mostly park
space. Although the buffers between the river and development are not of an ideal width, the
banks do have some protective vegetation.

Closer to the Amelia Earhart Dam, more business parks and large parking lots dot the
landscape. Interstate 93 travels right along the edge of the Mystic on the west side. The east
side of the river is home to the Mystic River Reservation, which has a park-like setting with
natural vegetation along the river bank.

Downstream of the Amelia Earhart Dam, industrial development becomes the



dominant land use along the Mystic River and Boston Inner Harbor. Boston Edison,
DistriGas, an Atlantic Fuels oil terminal, a Pplarized scrap metal yard, and a Big Dig staging
area are all located in this area. ‘In addition, road salt is stored on piers directly above the river
and harbor waters.

The Mystic River and Mystic Lakes are an important source of recreation space for
the surroimding community. There is an MDC boat house on the west bank of the lower river
and a small marina near the interchange of I-93 and Route 16. The Tufts Sailing Club uses the
Upper Mystic Lake and the Lower Mystic Lake is home to the Medford Boat Club. MDC
owns and operates a beach on the northern end of the Upper Mystic Lake. In addition to the
more formal recreation opportunities, the river and lakes provide a chance for the surrounding
community to enjoy the serenity of the outdoors through canoing, birdwatching or simply
strolﬁng along the riverbanks.

The literature reviewed for this report provides a comprehensive glimpse of what the
health of the Mystic herring run used to look like. However, information on the current status
of the herring run is lacking, and it is therefore difficult to gain a solid understanding of the
effects that the stresses described above have on the herring population. In order for AMRA
to determine the potential for improving the herring run, we must first review the basic needs

for spawning herring,
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General Migratory Patterns

Distinguishing between alewife and blueback herring by their external features is-

extremely difficult. Alewives are generally longer than bluebacks of the same age and there are
slight differences in their scale patterns. The most reliable discerning feature is the tissue lining

of the body cavity. In a blueback this tissue, the peritoneum, is dark brown to black. In the
alewife, the tissue is gray to silvery and has small dark spots. (Ross and Biagi n.d.) (See

Figure 2)

RN

Blueback Herring

figure 2

As with all anadromous fish, adult herring spend the majority of their lives in a salt-

water environment and return to freshwater streams and lakes to spawn. This seasonal
breeding migration typically begins in early spring and is directly related to water temperature
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(Loesch 1977 and Klauda ez a/ 1994). Alewife and blueback herring return to the same
streams they inhabited as juveniles in order to spawn. The herring find their way back to their
natal streams using olfactory cues, or smell, as a guide. (Thungberg 1971 and Klauda ez a)
1994) This smell of their freshwater natal stream is imprinted on the fish during larval and
ijenile development. As the returning fish head inland, they are able to distinguish the smell
of their streams from others, and follow its increasing concentration until they reach their
stream. In a sense, they are sniffing their way back home.

During each migration a certain number of fish do not return to the specific stream
they inhabited as juveniles. (Loesch 1977 and Klauda ez a/ 1994) Rather, they migrate up
adjacent or neighboring streams. One such example is when river herring that inhabited the
Charfes River as juveniles migrate up the Mystic River instead. By exchanging individuals
between breeding populé.tions, a sufficient amount of genetic interchange occurs to ensure
that populations remain genetically robust. This process also acts as a mechanism for the
colonization of new streams and lakes where herring populations have either never existed or
have been decimated by pressures such as overfishing. (Loesch 1987 and Klauda et al 1994)

The Mystic River herring begin their migration from coastal waters, moving into
Massachusetts Bay, and further into Boston Harbor. From Boston Harbor they enter the
mouth of the Mystic River and encounter the Amelia Earhart Dam. The herring that make it
through the locks proceed up the river to Lower Mystic Lake, where most spawning occurs.
Some spawning also occurs in Alewife Brook and Mill Brook. Some herring attempt to move
into the Upper Mystic Lake, but passage is blocked by the Upper Mystic Lake Dam, which
effectively terminates the migration. |

Once migrating niver herring reach suitable habitat, spawning occurs. During
spawning, several similarities exist between species. Both species'tend to spawn in shallow
water where a single female will be pursued by several males in an attempt to fertilize the
female’s eggs. (Loesch 1977, Loesch 1987 and Klauda ez a/ 1994) Both species are dimersal

broadcast spawners, meaning both eggs and sperm are released into the water and adhere to
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the bottom. Blueback herring tend to prefer spawning closer to the bottom where their eggs

~ have a greater tendency to adhere until they harden, at which point they become free floating.
(Klauda et al 1994) During spawning, females of both species release an estimated 50,000 to
400,000 eggs per individual, with an average of approximately 150,000 to 175,000 eggs.
(Loesch 1977, Pardue 1983 and Klauda er al 1994)

After spending several days spawning, individuals begin their downstream migration to
the sea. During the spawning process, mortality of the breeding adults is known to occur, but
does not reach the high percentages experienced by other anadromous species such as salmon.
Most adult herring do survive to return to the sea for another year and may return to spawn

for as many as four consecutive years. (Funderburk et al, 1991)
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Specific Spawning Characteristics
Alewife Spawning Activity

Alewife migration begins when water temperature is between 10 to 18° C. (50 to
~ 64.4°F)(Loesch 1977, Pardue 1983 and Klauda et al 1994) Migration into spawning areas is
guided by light intensity, water flow, temperature, and olfactory cues. (Klauda et al 1994)
Alewife prefer slow moving water bodies, such as ponds and slow moving streams, as
spawning sites. Preferred spawning substrate ranges from gravel, sand, detritus and vegetated
areas were water flow is "sluggish" in depths from 0.2 to 3 m (.7 to 6.3 ft). (Pardue 1983 and
Klauda ef al 1994) In areas where blueback herring don’t create competition, alewife will use
a greater variety of spawning sites. Optimal areas for spawning alewife, eggs and larvae are
substrates covered with 75% silt, detritus or 6ther soft matenials. (Pardue 1983 and Klauda et
al 1994) Eggs are semi-dimersal to pelagic, and slightly adhesive until water-hardened.
Incubation of eggs ranges from approximately 2.1 to 6 days depending on water temperature

with a maximum of 15 days at 7°C (44.2°F). (Klauda et al 1994)

Blueback Spawning Activity

Blueback spawning migration begins when water temperature is between 14 and 25°C
(57.2 and 77°F). (Loesch 1977, Pardue 1983 and Klauda et al 1994) Where blueback herring
are sympatric (same timé, same place) with alewife, blueback herring reduce competition by
spawning in swift moving water where the substrate consists of clean gravel or sand. (Pardue
1983 and Klauda ef al 1994) In areas where competition for spawning sites does not exist,
blueback herring will also use areas of slower moving water. However, bluebacks do not
display the degree of adaptability of the alewife. (Klauda ez a/ 1994) After spawning, eggs are
adhesive until water-hardened, after which they become pelagic in moving water and slightly
dimersal in still water. Incubation times vary between 2.2 to 3.9 days depending on
temperature. Seaward migration for juvenile bluebacks begins when water temperature is

approximately 21° C (69.8°F), although photoperiod, precipitation and water movement cues
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may also be involved in the initiation of migration. (Klauda e al 1994)

Herring Feeding Activity

Larval alewife and blueback herring tend to be planktivorous, or plankton eaters,
seeking larger prey as they mature. (Klauda ef al 1994) As the herring increase in size, they
feed primarily on larger zooplankton such as midges. As larvae of both species grow and
mature, they appear to develop different feeding strategies, possibly to avoid competition for
food. The alewife larvae becoine more target specific, often searching for benthic
(bottom-dwelling) prey while blueback herring remain predominantly filter feeders, exploiting
prey within the water column. (Loesch 1977 and Klauda ez al 1994)

Water Quality Criteria for Habitat and Spawning

Different criteria may be used in determining the water quality standards which are
related to successful breeding of river herring or other fish species. At the federal level, the
Environmental Protection Agency (EPA) provides water quality guidelines for the State. The
State follows these guidelines in setting the actual criteria used.

The Mystic River and the majority of rivers in Massachusetts have a state designated
goal of Class B, meaning they must meet Class B water quality standards for “habitat for fish
a.ﬁd primary and secondary contact recreation” (fishable and swimmable). In Massachusetts,
these criteria are determined by the Division of Water'Pollution Control under the Executive
Office of Environmental Affairs (EOEA). These criteria are listed in the Code of
Massachusetts Regulations 314 CMR 4.00, and are further refined in “Guidelines for Use
Support Determination, Inland Waters.” The criteria are not specific to river herring, but are
generic criteria for all Class B water-bodies. Table 1 summarizes the criteria applicable to the

Mystic River and all Massachusetts rivers with a Class B goal.

?See Commonwealth of Massachusetts, Summary of Water Quality, 1994, Massachusetts Department of
Environmental Protection, Division of Water Pollution Control.
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Table 1: Massachusetts Surface Water Quality Standards for Class B Waters
Designated as Habitat for Fish and Primary and Secondary Contact Recreation.

DO Temp pH TSS Chlorine (TRC)
5.0 mg/l 83 F max 6.5-8.3 25 mg/l 0.02 mg/l
28.3_0)
Turbidity Color Oil & Grease Taste & Odor

A 5% NTU (<50 NTU") | 50 CU."max | None Detectable | None Objectionable
A 10 % (>50 NTU)

Parameter Average Maximum
Whole Effluent Toxicity 005T.U" 0.1 TU.
Fecal Coliform Bacteria 200 org./100ml ngt. 10% samples 400 org./100ml
Ammonia ‘ @pH <7.5 1.5mg/l |@pH>7.5 0.5mg/l

*TSS: Total Suspended Solids, NTU: Turbidity Units* CU: Color Units, TU: Toxicity Units.

Solids:
Free from floating, suspended and settleable solids in concentrations and combinations

that would impair any use assigned to this Class.

Color and Turbidity: ‘
Free from color and turbidity in concentrations or combinations that are aesthetically

objectionable, or would impair any use of this assigned Class.
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Oil and Grease:
Free from oil, grease and petrochemicals that produce a viewable film on the surface
of the water, impart an oily taste to the water or an oily or other undesirable taste to
the edible portions of aquatic life. '

Taste and Odor:
None in such concentrations or combinations that are aesthetically objectionable, that
would impair any use assigned to this Class, or that would cause tainting or
undesirable flavors in the edible portions of aquatic life.

A comprehensive list of habitat requirements specific to alewife and blueback herring
are described in Habitat Requirements for Chesapeake Bay Living Resources (Klauda, et al).
Not only does this describe the habitat requirements specific to spawning river herring, it
addresses the requirements of the fish at various life stages, including egg, larvae, juvenile and
adult. These requirements are detailed in Table 2, below. A comparison of the requirements
show that, generally, water bodies that meet or exceed Class B water quality standards will
provide adequate habitat for alewife and blueback herring,

Table 2.
Habitat Requirements for Alewife and Blueback Herring
for Various Life Stages*
DO Temp. (_C) pH TSS

AW" >50(E\L) [11-28(E),8-31(L) |5.0-8.5 (E) <1000 (E)

>3.6 (J,A) 10-28 (J) - 15.5-8.5(L)
BH' >50(EL) |14-26(E), 14-28 5.7-8.5 (E) <1000 (E)

>3.6 (J) (L) 6.2-8.5 (L) <500 (L)

10-30 ()

* Egg (E), larvae (L), juvenile (J) and Adult (4)
T AW: Alewife, BH: Blueback Herring

Water Quality in Upper Mystic Lake
Due to historic water quality problems, the focus on water quality studies in the

Mystic River Basin has centered on the Lower Mystic Lake, the Mystic River, Alewife Brook
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and the Aberjona River, a tributary to the Upper Mystic Lake. However, the Upper Mystic
Lake has not received the same level of attention and documentation of its water quality.
Because of this lack of comprehensive water quality data, conclusions as to the suitability of
the Upper Mystic Lake for river herring spawning habitat are tenuous. However, the limited |
data available (O’Shea 1989, Chesebrough and Scre;ﬁetis 1975, MDC 1982 and Chase 1996)
do not exclude the Upper Mystic Lake as suitable spawhing habitat. This gap in available
information illustrates the need for a comprehensive water monitoring program to document
water quality and spawning habitat suitability.

One of the greatest threats to river herring and other ﬁsh.in urbanized waterways is
low dissolved oxygen. (Klauda et al 1994) As plants and other organic material settle and
collect on the lake bottom, microbial decomposition of this material occurs. This
decomposition uses oxygen which is dissolved in the water and creates what is known as
biological oxygen demand, or BOD. The greater the amount of decomposing material, the
greater the BOD, and less dissolved oxygen remains available for other organisms, such as
herring. Historic water quality data shows this to be a problem in the Upper Mystic Lake.

In temperate deep water lakes, such as the Upper Mystic Lake, seasonal stratification
of the water column occurs during summer months when warm surface waters no'longer mix
with colder bottom waters along a boundary known as a thermocline. Because the majority of
bacterial decomposition occurs in the bottom layer, this lower layer of water becomes oxygen
poor, or anoxic. These anoxic conditions can cause fish kills.

Historic stratification in the Lower Mystic Lake due to the intrusion of salt water was
another cause of low DO in bottom water. However, this problem was mitigated in 1994 with
the Lower Mystic Lake Salt Water Removal Project. (DiPietro, 1994) Water quality reports
show no evidence of salt water intrusion in Upper Mystic Lake (Mystic River Watershed
Water Quality Survey for 1981, 1982).

Seasonal stratification occurs in both the Upper and Lower Mystic Lakes. Since most
of the lakeshore is residential, nutrients in the form of nitrogen and phosphorous from point
and non-point sources may be responsible for the degree of anoxia experienced in the lakes.

Overuse of fertilizers causes elevated nutrient inputs, which increases primary production, or
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plant growth. The more plant growth, the more organic material is available for
decomposition, the greater the BOD, and the greater the level of anoxia. By limiting the
nutrient inputs to the lakes, the level of plant growth and ultimately the degree of anoxia are

reduced, leaving more oxygen for other aquatic species.
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II1. Physical and Biological Barriers to Spawning

"The old laws regarding dams were well adapted for the
protection of the fishery, the decline of which was not due

to a lack of good laws, but rather to the non-enforcement
of existing legislation. The only remedy for an obstructing
dam is the installation of a passable fishway, with which every
dam upon alewife streams, unless opened regularly during the
spring, should be equipped.” (Belding, p. 49-50)

Background

Official recognition that dams and other barriers were éausing declines in the numbers
of river herring and other anadromous fish in Massachusetts dates back to the early 18th
century, when the colonial government first passed laws barrihg the construction of such dams
to protect those populations. (Belding, p. 35) Legislative efforts to assist the herring
continued into the mid-19th century, but were largely ineffective. This was recognized by the
state in the early 20th century when the Belding report determined that "[t]he first step in the
development of a fishery is the removal of all obstructions in order to give [the fish] free
passage to the spawning grounds.” (p. 48) With regards to obstructions, the "general
principle that alewives should have free passage [to] spawning groundé" was cited as a
"keystone of all legislation" to provide pfotection for the fishery. (p.49) "In nearly all
instances these laws contained specific provisions for fishways in the dams, but frequently
these provisions were modified or repealed through the influence of mill owners." (Belding, p.
49) (See Figure 3 — fish ladder)

Other efforts to provide "suitable passageways for the fish" led to restocking of
upstream spawning areas and several experiments in leaving dams aﬁd other obstructions
(usually mills and cranberry bogs) open during the spawning season. (Belding, p. 36)
Numerous incarnations of these laws were applied with varying degrees of success over the
years, many of them failing for lack of enforcement. The result has been a consistent decline in
herring populations due to many contributing factors, including poaching and pollution as well
as the effects of dams on limiting the fish access to adequate spawning habitat. These factors

continue to plague many of Massachusetts’ waterways to date.
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Figure 3
Fish Ladders

POOL-WEIR fish ladder: a series of pools with a one-foot drop
in water level in between. The number and sizes of pools vary
with the height of the dam.
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The situation facing the Mystic River mirrors these conditions, as will any waterway
facing the level of land development, diversion and water pollution that plagues our urban
areas. State officials have described the status of the Mystic River herring run as "healthy" by
comparison with some other, more polluted or less passable Massachusetts streams and
rivers.(Chase, personal comm., Feb. 1997) However, this sentimeﬁt is without empin'éal basis
because an actual census of the run has not been undertaken. The effects of spawning barriers
are self-evident in the Mystic River, with the major impediments being the two dams: Amelia
Earhart and Upper Mysﬁc Lake. The specific effects of pollution and sedimentation on the
health of the fishery are largely unknown, as no comprehensive work on the subject has been
undertaken.

The Amelia Earhart Dam

The Amelia Earhart dam lies just below the confluence of the Malden and Mystic
rivers in what is decidedly an industrial area. (See map, Figure I) The dam is not a completely
impassable barrier to the migration of the herring because the locks (pictured above) are

opened when boats pass through. Though there is no official protocol for the locks to be
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opened to aid the herring run, MDC officials at the dam stated that they do make an effort to
let them pass when they are observed in iarge numbers beneath the dam. (J. Hurley, personal
comm. April 9, 1997) However, this is a decidedly tenuous situation for the herring as they
have to depend upon a passing boat or the attention and magnanimity of the lock operator to
get upstream.

In addition, some of the herring are likely fooled by the flow of water from the
inoperable fish ladder at the opposite end of the dam, which diverts them away from the
opening locks. (B. Berman, personal comm. April 4, 1997) This ladder has been inoperable
for over 20 years because it lacks a water pump. (J. Hurley, personal comm. April 9, 1997)
Herring are often fooled by the tidal flow when the locks are closed and are blocked from
passage, making them vulnerable to anoxia, predators and poachers.

Poaching of the herring at the dam is of some concern. Often people will wade into
the river below the dam before the locks are opened (when the Herring's passage is blocked)
and take a substantial amount of fish. (B. Berman, personal comm., 4/4/97) Generally, private
citizens are permitted to take 10 fish if the MDC rules apply, or as much as a 5-gallon
bucket-full in some areas where individual town rules apply. Presumably the MDC rules apply
below the Amelia Earhart dam. However, commercial fisherman, who use the herring as bait
fish, will sometimes comner the fish below the dam and take as much as 1-2,000 pounds away.
(Berman) Recreational fisherman take the fish as well, but generaly observe the limits
imposed. The timing of the taking is of more concern than the actual number of herring caught
since they are prevented from spawning. Taking the herring at the dam can have significant

negative impact on the overall population.
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Upper Mystic Lake Dam

The Upper Mystic Lake Dam (pictured above) lies between the Upper and Lower
Mystic Lakes and represents the end of the river herring's migration on the Mystic River. (See
map, Figure 1) This dam is impassable for the fish, except for the few who are the
beneficiaries of the occasional well meaning citizens who toss the struggling fish over the dam
into the Upper Mystié Lake. This practice has ecological benefits for the Upper Mystic Lake
although it does nothing to enhance the herring run. While the fish that are rescued may
survive, their offspring may never reach the sea once they are ready to make their own
migration. Thus, their potential contribution to the health of the run itself, as well as any
tangential benefits for other regional fisheries are lost.

The Commonwealth of Massachusetts has appropriated $330,000 to finance a
feasibility study for reconstruction of the Upper Mystic Lake dam. The new structure may
include a fish ladder, which would provide the herring with access to new spawning areas in
the upper lake, and perhaps in the Aberjona River. The feasibility of a fish ladder at the dam is
also to be reviewed. (P. DiPietro, personal comm. 2/97) However, the money for this project
is frozen in the MDC budget, meaning it cannot be used until the state DEP chooses to make
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the construction of the dam a priority. _

The Upper Mystic Lake itself would provide 166 additional acres of spawning habitat,
but the quality of that habitat is largely unknown. The quantity and quality of spawning areas
beyond the Upper Mystic Lake is not known either. Neither the timing of the new dam’s
construction or a definite signal as to the likelihood of inclusion of the ladder could be
determined from our conversations with the MDC and DEP. This issue is revisited in our list
of recommendations. The increase in spawning habitat that would result from providing the
herring with a passageway to the Upper lake would likely result in a tremendous increase in
the annual run. The tangential benefits that would follow this increase are detailed in Section
Iv.

Pollution and Sedimentation

The banks of the Mystic River directly above and below the Amelia Earhart Dam to
the Inner Harbor are lined with industrial properties, including Polarized Metal’s scrap metal
yard, which features at least two outflow pipes that flow directly into the river. District Gas,
Atlantic Fuel’s oil refinery and Boston Edison also abut the river. Municipal storage areas
below the Tobin bridge on the south bank feature an enormous road-salt storage area which is
not tarped, presumably allowing rainwater runoff into the river. All of the properties described
here are regulated and are assumed to be in compliance with state and federal laws for
point-source discharges.

However, many pollutants enter the Mystic River, mostly from CSOs and unregulated
non-point sources. Runoff from streets, parking lots, and sidewalks carries numerous
contaminants, including hydrocarbons, fecal coliform, sediments, litter, and heavy metals such
as cadmium and zinc. Runoff from lawns and gardens can pick up nutrients, such as
phosphorus and nitrogen, from fertilizers. Residential areas that use pesticides for lawns and
gardens can also contribute to stormwater pollution, sending persistent toxic chemicals to the
Mystic. Sediments can come from a number of sources, including construction sites and other
private properties with ineffective soil erosion controls.

The direct effects of pollution may contribute to the death or increased susceptibility
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to disease among river herring. More indirect effects include the destruction of eggs and
young, and changes in vegetation and food supply.(Belding, p.53) Though adult herring may
be able to withstand higher pollution levels than their young, the presence of sewage, excess
nutrients and industrial waste may make the fish unfit for consumption. The primary effect of
sedimentation on the herring is that it decreases optimal spawning habitat. An additional
consequence of high concentrations of suspended solids is an increase in the rate of fungal
infection of herring eggs resulting in high mortality rates. A brief review of the applicable

- Massachusetts water quality standards reveals that addition of these pollutants to the Mystic
River and other Class B water bodies must be severely limited to meet the goal of “fishable,

swimmable waters.”
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IV. Reasons for Reintroducing River Herring into Upper Mystic Lake

In the course of our conversations with all of the state and local officials that helped us

with our compilation of information for this report, we were often asked the same question.

People invariably wanted to know why we are trying to enhance the river herring run, or

sometimes, why we are advocating the inclusion of a fish ladder in the reconstruction of the

Upper Mystic Lake Dam. Beyond the principle of "more is better, " there are several important

reasons for restoring the run. These reasons are listed below.

The organic material from decomposing fish in the upper reaches of the Mystic
watershed will aid in the decomposition of benthic deutritial matter, such as leaf litter,

thereby reducing sedimentation and improving overall water quality .

River herring are planktivores, meaning they consume zooplankton and insect larvae.
Reintroducing them to the upper lake will help to restore the historical food web
structure within the lake.

River herring larvae and juveniles are preyed upon by bass, several species of perch,
pickerel and pumpkinseed as well as several species of birds. Increasing the food
source for these species will enhance outdoor recreational activities such as

sportfishing and birdwatching.

Herring are a prey species for many oceanic fish species. Increasing available spawning

areas for herring will effectively increase fish stocks for commercial fishing interests.
With the depletion of groundfish stocks, alternative species such as herring are being

examined for commercial potential. Maintaining a sustainable population and

maximizing spawning habitat could provide direct economic benefits.
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Focusing on the reintroduction of herring into the Upper Mystic Lake can illustrate the
complex issues surrounding watershed management and serve as a catalyst for

* ecological stewardship of the Mystic River Basin.

By involving surrounding communities such as Somerville and Medford in the efforts
to restore the Herring run, advocacy groups like the AMRA can help to instill a new

- sense of connection and investment by these communities in the health and stability of
the Mystic River Basin. This can in turn lead to a greater level of involvement and
stewardship by these communities and help to instill a sense of pride in their

surroundings, which will eventually lead to a cleaner and healthier watershed.
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V. Recommendations

1. Train Advocates for volunteer monitoring. The University of Rhode Island Watershed
Watch is sponsoring an interactive conference in Kingston, RI, on June 6-8. The conference is
designed to inform citizens of methods to protect and enhance water quality. One session is
specifically geared toward monitoring programs and training volunteers. Advocates attending
this session, in turn, can train volunteers in the area to monitor water quality, habitat
chmadeﬁzatiom and poaching. Contact Carol Hildreth at 508-429-5085 for more

information.

2. Work to create an official protocol for allowing herring to pass through the locks at the
Amelia Earhart Dam. This will prevent massive fishkills from occurring when the herring get
“stuck” at the dam during spring migration and are consequently poached or preyed upon.
Protocols must be put in place to protect the herring. The herring represent a significant
resource and should be given regular access to their spawning areas. Open the gates and let
them spawn! The locks should be kept open during the migratory season. (Berman) If
protocols for the way fish are dealt with are to change, herring restoration itself must be made
a priority. At the Gridley locks (on the Charles river) there is a conscious effort made to let
the herring through, there is no such formal policy in place at the Amelia Earhart Dam.
Rather, the fate of the fish is at the whim of the lock operators, and the dam is operated
primarily for flood control and marine traffic. Herring migration should have equal standing
with these considerations. There is a much bigger herring run at the Gridley locks, partially for

this reason.

3. Seek funding for répair of the fish ladder at the Amelia Earhart Dam. The fish ladder at
the Amelia Earhart dam is currently inoperable. Funding should be sought to repair and

maintain the ladder.
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4. Advocate for MDC prioritization of upper dam fish ladder. The Commonwealth of
| Massachusetts has appropriated $330,000 for the Metropolitan District Commission to
produce an engineering feasibility study and workplan for replacing the Upper Mystic Lake
Dam. (P. DePietro, personal comm. Feb. 1997) The newly constructed dam is tentatively
scheduled to include a fish ladder which would allow for the passage of anadromous fish,
including the Alewife and Blueback Herring, into the Upper Lake and beyond. However, the
money for this project is frozen in the MDC budget until the DEP chooses to make the
construction of the dam a priority. Raising the awareness of local citizens and empowering
activists to pressure the state to take action may speed this process. Actions include lobbying
DEP, organizing a citizen call in to local representatives, or petitioning. Local residents should

contact their state representatives to make them aware of the issue.

5. Undertake official fish count . The Massachusetts Division of Fish and Wildlife needs to

undertake an accurate herring census using automatic fish counters. This information will be

especially pertinent when and if the fish ladder is constructed at the Upper Mystic Lake Dam,

in order to compare the strength of the run before and after construction. Comparative fish

counts will be necessary to assess the benefits of a fish ladder to the Mystic River system. It is

not feasible for a valid census to be undertaken by volunteers due to the size of the river,
which makes observing the fish difficult.

6. Conduct Water quality studies. Although the Commonwealth of Massachusetts is
required by law to collect water quality data, an extensive search for the data bore limited
results, which calls into question whether this information is actually being compiled. An
effort should be made to develop channels of communication among the agencies MDC, DEP

and DEM, and to identify areas of responsibility, so that they can fulfill this mandate.

7. Map spawning habitat. There is little documentation of herring spawning sites in the
Mystic River Basin. Habitat characterization is a key link to understanding the strength and

health of the herring run and its future. Use volunteers in the surrounding community to assess
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habitat suitability as well as to create a sense of stewardship for the community surrounding

the Mystic River (see Volunteer Monitoring Manual).

8. Address the poaching problem. Public education is a good way to remedy the poaching
problem. Advertise the limits that apply and where the fish can be taken. Other options for
regulating the take could include stationing a steward at the dam to provide dip nets. Dip nets
are the least harmful method of catching the fish, but are too expensive for many recreational
fishers to buy. Another good idea is what is currently done on the Back River: people pay a
"herring warden" $5 and he nets 6 herring. Generally, any illegal activity that is witnessed by
advocates should be reported to Dick Murray, with the Environmental Police (state DEP).

(Berman, personal comm. 4/4/97)
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