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Section 1.0

Fisheries and Aquatic Resources



1.0 Fisheries Resources
1.1 Resident Fisheries

The existing historical and current information on resident
fishery resources in the Blackstone River watershed in Rhode
Island and Massachusetts is somewhat limited; however, a recent
watershed fishery survey conducted by Rhode Island and additional
site-specific fishery surveys conducted by Massachusetts,
respectively, have provided a current basin wide evaluation of
the status of the respective fisheries.

Historical Overview

Information regarding the status of the Blackstone River
fisheries during the 1960s is contained within "The Proceedings
of the Conference on Pollution of Interstate Waters of the
Blackstone and Ten Mile Rivers and their Tributaries,
Massachusetts and Rhode Island" (McKenthum 1965). The study
reported that "the Blackstone River once supported a notable run
of American Shad that was destroyed at an early date by the
construction of dams. Presently, all fishery pursuits are
severely limited by pollution. The main stem is practically
uninhabitable for fish. A few fish mostly carp and suckers, are
taken from the river. When pollution is abated, the Blackstone
will be repopulated naturally by warm water species of fish. At
present, because of pollution, there are no plans to develop a
fishery. Trout, which are stocked in Lake Quinsigamond during
the spring of each year provide sport fishing for about 30 days
after the fish are released. Fisherville Pond near Fisherville,
Massachusetts, is also reported to provide fishing."

Massachusetts Studies

A comprehensive fisheries survey of the Blackstone River
Watershed was conducted by the Massachusetts Division of
Fisheries and Wildlife (MADFW) in 1973 (Bergin 1974). Thirty-two
sampling stations including five on the Blackstone River mainstem
were surveyed by Massachusetts.

The objective of the 1973 Massachusetts study was to survey
streams throughout the Blackstone River where coldwater fish
carrying capabilities are unknown or questionable. Twenty-three
(23) species of fish were collected throughout the watershed.

The most common species collected during the investigation were,
in rank order, white sucker, carp and brown trout. Approximately
13% of the first through thixd order streams supported
populations of native brook and brown trout, with some
individuals ranging to approximately 8 inches (20 cm). Streams
which historically contained trout were found to lack coldwater
species due to the destruction of trout habitat by poor land and
water management practices such as ditching, channelization and
dumping of toxic effluents. Native trout were found primarily in
the undeveloped forested sections of the watershed. Consequently
the majority of stream angling was based upon annual stocking of



hatchery trout in a strictly put-and-take situation in streams
that are highly accessible and easily fished.

A fisheries survey of the Blackstone River was also
conducted in May 1981 in a cooperative effort by the
Massachusetts DEQE and Division of Fisheries and Wildlife (MADFW)
as part of the previously described "Sediment Control Plan for
the Blackstone River" study (McGinn 1981). Ten sites were
sampled along the length of the river. A wide variety of game
fish (e.g. yellow perch, bluegill, and largemouth bass) were
collected in the upper reaches, however, the diversity began to
decline at the third downstream sampling site along the Middle
River. Only two pollution tolerant species, white sucker and
bullhead, were collected. This area was heavily industrialized
and loss of habitat was attributed to intensive urban
development. Fish populaticns remain depressed throughout the
next several sampling sites as the River passed through
Worcester, Grafton and Northbridge; all of which had a number of
significant discharges to the River. Improvement was noted in
the lower stretches of the Massachusetts portion of the River in
Uxbridge, Millville and Blackstone which supported populations of
yellow perch, bluegill, pumpkinseed, chain pickerel and
largemouth bass among other species. '

The Massachusetts Department of Environmental Protection
(MADEP), Division of Water Pollution Control (MADWPC) Technical
Services Branch, as part of a June 1985 biomonitoring survey of
the Blackstone River and selected tributaries, conducted a fish
toxics screening investigation (Johnson et al. 1992). This
screening was part of the MADFW Fish Toxics Monitoring Program
administered jointly by the MADFW and MADWPC. The objective of
the program was to develop a statewide database of contaminants
"in freshwater fish and identify those bodies of water that may
pose a threat to human health and aquatic life as a consequence
of elevated contaminants. The white sucker and yellow and brown
bullhead were targeted species due to their bottom feeding
habits. Other fish sampled included golden shiner, common
shiner, chain pickerel, pumpkinseed, bluegill, black crappie and
largemouth bass. Metals concentrations in fish flesh were found
to be fairly uniform at all stations sampled, and were comparable
to tissue levels found in fish from other rivers in the state.
However, results of the benthic macroinvertebrate community
investigation revealed benthic macroinvertebrates that indicated
some of the worst water quality to be found in Massachusetts
inland streams (Johnson et al. 1992).

Two additional fishery surveys were conducted in
Massachusetts in 1988 by MADFW. The first, which was conducted
at a reach of the Middle River in Worcester on July 8th, yielded
only three species, white sucker, bluegill and yellow bullhead.
The second more extensive survey, conducted in September at three
sites between Millville and Blackstone, yielded a wide variety of
gamefish including largemouth bass, chain pickerel and one brown
trout. Fishing pressure was observed to be heavy in the Rolling



Mill Dam area and locals reported good largemouth bass fishing
and an occasional trout and northern pike.

A study monitoring biocaccumulation in fish was conducted by
the MADEP from June 1985 through June 1990 in order to
investigate the potential for increase uptake of metals following
resuspension of contaminated sediments in the vicinity of the
Riverdale Impoundment (Maietta 1990). Sediments were disturbed
during the replacement of flashboards for mill hydropower
generation in 1984. The replacement of the flashboards resulted
in the reflooding of a large area of exposed sediments which were
documented to be contaminated with high concentrations of heavy
metals (McGinn 1981). PCBs/percent lipids and arsenic were added
to the list of parameters in 1990 as a result of concerns voiced
by the State of Rhode Island regarding contributions of toxics
from the Blackstone River to Narragansett Bay. Species analyzed
included carp, white sucker, largemouth bass, yellow perch and
brown bullhead.

Results indicated that resuspension of sediments did not
result in increasing bioaccumulation of heavy metals in white
sucker or brown bullhead (Maietta 1990). Levels of chromium were
slightly elevated in yellow perch and brown bullhead. Mercury
was below the current USFDA Action Level of 1.0 mg/kg methyl
mercury in all samples analyzed. PCBs, while not above the
current USFDA Action Level of 2.0 mg/kg, were well above
detectable levels and appear to be cause for concern from a risk
assessment perspective since there was no data from other
stations on the Blackstone River. The author recommended that
additional fish toxics work was needed to confirm or deny his
conclusion that PCBs in concentrations may pose a potential
health risk to fisherman who consume their catch.

To further investigate the status of the fisheries
resources, the Corps conducted a fish community survey in
Fisherville Pond, on October 15-16, 1996, as part of this
Reconnaissance Investigation to supplement a prior gill net
survey conducted by MADFW in July 1992 (complete survey report
provided in Section 4.1.2). There were two main objectives of
the Corps survey. The first was to provide current fisheries
data to qualitatively assess the status and subsequent needs of
the existing fishery. The second was to determine the
appropriate representative fish receptors (assessment endpoints)
for the Fisherville Pond Preliminary Baseline Ecological and
Human Health Risk Characterization (McLaren/Hart 1997; see
Appendix I). The preliminary ecological baseline risk assessment
on Fisherville Pond water quality and sediment was conducted to
determine if existing contaminant concentrations pose a
significant risk to the fish community. Results of the site
specific fishery survey and corresponding assessment for
Fisherville Pond, which is considered representative (i.e.
typical) of other impoundments in the basin, can be applied to
the existing resident fisheries on a basin wide basis.



The combined results of the two limited surveys indicate
that the fish community of Fisherville Pond, dominated by warm
water species, is similar to that reported for other impoundments
and ponds within the Blackstone River watershed in Massachusetts
and Rhode Island. Two of the species collected, rainbow trout
and brook trout, are coldwater species and were considered
stocked holdovers from the Quinsigamond River (Table 1 in Section
4.1.2). The top six species (based on abundance), representing
over 94% of the total (517 individuals), were (in rank order)
white sucker (47.2%), bluegill (18.4%), golden shiner (11.4%),
yellow perch (8.7%), largemouth bass (4.6%), and carp (3.9%)
(Table 4 in Section 4.1.2). Many of the species collected are
considered to be valuable as food or sport fish.

Fisherville Pond supports a moderately diverse and abundant
warm water fish community. The dominance of the fish population
by more pollution tolerant species (e.g. white sucker, golden
shiner and carp) indicates that the Fisherville Pond System (i.e.
Fisherville Pond, Blackstone River and Quinsigamond River
complex) is somewhat degraded by a combination of water and/or
sediment quality and less than stable pool height. However, the
presence in good numbers of less tolerant species (e.g.
largemouth bass, yellow perch, and bluegill) demonstrates strong
potential for the development of a more balanced fish community
concurrent with improving habitat conditions.

Since moderate numbers of fish were collected in Fisherville
Pond, it is evident that the existing surface water and sediment
quality do not cause significant acute effects to fish that are
readily observable (e.g. fish kills). Apparently, the
contaminant concentrations in the water and/or sediment have not
adversely impacted reproduction and recruitment of fish, since
juveniles (young-of-the-year) as well as adults of two species
(i.e. bluegill, largemouth bass) were collected during the fall
1996 survey. However, the potential level of significance of any
direct adverse impacts to any of the species present can not be
definitively determined by existing data.

Based upon a review of the limited survey data and analyses,
it is apparent that we do not know enough about the fish
population of the Fisherville Pond System to predict effects of
existing water and/or sediment quality and water level management
to the fish community. Accordingly, the Central District Aquatic
Biologist recommended (see review comment letter provided at the
end of Section 4.1.2) that the Massachusetts Division of
Fisheries & Wildlife, with Corps assistance, design and conduct
more intensive surveys and analyses of selected species (e.g. age
and growth studies) including a survey of the Blackstone and
Quinsigamond Rivers immediately above the Fisherville Pond
impoundment during the late summer or early fall time period.

As part of the Blackstone River Watershed Resource
Assessment and Management Plan (MADEP and UESPA 1995) for
development of a TMDL for the Blackstone River, fishery resource



areas in Massachusetts were identified and described in order
that any recommendations made under a TMDL allocation consider
potential impacts to these resource areas. Stocked trout waters
were identified in this report as priority areas for protection.
Waters stocked with trout are required to be of high quality and
indicate areas that should be focused on for protection, and for
determination of possible impact if development projects occur
nearby. Stocked trout waters in the Massachusetts portion of the
Blackstone River Basin are described in the following section.

However, more important than protecting waters stocked with
hatchery trout, is protecting waters that support wild
populations of trout (i.e. naturally reproducing). Numerous
waters in the upper portion of the basin are identified by MADFW
as "exceptional wild trout waters" (e.g. Ironstone (Bacon) Brook
in Uxbridge) and are consequently not stocked. Several streams,
which were formerly stocked (e.g. Cold Spring Brook in Sutton),
are no longer stocked since the existing wild trout populations
are large enough to maintain an excellent fishery. Other streams
that contain wild trout populations are also stocked to
supplement existing populations (e.g. Mill River in Mendon
and Blackstone) .

In addition, the following fisheries issues were also noted
in MADEP and USEPA (1995). The Mill River, Peters Brook, and
Abbott Run have populations of the American brook lamprey
(species of concern). Also, several tributaries to the mainstem
Blackstone River have rare species or species with special
habitat needs. The Mumford River has good potential for spawning
habitat for northern pike. The lower portion of Cold Spring
Brook in Sutton has good trout habitat, and other streams
especially those in the western portion of the basin, may also
provide good trout habitat.

Massachusetts Trout Stocked Waters

Eleven brooks, streams, and/or rivers and six lakes and/or
ponds in the Blackstone River basin are presently stocked by
MADFW (1997). Table 1 lists the basin waters stocked with trout
including those waters in the Rhode Island portion.

Rhode Island Studies

A comprehensive fisheries survey of the Blackstone River
watershed was conducted by the Rhode Island Division of Fish and
Wildlife (RIDFW) in 1975 (Demain and Guthrie 1979). In summary,
nineteen (19) species of fish, representing seven (7) families,
were collected from twenty-one (21) sampling stations during the
Blackstone River watershed survey including three on the mainstem
Blackstone River. The RIDFW also conducted a survey of ponds in
the watershed in the late 1970s (Guthrie and Stolgitis 1977).



The purpose of the 1975 Rhode Island survey was to provide
information on the fish populations of the Blackstone River and
its tributaries. The study indicated that the water quality of
the mainstem Blackstone River was unsuitable for most game fish
and panfish species and consequently supported populations of
fish undesirable for sport fishing. White suckers dominated the
Blackstone River catch; the only other species collected in rank
order were brown bullhead, bluegill and fallfish. The Branch
River, which is the largest tributary, showed some improvement
over the Blackstone, with warm water gamefish and panfish (e.g.
largemouth bass, yellow perch, and chain pickerel) appearing in
the samples.

The survey was conducted in July and August in order to
determine if adverse conditions such as high water temperatures
and low flow rates, factors which are detrimental to fish life,
were present. The majority of the tributaries sampled showed
conditions suitable for warm water fish species, however, few
tributaries demonstrated conditions suitable for native brook
trout which require coldwater habitat and high dissolved oxygen
levels.

A baseline fisheries survey was conducted in Rhode Island in
1987 in the vicinity of the proposed primary water supply
withdrawal intake structure for the Ocean State Power combined
cycle power generating plant in Woonsocket (Ecology and
Environment 1987). Four sites in a 1.5 mile reach, two upstream
and two downstream of the proposed intake, were sampled by a
variety of methods in the Blackstone River. Ten species of fish
were collected during the May and July 1987 survey. In contrast
the RIDFW 1975 survey reported only three species of fish in the
Woonsocket vicinity (Demaine and Guthrie 1979). The most
abundant species collected in both surveys was the white sucker.
The results of this survey indicate that since the 1975 survey
the fishery resources of the Blackstone River in the vicinity of
Woonsocket have improved. Overall, there was greater species
richness, and the species present included several that have
recreational value as sport fish (i.e. largemouth bass, bluegill,
pumpkinseed, yellow perch, and chain pickerel) . Although
different sampling methods were used during the two surveys,
making direct comparisons of the overall abundance of fish
populations difficult, it appears that in addition to an increase
in species richness, the overall abundance of fish populations
has increased (Ecology and Environment 1987). 1In addition, the
presence of large numbers of juveniles of some species during the
survey (e.g. largemouth bass) indicates that the Blackstone River
provides a suitable spawning habitat for these species.

In 1994 and 1995, the Rhode Island Division of Fish and
Wildlife conducted comprehensive fishery investigations (stream
and pond surveys) on the Blackstone River, and adjacent
Woonasgsuatucket and Moshassuck River watersheds (Libby 1996) .
In summary, a total of thirty-one species of fish, representing
12 families, were collected from 54 stations during the



Blackstone River watershed survey as indicated in Table 2 (Table
1 in Libby 1996).

Bluegill and yellow perch were the most abundant species of
fish collected from the pond stations (Table 3 in Libby 1996).
Collectively, they represented approximately 65 percent of the
catch-per-unit-effort (CPUE). Largemouth bass, bluegill,
pumpkinseed, and yellow perch were the most widely distributed
species, occurring in at least eight of the nine ponds sampled.
Six of the nine ponds sampled in the present survey coincided
with ponds surveyed earlier by Guthrie and Stolgitis (1977).
Differences were observed between the two surveys in the
composition of the catch. For example, among the game species,
smallmouth bass were found in Wallum Lake by Guthrie and
Stolgitis but were not found there in the present survey. In
addition, northern pike were caught in Echo Lake in the present
survey but were not caught there in the earlier survey.

The brook trout, comprising almost 25 percent of the total
CPUE, was the most abundant species collected from stream
stations (Table 4 in Libby 1996). Wild brook trout were from 13
of the 45 stations sampled. Brook, brown, and/or rainbow trout,
that had been stocked by the Division for its put-and-take
fishery, were collected in Wallum Lake, Mill Pond/Clear River, or
Brandy Brook. Pumpkinseed, fallfish, and the tessellated darter
were also very abundant at many of the stream stationms.
Collectively, they represented nearly 40% of the total CPUE.

Four stream stations in the present survey (Libby 1996)
coincided with stations used in the 1970s by Demaine and Guthrie
(1979). Differences were observed between the two surveys in the
composition of catch (Table 4 in Libby 1996) . For example, at
Clear River (Stream Station No. 1.4.6), largemouth bass and brown
bullhead were found in 1975 but absent in 1994-95, while brook
trout, chain pickerel, and swamp darter were found in 1994-95 but
absent in 1975. The largemouth bass was the most widely
distributed species in the Blackstone River watershed in Rhode
Island, occurring at 26 of the 54 stations sampled (Figures 4-34
in Libby 1996). Some species, such as the alewife (landlocked) ,
bridal shiner, brown trout, creek chubsucker, longnose dace, and
smallmouth bass, were only found at a single station. The
blueback herring that were collected in the Blackstone River from
Station 1.1.2 (Broad Street, Cumberland) represented the progeny
of adults that were stocked earlier in the year to determine the
potential for restoring river herring to the Blackstone River.

The range in conductivities, water temperatures, pHs, and
oxygen concentrations measured at each station in the Blackstone
River watershed during the 1994-95 sampling period are presented
below (Libby 1996) :



Parameter Range Mean SD

Conductivity (uS) 34-392 115.8 79.7
Water Temperature (C) 10-28 18.8 4.1
pH 4.15-7.9 6.33 0.7
Oxygen (mg/1l) 3.7-11.0 8.01 1.63

Rhode Island Trout Stocked Waters

As a result of improving water quality (primarily decreasing
ambient water temperatures and increasing dissolved oxygen
levels) in the mainstem Blackstone River, the RIDFW initiated
annual trout stocking, a cold water habitat species, in the lower
Blackstone River beginning in 1994. A total of 2,285 adult brown
trout were stocked in 1994 below the dams at Valley Falls, Martin
Street Bridge, Ashton Meadows, and Albion. The improved water
quality and observed aquatic productivity indicated some
potential for a quality fishery. The primary limiting factor
appears to be the relatively high water temperatures reached
during the summer months; however, an evaluation of trout
"holdover" survival has not been conducted. Public opinion of
the program has been favorable with RIDFW receiving positive
comments throughout the fishing season. During prolific caddis
"hatches", many people were observed fishing with fair success.
The fish caught appeared to be in good condition. Following this
initial success, the following number and species of trout have
been stocked in subsequent years: 2,400 in 1995 (300 brown, 1400
rainbow, and 700 brook trout); 3,400 in 1996 (1200 brown, and
2200 rainbow trout); and 2,600 to date in 1997 (1300 brown, and
1300 rainbow trout).

In addition the Blackstone River, seven brooks, streams,
and/or rivers and six lakes and/or ponds in the Blackstone River
basin are presently stocked by RIDFW (1997). Table 1 lists the
basin waters stocked with trout including those waters in the
Massachusetts portion.

Basin Summary

The Blackstone River and its major tributaries are on the
continued rebound today from severe historical environmental
degradation. Based on a review of the existing fishery survey
data, the mainstem Blackstone and major tributaries presently
supports an improving recreational warm water fishery throughout
the basin and a put and take stocked trout fishery in selected
portions (e.g. lower Blackstone River). Wild brook and brown
trout fisheries exist only in the upper reaches of the basin
where suitable coldwater fish habitat and high dissolved oxygen
levels persist.

Previous studies show that this has not always been the
case. Data collected during the 1970s suggested that water
quality parameters were indicative of polluted conditions, and



biological studies showed a corresponding reduction in abundance
and diversity of aquatic organisms. Prior to the enactment of
the Federal Water Pollution Control Act Amendments of 1972, the
Blackstone River and its tributaries received numerous untreated
wastewater effluents resulting in degraded water and sediment
quality. Studies in the 1980s and into the 1990s suggested the
beginning of river biota recovery resulting from improved water
quality in response to the addition and upgrading of sewage
treatment plants (i.e. improvements in wastewater treatment
facilities), although toxicants in sediment and in fish tissue
continue to pose concerns. The recovery of the basin was also
facilitated by the enactment and promulgation of environmental
protection acts and implementation of regulations (e.g. wetland
protection act/regulations) which include the protection of
riparian (riverfront) areas in order to preserve the natural
integrity of rivers and adjacent land for the important wvalues
these areas provide. Natural riverfront areas are critical to
maintaining a thriving fisheries. Maintaining vegetation along
rivers promotes fish cover, increases food and oxygen
availability, decreases sedimentation, and provides spawning
habitat. Maintenance of water temperatures and depths is
critical to many important fish species. Where groundwater
recharges surfaces water flows, loss of recharge from impervious
surfaces within the riverfront area may aggravate low flow
conditions and increase water temperatures. In some cases,
summer stream flows are maintained almost exclusively from
groundwater recharge. Small streams are most readily impacted by
removal of trees and other vegetation.

The earlier surveys indicated that the fishery resources
present in the mainstem Blackstone River and major tributaries
were generally typical of warm water habitats, however, they
included only species capable of surviving in poor quality waters
resulting in resident fish populations that were undesirable for
sport fishing. The more recent surveys, including those of the
macroinvertebrate communities (see Section 1.4), reflect
improvements in water quality. While the current basin fishery
is still characteristic of warm water habitats, there is a
greater number of recreational game species present including
yellow perch, white perch, largemouth bass, smallmouth bass,
black crappie, chain pickerel, and northern pike, all typical of
better water quality conditions, and all providing improved
recreational fishing opportunities.

In summary, the dominance of the current fish population by
more pollution tolerant species (e.g. white sucker, golden shiner
and carp) indicates that the Blackstone River System is somewhat
degraded by a combination of water and/or sediment quality.
However, the presence in good numbers of less tolerant species
(e.g. largemouth bass, yellow perch, and bluegill) demonstrates
strong potential for the development of a more balanced fish
community concurrent with improving habitat conditions.



In addition, the reintroduction of anadromous fishes to
their previous spawning grounds (see Section 1.2) will also have
a positive effect on the ecology of those freshwater systems
(Loesch 1987). In freshwater areas where herring have been
restored, studies show that resident fish populations were
enhanced. The juvenile herring produced in the spawning run
serve as a food supply for bass and other resident species. All
life stages of anadromous herrings are important forage for many
freshwater and marine fishes; in addition, birds, amphibians,
reptiles, and mammals have also been documented as predators.
The mortality of anadromous alewives provides an important source
of nutrients for headwater ponds.



TABLE 1

BLACKSTONE RIVER BASIN
Massachusetts and Rhode Island Trout Stocked Waters (1997)

Massachusetts Division of Fisheries & Wildlife
Rhode Island Division of Fish and Wildlife

Massachusetts
Brooks/Streams/Rivers Town/City
Big Bummit Brook Shrewsbury, Grafton
Center Brook Upton
Emerson Brook Uxbridge
Fox Stream Blackstone
Mill River Mendon, Blackstone
Miscoe Brook Grafton
Muddy Brook Mendon
Mumford River Douglas
Peters River Bellingham
Quinsigamond River Grafton
Warren Brook Upton
West River Grafton, Northbridge,

Upton, Uxbridge

Lakes/Ponds Town/City
Coes Pond Worcester
Jordan Pond Shrewsbury
Lake Quinsigamond Worcester, Shrewsbury
Pratt Pond Upton
Singletary Lake Millbury, Sutton
Wallum Lake Douglas

Rhode Island
Brooks/Streams/Rivers Town/City
Abbotts Run Brook Cumberland
Blackstone River Cumberland, Lincoln
Brandy Brook Glocester
Chepachet River Glocester, Burrillville
Clear River Burrillville
Round Top Brook Burrillville
Silvy'’s Brook Cumberland
Lakes/Ponds Town/City
Cass Pond Woonsocket
Lapham Pond Burrillville
Memorial Park Pond Lincoln
Round Top Ponds Burrillville
Silvy’s Pond Cumberland
Spring Grove Pond Glocester
Sylvester’s Pond Woonsocket
Tarklin Pond Burrillville
Upper Rochambeau Pond Lincoln
Wallum Lake Burrillville




Table 2. - Species of fish collected during the Blackstone
River watershed survey of streams and ponds in Rhode

Island.

Common Name

Family

Scientific name

American brook lamprey

American eel

Alewife

Common carp
Common shiner
Golden shiner
Blacknose dace
Longnose dace
Fallfish
Bridle shiner

White sucker
Creek chubsucker

Brown bullhead
Yellow bullhead

Redfin pickerel
Chain pickerel
Northern pike

Petromyzontidae

Anguillidae

Clupeidae

Cyprinidae

Catostomidae

Ictaluridae

Esocidae

Lampetra appendix

Anguilla rostrata

Alosa psuedoharengus

Cyprinus carpio

Luxilus cornutus
Notemigonus crysoleucas
Rhinichthys atratulus
Rhinichthys cataractae
Semotilus corporalis
Notropis bifrenatus

Catostomus commersoni
Erimyzon oblongus

Ameiurus nebulosus
Ameiurus natalis

Esox americanus
Esox niger
Esox lucius



Table 2. - Continued.

Family
Common Name Scientific name
Salmonidae
Rainbow trout Oncorhynchus mykiss
Brown trout Salmo trutta
Brook trout Salvelinus fontinalis
Cyprinodontidae
Banded killifish Fundulus diaphanus
Percichthyidae
White perch Morone americana
Centrachidae
Banded sunfish Enneacanthus obesus
Pumpkinseed Lepomis gibbosus
Bluegill Lepomis macrochirus
Smallmouth bass Micropterus dolomieu
Largemouth bass Micropterus salmoides
Black crappie Pomoxis nigromaculatus
Percidae

Swamp darter
Tessellated darter
Yellow perch

Etheostoma fusiforme
Etheostoma olmstedi
Perca flavescens



1.2 Anadromous Fisheries

Background and Overview

The Blackstone River is the second largest tributary to
Narragansett Bay, draining approximately 475 square miles in
south central Massachusetts and northern Rhode Island.
Historically it supported spawning runs of anadromous species of
fish. Each spring adult American shad, river herring (alewife
and blueback herring), and Atlantic salmon would ascend the river
to spawn (Borden 1993). Unfortunately, the extensive
construction of dams for water power in the late 1700’s and
1800's prevented these migratory fish from returning to the river
basin’s historical spawning and nursery areas and consequently
these fish runs were eliminated in the Blackstone River Basin.
The first dam on the Blackstone was constructed in 1793 to
generate power for Slater’s Mill despite protests of upstream
farmers and fishermen (BRVNHCC 1993). The effect of the dam was
to destroy the anadromous fishery migration.

Atlantic salmon once constituted a large portion of the
commercial catch in Narragansett Bay (Desbonnet and Lee 1991).
However, the bay fishery was very short-lived, completely
collapsing by 1869. The collapse can be attributed to the
salmon’s loss of access to suitable spawning grounds in upper
reaches of Bay tributaries. All tributaries to the Providence
and Seekonk rivers including the Blackstone were dammed by the
early 1800s to provide water power for the region’s burgeoning
industrial needs (Goode 1887; cited in Desbonnet and Lee 1991).
The Blackstone River becomes the tidal Seekonk River immediately
downstream of the Main Street Dam in Pawtucket, the first dam on
the Blackstone River. This closing of the tributaries would have
severely resticted, if not completely eliminated, access of
salmon to their historical spawning beds in the upper tributaries
upon which they were reared. Although the fishery was not
studied to any great extent before it collapsed, and reference to
damming as a cause for the fishery collapse is anecdotal, the
adverse effect of river dams on salmonids is well documented for
Atlantic salmon stocks. With no recruitment occurring in
Narragansett Bay for Atlantic salmon populations, local
extinction of the area’s salmon was rapid and complete.

Alewives, another anadromous fish species, commanded an
extensive fishery in Narragansett Bay from the mid-1800s to the
turn of the century (Desbonnet and Lee 1991). But by the early
1900s this commercial fishery was declining rapidly, and it was
essentially abandoned by 1930. This species, like the salmon,
travels up the estuary to spawn, but it is not as reliant as
salmon upon gaining access to the upper reaches of tributaries to
successfully reproduce. Although damming of tributaries in
Narragansett Bay may have negatively influenced alewife stocks,
the fishery’s failure is generally attributed to overfishing
(Goode 1887; cited in Desbonnet and Lee 1991). During the spring
alewife runs, fish traps were placed throughout Narragansett Bay,



particularly in the East and West passages and the mouth of
Sakonnet Bay. These fish traps were often placed so densely that
it was virtually impossible for any alewives to reach the upper
bay without becoming lodged in one (Goode 1887; cited in
Desbonnet and Lee 1991). Alewives have not been fished on a
commercial basis in Narragansett Bay waters since the fishery’s
collapse (Desbonnet and Lee 1991). Since the late 1950s,
however, alewives have begun to return to Narragansett Bay in
increasing numbers, and have often been noted in the Providence
and Seekonk rivers. Spawning now occurs in some of the lower and
coastal tributaries of the bay which remained accessible, and the
species appears to be re-populating itself as a springtime
visitor to Narragansett Bay waters.

It is apparent that the collapse of Narragansett Bay
fisheries for anadromous species is not directly attributable to
water quality degradation in the estuary and tributaries
(Desbonnet and Lee 1991). Overfishing took a rapid toll on the
populations of these fishes as they moved through the bay to
spawn, and loss of access to historic spawning areas via the
construction of dams, at least for salmon, prevented the rapidly
depleted adult stocks from replacing themselves. In the case of
the alewife fishery, water quality degradation in the Providence
and Seekonk rivers may have caused a loss of suitable spawning
habitat, but extraordinary fishing pressure apparently was the
main cause of the extinction of the commercial fishery in
Narragansett Bay (Desbonnet and Lee 1991). American shad and
river herring were not mentioned as anadromous fish species that
contributed to the Narragansett Bay commercial catch in Desbonnet
and Lee’s 1991 report entitled "Historical Trends: Water Quality
and Fisheries, Narragansett Bay."

Recent improvement in water quality along with advancements
in fishway technology indicate that restoring populations of
American shad and river herring to the lower reaches of the
Blackstone River system is feasible (Borden 1993). Restoration
of Atlantic salmon would be extremely difficult since historic
salmon spawning and nursery habitat areas located in the upper
tributaries of the Blackstone River are inaccessible due to
numerous dams on the mainstem river and tributaries. 1In
addition, most of the tributary headwaters are impounded,
resulting in feeder streams too warm for salmon survival (Demaine
and Guthrie 1979). Accordingly, Atlantic salmon are not
considered as a viable restoration target species for the
Blackstone River based upon the analyses and proposed actions in
the "Final Environmental Impact Statement (FEIS) 1989-2012:
Atlantic Salmon Restoration in New England" issued by the USFWS
in 1989. The Blackstone River was not included among the 28
major rivers in New England that contained significant Atlantic
salmon populations in pre-colonial times (MacCrimmon and Gots
1979, Kendall 1935; cited in USFWS 1989) and consequently is not
one of the rivers targeted for restoration in the FEIS.
Consequently, the primary restoration goal is to establish self-
sustaining runs of American shad and river herring. The



secondary goal is to provide access to all potential spawning and
nursery habitats for anadromous, semi-anadromous, catadromous,
and residential fish species in order to maximize the biotic
potential of the basin fisheries.

The main restoration concern of the Rhode Island Division of
Fish and Wildlife (RIDFW) is to provide fish passage facilities
at the lower four dams (i.e. Phase 1 of the comprehensive
Strategic Anadromous Fish Restoration Plan) to open sufficient
spawning and nursery habitat for self-sustaining populations of
shad and river herring. The second major concern of the RIDFW is
sufficient flows during critical life-cycle periods during August
and the spring upstream migration. Other concerns include but
are not limited to seasonal river flows, water releases/flow
regulation, water withdrawals, flow duration curves, and water
and sediment quality, although contaminated sediments may have
little bearing on the success of anadromous fish restoration on
the Blackstone since healthy populations of anadromous species
exist in river systems with comparable sediment contamination
(O’Brien 1993).

However, the restoration of anadromous fish to the
Blackstone River is an enormous undertaking and consequently a
multi-state, multi-agency (federal, state, local and private)
approach is required, combining all existing technical and
financial resources for anadromous fish restoration.

Consequently, the goal of restoring target species of
anadromous fish to the Blackstone River will be conducted in a
phased approach focusing first on short term actions (i.e.
implementation of Phase I objectives by providing upstream and
downstream fish passage at the lower four dams) and identifying
long term activities in Phase II during development of the
Blackstone River Basin Strategic Anadromous Fish Restoration
Plan. The phased approach for restoring anadromous fish is
discussed later in this section.

Life History and Environmental Regquirement Summaries of Targeted
Anadromous Fish Species for Restoration to the Blackstone River

Detailed life history information/species profiles on the
targeted species are available in numerous documents in the
literature for American shad (e.g. Weiss-Glanz et al. 1986; etc;)
and river herring (e.g. Fay et al. 1983; Gray 1992; etc;). The
following briefly summarizes their respective life histories and
environmental requirements.

American shad:

The American shad, Alosa sapidissima, is an anadromous
member of the family Clupeidae (herrings). Along the Atlantic
coast, its range extends from southern Labrador to northern
Florida. American shad undertake extensive seasonal migrations
along the Atlantic coast. Shad migrate into rivers for spawning



beginning in April in southern rivers and continuing until July
in the northernmost rivers. Following their postspawning
downstream migration, adult shad migrate north along the coast to
Canada where they feed during the summer. A southward migration
occurs along the continental shelf where the fish winter prior to
spring spawning migrations to their natal (river of origin)
rivers. Although shad weighing more than 10 pounds are
occasionally captured, adult males typically weigh between 1 and
1/2 to 6 pounds, and females between 3 and 1/2 to 8 pounds. Shad
may grow to 30 inches in length, but fish 20 to 24 inches long
are the largest usually caught.

American shad have a range of life history patterns
depending on their river of origin. In southern rivers, shad
return to spawn by age 4, and spawn 300,000 to 400,000 eggs; they
usually spawn only once, however. With increasing latitude, the
mean age at first spawning increases to 5, and the number of eggs
per spawning decreases to 125,000 to 250,000 eggs; the number of
spawnings per life time, however, increases. 1In Rhode Island
waters, American shad juveniles leave their nursery areas in late
fall, mature in the ocean, and return to the tributaries to spawn
in the spring after two to five years. Spawning sites are the
same from year to year. Shad spawn at night, usually in shallow
water with moderate currents in the main stem of rivers.

The critical life stages of American shad are the eggs,
larvae, and early juveniles (Klauda et al. 1991). Water
temperatures > 13 C, pH > 6.0, and dissolved oxygen > 5.0 mg/L
are important requirements for shad eggs. Larvae require water
temperatures of 15.5-26.1 C, pH > 6.7, dissolved oxygen > 5.0
mg/L and suspended solids < 100 mg/L. Requirements of juvenile
shad are similar to those of larvae.

River Herring:

River herring is a term applied collectively to alewife,
Alosa pseudoharengus, and blueback herring, Alosa aestivalis,
because of similarities in appearance, time of spawning, methods
of capture, and uses of the commercial catch. Both species are
also members of the family Clupeidae (herrings). The coastal
range of the blueback herring is from Nova Scotia to Florida; the
coastal range of the alewife is farther north, from Labrador to
South Carolina. 1In coastal rivers where the ranges overlap, the
fisheries for the two species are mixed. Both species are
anadromous and undertake upriver spawning migrations during
spring. Few individuals of either species exceed 12 inches in
length or about 2/3 of a pound in weight. Alewives may live as
long as 10 years and reach a length of 14 inches. Blueback
herring live for about 7 or 8 years and reach a maximum length of
about 13 inches.

Alewives spawn in the spring when water temperatures are
between 16 C and 19 C; blueback herring spawn later in the
spring, when water temperatures are about 5 C warmer. Fecundity



(reproductive potential) and age at maturity for both species are
similar. Between 60,000 and 300,000 eggs are produced per
female; and maturity is reached at ages 3 to 5, primarily at age
4. 1In Rhode Island waters, river herring juveniles leave their
nursery areas in fall, mature in the Atlantic Ocean, and return
after two to five years to the tributaries for spring spawning.

Despite their similarities, there are important life history
differences (Loesch 1987). Alewives select lentic (still water)
areas for spawning. Blueback herring spawn in lotic (moving
water) sites in the sympatric distribution (i.e. when they occupy
the same range as alewife), but use primarily lentic sites in
their allopatric (occurring in different areas) range. The
differential selection of spawning sites by blueback herring
reduces competition with alewives for spawning grounds in
sympatry. River herring return to natal streams for spawning,
but they also readily colonize new streams or ponds and reoccupy
streams from which they have been extirpated.

The critical life stages of alewife (AW) and blueback
herring (BH), like the American shad, are the eggs, larvae, and
early juveniles (Klauda et al. 1991) . Water temperatures > 11 C
(AW) and 14 C (BH), pH > 5.0 (AW) and > 5.7 (BH) and dissolved
oxygen (DO) > 5.0 mg/L (AW and BH) are important habitat
requirements for eggs. Larvae require water temperatures at
least 8 C (AW) and 14 C (BH), pH > 5.5 (AW) and > 6.2 (BH), DO >
5.0 mg/L, and suspended solids < 500 mg/L.

Habitat Issues:

In addition to the blockage of shad and herring spawning
migrations by dams, acid deposition and subsequent stream
acidification may be a major problem in the decline and/orxr
restoration of many anadromous fish. Laboratory studies have
shown that river herring eggs and larvae suffer high mortalities
below pH 6.5 and total dissolved aluminum levels greater than
0.34 mg/L. As reported in the Chesapeake Bay Program (1989),
there is a high incidence of low pH and high dissolved aluminum
events in many Eastern shore streams following heavy spring
rains.

Removal of Fish Blockages

Where feasible, migratory fish (anadromous, semi-anadromous
and catadromous) and residential fish passage would be restored
through the removal and/or modification of upstream and
downstream fish blockages. Passage may be restored by the
removal or modification of obstructions such as small dams and
utility crossings, the addition of fish ladders, fish locks, and
fish 1lifts, and the retrofit of structures such as culverts and
the removal or notching of existing weirs.

Barriers, both upstream and downstream, to fish migration
exist on nearly every tributary of the Blackstone River system.



The most well known are the hydropower dams, but fish migration
can be blocked by a structure only one foot high, such as a road
culvert. A wide variety of small to mid-sized dams are found in
the Blackstone River watershed. These dams include
hydroelectric, historic mill and flood control dams, as well as
wildlife or recreational impoundments. At one time there were
approximately 45 dams on the mainstem Blackstone River, however,
most of these have washed out during floods. Currently, there
are 17 dams on the river, all of which are between 7 and 25 feet
high, with the exception of the 40 feet high Thundermist Dam in
Woonsocket.

The structures which act as upstream and/or downstream
barriers to fish migration are diverse, ranging from hydropower
dams to small road culverts. No one solution can address all
situations. The following lists the diversity of potential
solutions to address these problems.

Potential Solutions for Removing Barriers to Migratory Fish
Passage

Fish passage technology has improved greatly in recent
years. Several New England states have active and successful
programs providing passage for migratory fish. For example, in
Massachusetts, nearly 130 fishways maintain migrations on
approximately one hundred tributaries. On the Connecticut River,
migratory fishes have been restored to 174 miles of historic
habitat as a result of fishway operations at 3 dams.

Breaches:

The simplest solution for fish passage is to remove part or
all of an obstruction. Breaching is a practical alternative when
the barrier is no longer in use or the benefits of passage favor
a modification to the structure. A breach solves both upstream
and downstream fish passage needs. However, other issues (e.g.
contaminated sediments) may be critical in determining whether
this solution is practical. The complete removal of a dam is
discussed in further detail in Section 5.5.1.4 Dam Removal.

Figh Ladders:

A common solution is to install a fish passage facility, or
fishway, to allow fish to pass over or around an obstruction
during its upstream migration. On smaller blockages, a "fish
ladder" can be used. This is an inclined water channel structure
with a series of baffles or weirs which interrupt and slow the
flow of water. The fish swim up the ladder just as they would
natural rapids.

Locks:
Fish locks pass fish around dams by raising the water level

in a chamber, which the fish have already entered, until the
water surface rises above the barrier. Locks are useful for



certain fish, such as striped bass and sturgeon, which generally
will not use fish ladders.

Lifts:

For larger dams, where fish ladders may not be practical, a
mechanized device known as a "fish 1lift or elevator" is often
used. Fish are attracted by flow into a confined space and
elevated in a volume of water over the dam. In some cases, fish
will be transported in special tank trucks around several dams
until all are fitted with passage facilities.

Retrofit:

Some structures such as culverts and gauging stations on
smaller tributaries can be redesigned to provide the gradient and
flow necessary for fish passage. Culverts can be buried below
the streambed and gauging stations can be notched or modified to
allow fish passage.

Downstream Fish Passage Considerations:

Upstream fish passage facilities allow adult anadromous fish
to reach their spawning grounds but often do not provide for the
safe return (e.g. minimizing the passage of fish through the
hydroelectric turbines) of the adults and young to the marine
environment. The lack of downstream fish passage facilities or
inadequate facilities could have a significant negative impact on
fish populations. Therefore, downstream fish passage facilities
are also required at all dams on the Blackstone including the
non-hydro dams but particularly at hydroelectric facilities to
minimize entrainment of downstream-migrating fish in turbines.

A variety of downstream fish passage screening devices have
been employed to prevent fish from becoming entrained in the
turbine intake flows at hydroelectric facilities (USDOE 1991) .
The simplest, spill flows over the dam spillway, can transport
fish over the hydropower dam rather than through the turbines.
Typically, this is accomplished by placing a downstream migrant
notch in the non-overflow section usually adjacent to the
upstream fishway exit channel and providing for a plunge pool for
the fish to safely fall into (see Attachment 1 of Appendix Z for
details). Increased spillage at non-hydropower dams may be used
to flush fish over a dam via a notch or through a bypass. At the
other end of the scale, more sophisticated physical screening
devices (e.g. angled bar racks) and light- or sound-based
guidance measures are being studied to bypass downstream
migrating fish with a minimal loss of water that could otherwise
be used for power generation. There is presently no single
downstream fish passage protection system or device which is
biologically effective, practical to install and operate, and
widely accepted to regulatory agencies (USDOE 1991) (see
subsequent section on "Potential Impacts and Environmental
Mitigation at Hydroelectric Projects" for more details) .



Fish Passage Facilities at Lower Four Dams (Phase I) and Long
Term Specific Steps to Restoring Anadromous Fisheries (Phase

II/Long Term)

Primary Goal: establish self-sustaining runs of anadromous fish
(American shad and river herring)

Secondary Goal: provides access to all potential spawning and
nursery habitats for anadromous, semi-anadromous, catadromous and
residential fish species for maximum biotic potential.

To achieve these goals, the following primary objectives
were established:

1. To provide for migratory fish passage (upstream and
downstream) at dams, and to remove stream blockages wherever
feasible to allow access to the river’s historical spawning and
nursery habitat areas; and

2. Prior to and/or in conjunction with providing fish passage,
reintroduce migratory fishes to habitat above present blockages.
The young fish (juveniles) will become "imprinted" on the
upstream habitat and will return to spawn there when fish passage
is provided and/or the stream blockage is removed. Mature
returning adult fish can be obtained from other river systems
and/or trapped below blockages as they return to the Blackstone
and transported and stocked upstream to spawn, or young
hatchery-produced fish (fry and/or juveniles) or fish from other
streams can be stocked above the blockages.

Phase I - Anadromous Fish Passage at Lower Four Dams
Description:

The objective of restoring anadromous fisheries to the
Blackstone River can be achieved by either removing dams, or by
providing upstream and downstream migratory fish passage
facilities at dams, and by reintroducing migratory fishes to the
river’s historical spawning and nursery habitat areas. The
feasibility and cost-effectiveness of removing dams should be
evaluated as part of the selection of a comprehensive plan.
Restoration efforts should be conducted in a phased approach,
with Phase 1 involving the establishment of fish passage at the
lower four dams in order that the target species (i.e. American
shad and river herring) be able to reach the significant Valley
Falls Pond/Marsh spawning and nursery habitat. Non-targeted fish
species (e.g. rainbow smelt, sea-run brown trout, striped bass
and sturgeon) are also expected to use these facilities. Below
the Valley Falls Dam there is only limited spawning and nursery
habitat. Future phases of the restoration efforts should also be
based upon habitat areas.



These four projects are listed by Federal Energy Regulatory
Commission (FERC) file numbers in upstream order as follows:

NAME FERC # TYPE

Main Street 3689 Exemption - 7/21/81
Slater Mill g No Hydro

Elizabeth Webbing Co. 3037 Licensed - 7/13/81

Valley Falls 3063 Licensed - 8/28/91

In the exemption and/or license conditions for all three
hydroprojects, there are statements or articles that require the
licensee to provide the necessary fish passage facilities at the
respective project. There are likewise articles or conditions
that cover minimum flows to be passed down the diverted reach.

Conceptual Figh Passage Designs/Cost Estimates for the Lowermost
Four Barriers on the Blackstone River in Rhode Island

The USFWS Engineering Field Office in January 1394, at the
request of the State of Rhode Island, performed preliminary
designs of potential upstream and downstream fish passage
facilities for the lower four dams on the Blackstone River in
Rhode Island (see COE 1994 Section 22-Study, Appendix C). The
USFWS used low flow tailwater depths obtained by the Corps in
1993 downstream of the four dams and other available information.
A written description of what a typical fishway, that is proposed
for upstream and downstream fish passage on the Blackstone in
Rhode Island, would look like and how it functions was also
provided in the aforementioned Appendix C. The fishways were
designed (sized) for passing American shad and river herring;
therefore, they will also readily pass Atlantic salmon which
possess greater swimming abilities. Preliminary "ballpark" cost
estimates for upstream and downstream fish passage at the first
four dams were also provided in the 1994 Blackstone River
Restoration Study.

At the request of the Corps in December 1996, the USFWS
Engineering Office was tasked to develop conceptual design plans
and construction estimates for both upstream and downstream fish
passage at each of the lowermost four dams. The conceptual
construction estimate for fishways to pass American shad and
river herring upstream and downstream from the four dams at the
four locations was $2,205,000 as summarized below:



Preliminary Upstream/Downstream Fishway Cost Estimates

Dam (Vertical Lift) Upstream Downstream 1997 §
Main Street (20 ft) 600,000 50,000 650,000
Slater Mill (6.5 ft) 175,000 not needed 175,000
Eliz. Webbing (11.25 ft) 275,000 150,000 425,000
Valley Falls (8.75 ft) 225,000 100,000 325,000
Direct Cost Total = 1,575,000

Contingencies and Engineering & Administration = 630,000
Total Conceptual Construction Estimate = $2,205,000

The annual Operation and Maintenance Cost for each project is
estimated to be between $5,000 to $15,000.

The detailed cost and design plans submitted by the USFWS, titled
"Blackstone River Restoration Cost Estimate and Design
Information for Fishways", are provided at the end of this
section.

Phase II/Long Term Anadromous Fish Restoration Plans

Future Population Estimates Based on Potential Habitat Above Each
Dam _in Rhode Island

Potential habitat estimates in acreage for alewife and
blueblack herring above each dam in Rhode Island were determined
by RIDFW fisheries biologists through aerial photo-interpretation
and the use of a planimeter (Erkan 1994). Given the habitat
acreage, potential population sizes were predicted for alewife
and blueback herring populations (combined) on the Blackstone
River following the methodology described by Gibson (1984).

These estimates are provided in tabular format at the end of this
section. The predictions assume an unimpeded route to the
respective spawning areas (i.e. 100% fish passage above dams/fish
ladders). However, a 5-10% mortality due to energy expenditure
in fish ladder passage at each dam is considered reasonable. The
significance of habitat acreage becomes obvious when considering
the potential net population increases upstream of Valley Falls
and Manville dams as illustrated by the population estimates.

A potential population of approximately 110,000 river
herring is predicted based upon potential habitat acreage if fish
passage facilities are constructed and operated on the first four
dams (i.e. Phase I). The predicted alewife/blueback herring
population approaches 250,000 if fish passage facilities are
constructed and operated at all ten dams on the Blackstone River
in Rhode Island.

Currently the RIDFW has no method to estimate American shad
populations albeit they are attempting to develop a model using
CFS average flows on known shad runs (Erkan 1994) .



Alternatively, RIDFW may use potential adult American shad
production estimate methodology being developed by the
Connecticut Marine Fisheries Division for their plan for the
restoration of anadromous fish to the Thames River Basin (Gephard
1994) or those being used in anadromous fish restoration plans in
other New England States. For example, Maine estimated potential
shad populations in the Kennebec River based on the production of
2.3 shad per 100 square yards of water surface acreage (MEDMR
1986) . Using this approach, potential populations of
approximately 12,000 and 51,000 American shad could be produced
if fish passage facilities are constructed and operated on the
first four dams and all ten dams in Rhode Island, respectively.

Potential Impacts and Environmental Mitigation at Hydroelectric
Projects

There are presently six hydropower dams under FERC
jurisdiction on the Blackstone River including three of the first
four dams in Rhode Island.

The purpose of environmental mitigation requirements at
hydroelectric projects is to avoid or minimize the adverse
effects of development and/or operation. Adverse impacts include
but are not limited to upstream and downstream fish passage,
instream flows, and water quality (specifically, dissolved oxygen
(DO)) . Hydropower mitigation usually involves costs, such as
reduced profits to owners and/or developers and reduced energy
production.

The restoration of anadromous fish to the Blackstone River
will require facilities for upstream fish passage at dams. The
costs of upstream fish passage mitigation are relatively easy to
determine (USDOE 1991). In addition to the capital costs of
constructing the fishway (ballpark cost estimates for the first
four dams previously provided), there are operation and
maintenance costs (e.g. for clearing debris from the fish ladder
or fish lift/elevator and for electrical power to operate a fish
1ift/elevator), lost power generation resulting from flow
releases needed to operate a fish ladder or fish lift/elevator
(including attraction flows), and any monitoring and reporting
costs.

A variety of screening devices are employed to prevent fish
that are moving downstream from being drawn into turbine intakes
(USDOE 1991). The simplest downstream passage technique is the
use of spill flows similar to those used to increase DO
concentrations or provide instream flows. Fish are naturally
transported below the hydropower project in these nonpower water
releases. Techniques that incorporate more sophisticated
technology are under development, but are not widely used. For
example, light- or sound-based guidance measures are being
studied as ways to pass migrating fish downstream with a minimal
loss for power generation. '



A number of measures, some used in combination, are employed
to reduce entrainment of downstream-migrating fish in turbines.
The most common downstream fish passage device is the angled bar
rack, in which the trash rack is set at an angle to the intake
flow and the bars may be closely spaced (approximately 2 cm)
(USDOE 1991). This device is commonly used in the Northeast.
Other frequently used fish screens range from variations of
conventional trash racks (e.g., use of closely spaced bars) to
more novel designs employing cylindrical, wedge-wire intake
screens. Intake screens usually have a maximum approach velocity
requirement and a sluiceway or some other type of bypass is
employed as well.

In addition to the capital costs of constructing a
downstream fish passage facility (ballpark cost estimates for the
first four dams previously provided), costs typically include
those for cleaning closely spaced screens or maintaining
traveling screens, lost power generation resulting from flow
releases needed to operate sluiceways or other bypasses, and
monitoring and reporting.

The potential strategies to mitigate for the aforementioned
adverse environmental impacts of the lower four dams (i.e.
primarily up- and downstream fish passage) will require
additional detailed site-specific evaluation, study and design.

Ongoing Studies and Investigations

The Blackstone River Anadromous Fish Restoration Task Force,
established by RIDEM’s Division of Fish and Wildlife (RIDFW) in
early 1993, conducted periodic meetings to discuss the issues
associated with the restoration efforts through June 1994, prior
to issuance of the final Blackstone River Restoration Study in
November 1994. The primary mission of the task force is to
consolidate and coordinate the individual efforts of various
state, federal, and local organizations that are interested in
the restoration and management of fish populations in the
Blackstone River. The task force has open-ended membership and
currently includes representation from a variety of interests
including the Massachusetts Division of Fisheries and Wildlife.
Since the primary objective to achieving the restoration goal is
to remove the impediments to anadromous fish migrations by
providing upstream and downstream fish passage, future meetings
will need to involve the dam owners, especially the hydroelectric
facility operators who will ultimately be required by FERC to pay
for these facilities under the conditions imposed in their
present license and/or exemptions.

In the spring of 1993, RIDFW released approximately 3,000
adult blueback herring just below Albion Dam, between Cumberland
and Lincoln. These fish were obtained from the Charles River via
a cooperative effort with the Massachusetts Division of Marine
Fisheries and transported in a 1,000 gallon fiberglass tank
equipped with aeration devices. Juvenile blueback herring,



representing viable natural reproduction by the stocked adults,
were recovered in August 1993 above the Valley Falls Dam (Erkan
1993). A school of juvenile bluebacks were observed immediately
upstream of the Valley Falls Dam and nine were subsequently
captured using their 16-foot electrofishing boat. The captured
fish ranged in size from approximately 2 1/2 to 3 1/4 inches (60-
82 millimeters), and appeared to be in excellent condition
(health) . These efforts indicate that the river has a high
anadromous fish restoration potential.

Restore Anadromous Fish - Overall Strategy

The goal of restoring anadromous fisheries to the Blackstone
River can be achieved by either removing dams, or by providing
upstream and downstream migratory fish passage facilities at
dams, and by reintroducing migratory fishes to the river’s
historical spawning and nursery habitat areas. The feasibility
and cost-effectiveness of removing dams should be evaluated as
part of the selection of a comprehensive plan. Restoration
efforts should be conducted in a phased approach, with Phase 1
involving the establishment of fish passage at the lower four
dame in order that the target species (i.e. American shad and
river herring) be able to reach the significant Valley Falls
Pond/Marsh spawning and nursery habitat. Non-targeted fish
species (e.g. rainbow smelt, sea-run brown trout, striped bass
and sturgeon) are also expected to use these facilities. Below
the Valley Falls Dam there is only limited spawning and nursery
habitat. Future phases of the restoration efforts should also be
based upon habitat areas.

An active Strategic Anadromous Fish Restoration Plan (SAFRP)
is required by the Federal Energy Regulatory Commission (FERC)
before they will require hydropower facility owners to provide
for fish passage facilities, even if the right of the Federal
government to require these facilities is already stipulated in
the FERC license and/or exemption, as it is for the three of the
lower four dames (Phase I) under FERC jurisdiction. The purpose
of the SAFRP is to demonstrate that restoration of the anadromous
fishery resource is feasible and realistic. The states, Federal
government, or other organizations will need to find programs and
funds to implement fish passage facilities at non-FERC dams.

Both Rhode Island’s DFW and the MADFW support the goal of
restoring anadromous fish to the Blackstone River.

Specific steps to restoring anadromous fisheries were
developed during the Section 22 Study and are as presented below:

1. Form a task force to coordinate the individual efforts of
various state, federal, and local organizations interested in the
restoration of anadromous fish to the Blackstone River (see
"prior and Ongoing Programs" section of this report). The Rhode
Island DFW has taken the lead. Dam owners/hydropower operators
must be included in the task force. Involvement of the state of
Massachusetts is important to this effort and will become



critical after Phase I of the restoration effort is completed.

2. Determine potential spawning, nursery habitat and forage
areas. Some of this information has been developed for this
report for the Rhode Island segments, but should be done also for
Massachusetts segments in order to assess potential basinwide
habitat.

3. Predict future populations of shad and herring based on
estimated habitat acreage. Some of this information has been
developed for this report for the Rhode Island segments. This
should also be done for Massachusetts segments, so that the
ultimate potential populations for the river can be determined.

4. Insure that river segments have sufficient flow at all
times, particularly downstream of hydropower facilities. This
may require extensive coordination with FERC.

5. Determine if all river segments have sufficient water
quality for each life history stage of the anadromous fish.

6. Implement an active interim trap-and-truck stocking program
for shad and herring to reintroduce the fish to the habitat above
the dams. A trap-and-truck program is critical to facilitate the
documentation of spawning viability and potential production
estimates. In addition, the young fish (juveniles) will become
"imprinted" on the habitat and will return to spawn there when
fish passage is provided or dams are removed. RIDFW has
performed limited trapping and trucking in the lower reaches of
the Blackstone River. MADFW could potentially supply American
shad from the Connecticut River at Holyoke for the trap-and-truck
program.

7. Develop and implement a Blackstone River Basin Strategic
Anadromous Fish Restoration Plan (SAFRP). The approved SAFRP
should describe the task force’s goals, document habitat areas
and future populations, and document the viability of the fish as
demonstrated in the interim trap-and-truck stocking program. The
SAFRP should include an anadromous fish passage operational plan
with sequential target dates for upstream and downstream passage
for all dams based on "trigger numbers" for specific species
returning to the base of each dam or passed at dams with fish
passage facilities.

8. OCbtain tailwater depths downstream of dams under average
flow conditions. This step is necessary to perform preliminary
fish passage designs. The Corps of Engineers installed staff
gages and obtained tailwater depths at the lower four dams.

9. Perform preliminary fish passage designs. USFWS has
performed conceptual design of fish passage facilities for the
lower four dams. Preliminarily designs will need to be developed
for all targeted dams further upriver based on the SAFRP.



10. Coordinate with the appropriate State Historic Preservation
Office. This is necessary to identify their concerns,
particularly at structures registered as Historic Structures,
relative to the dam’s appearance or historical integrity as a
result of the proposed fish passage facilities/modifications.
Although the Historic Preservation Offices are likely to support
the goal of restoring historic anadromous fisheries, they are
likely to have significant concerns at the dams.

11. Petition FERC to require fish passage facilities and any
other appropriate project modifications at hydropower dams under
their jurisdiction. This step should be performed by the states,
in conjunction with the US Fish and Wildlife Service (USFWS).
Recent legislation requires FERC to give equal consideration to
both power generation and fish passage.

12. Determine the impact of the fish passage facilities on
hydropower operations and the reciprocal impact of the operation
of the turbines on fish passage. This step will require the
cooperation of USFWS and the hydropower owners.

13. Perform final fish passage design and cost estimates.
Approximate cost of Denil-type fishways, used by fish for
upstream passage, are $15,000 to $20,000 for each vertical foot
(difference between dam spillway and tailwater elevations) .
There are no rules-of-thumb for downstream fish passage costs as
they are highly site-specific. Costs will likely be
significantly impacted by any historic National Register status
or canoe/boat portage that may be included.

14. Construct fish passage facilities at the lower four dams
(Phase I).

15. Manage restored fish stocks to protect the newly-introduced
fishes until a self-sustaining population has been established.
This may include recreational or commercial harvest restrictions.

16. Establish a high level of involvement by the Massachusetts
Division of Fisheries and Wildlife (MADFW) once Phase 1 is
successfully completed. The MADFW has expressed an interest in
extensive involvement at that time (personal communication, Mark
Tisa, Ph.D., Assistant Director, Fisheries, 19 April 1994).

17. Re-introduce anadromous fish populations to stocking areas
farther upstream (per the SAFRP) in order to document the
viability of the fish in those areas.

18. Evaluate the effectiveness of the fish passage facilities to
assure the cost effectiveness of future efforts.

19. Document progress in reaching the SAFRP production goals.
An annual report should be prepared.

20. Review FERC permits to insure incorporation of fish passage



requirements in future licenses and/or exemptions.

21. Develop and implement a public support and involvement
program to insure the long-term success of the anadromous fish
restoration program.

22. Identify research needs/conduct needed studies on matters
such as the evaluation of potential shad and river herring
habitat in Massachusetts or the potential Atlantic salmon habitat
in the Blackstone River watershed. Studies and associated costs
should be identified early in the process to assure that the
studies receive funding.



BLACKSTONE RIVER ANADROMOUS FISHERIES HABITAT
ACREAGE AND POPULATION PREDICTIONS

DAM HABITAT CUMULATIVE PREDICTED' NET POPULATION
NUMBER AND ACREAGE TO HABITAT ALEWIFE/BLUEBACK INCREASE ABOVE

NAME NEXT DAM ACREAGE POPULATION SIZE EACH DAM

1) Main Street 1.18 1.18 3,719.9 3,719.9

2) Slater Mill 13.67 14.85 22,065.93 18,346.03

3) Webbing Mills 23.79 38.64 43,220.09 21,154.16

4) Valley Falls 109.08 147.72 110,946.69(139,995.21)2 67,726.60(96,775.1 2)2

5) Pratt (passable) 57.92 205.64 139,995.21 29,048.52

6) Ashton 35.28 240.92 156,478.67 16,483.46

7) Albion 39.69 280.61 177,230.20 20,751.33

8) Manville 103.65 384.26 217,265.13 40,034.93

9) Woonsocket Falls 42.92 427.18 234,055.04 16,789.91

10) Bridge Street 33.22 460.40 246,707.67 12,652.63

Population estimates adapted from Gibson, 1984. P=3311 .3(A'703), where A =total habitat acreage and P =total population size.

1-Method assumes 100 percent fish passage above dams/fish ladders.
A 5-10 percent mortality is considered reasonable.

2-The figure in parentheses is a prediction of potential population

size upstream of Valley Falls Dam and assumes fish passage through Pratt Dam.

Gibson, M. R. 1984. On the relationship between stock size and production area in anadromous
alewives. R Dept. Env. Mgmt., Div. Fish and Wildlife, Research Reference Document 84/2. 10 pp.




United States Department of the Interior

FISH AND WILDLIFE SERVICE
300 Westgate Center Drive
Hadley, Massachusetts 01035-9589

In Reply Refer To:
FWS/Region-5/BA-EN March 11, 1997

Mr. William Mullen

New England Division

U. S. Army Corps of Engineers
Planning Division

424 Trapelo Road

Waltham, Massachusetts 02254

Dear Mr. Mullen:

The purpose of this letter is to transmit to your office the enclosed cost estimates
for both upstream and downstream fish passage at each of the lowermost 4
barriers on the Blackstone River in Rhode Island that are currently being
investigated under your “General Investigation of Environmental Restoration of the
Blackstone River Watershed”. The conceptual plans for fish passage at each of
these four projects have been forwarded under separate cover. These four projects
are listed by Federal Energy Regulatory Commission (FERC) file numbers in
upstream order as follows:

NAME FERC # TYPE

Main Street (Pawtucket 2) 3689 Exemption - 7/21/81

Slater Mill No Hydro

Elizabeth Webbing Co. 3037 Order Issuing License 7/13/81
Valley Falls 3063 Order Issuing License 8/28/81

These conceptual plans were initially requested by your office in a letter dated
December 12, 1996. A cost estimate for Service engineering staff to complete the
conceptual designs was provided by letter dated Jan 2, 1997. On January 9,
1997, we received a formal notice from your office to proceed. The conceptual
construction estimate for fishways to pass American shad and river herring
upstream and downstream from the dams at the 4 locations is $2,205,000.



Mr. William Mullen Page 2

If you need any additional information on these cost estimates or the conceptual
plans for fish passage at these barriers, please contact Dick Quinn at our
Engineering Field Office in Newton Corner, MA. His telephone number is (617)
244-0837.

Sincerely,

l\’%\cent F. Gasbarro
Regional Engineer

Enclosure

cc: M. Grader, USFWS, NEFO(ES)
G. Mannesto, USFWS, RIFO(ES)
J. O’Brien, RIF&W
L. Stolte, CNEAFC



BLACKSTONE RIVER RESTORATION
COST ESTIMATE AND DESIGN INFORMATION
FOR FISHWAYS

At each of the four dams, the Service has recommended that a Denil fishway

(4’ wide, 1 on 8 slope) be constructed for upstream passage of American shad and
river herring. Under normal flow conditions, each fishway passes approximately
10 cfs (at a 30 inch depth of water passing down the fishway), and at high flows
(a 4-foot depth of water passing down fishway), it will pass about 35 cfs. These
relatively small volumes of flow are not adequate to assure fish passage up the
diverted reaches created by the three hydroprojects. Additional flow must be
passed at the dams immediately above each of the hydroprojects. The enclosed
plans specify the additional flow requirements for each of the bypass reaches of
the Blackstone River.

At each of the three hydroprojects where downstream passage facilities are
required, the Service has recommended using a standard downstream migrant
bypass facility in conjunction with a 1" clear spaced trash rack, overlay or punched
plate overlay. The overlay needs to be in place only during the downstream
migration period which is generally from late summer to early fall. The existing
trash rack configurations and site conditions at each of the three projects preclude
usage of an angled trash rack set at a 45° (horizontal) angle to the direction of
flow. For these sites, an attraction and conveyance flow of 40 to 45 cfs is
recommended to be passed down the bypass facility. In addition to applying the
overlays in the headpond for downstream fish passage, tailrace barrier (diversion)
screens are recommended at the Elizabeth Webbing and Valley Falls Hydroprojects
to exclude the upstream migrating adult alosa.

There are no detailed topographic survey data at any of the project sites within the
waterway. More detailed survey is required prior to completing final designs at
each of the sites, particularly at the Main Street Dam. At that project, there are
some very large ledge outcrops that appear to support the old 30’ wide arch bridge
portion of Main Street. In addition, a very large piece of ledge is in the river
channel below the arch section of Main Street. Conceptual plans place the
entrance channel to the fishway immediately downstream of this ledge outcrop in a
position where the ledge will provide non-overflow protection. Additionally, the
top of this ledge outcrop has to be surveyed to determine the exact course of the
upper portion of the Denil fishway. The additional survey may result in some
realignment of the fishway.



From a fish passage standpoint at the Slater Mill Dam, the preferred location for
the fishway would be on the right abutment looking downstream. The proposed
fishway would be located on left abutment for reasons of access and preservation
of the Slater Mill Historical Complex.

The Service has not been able to confirm information regarding the hydroproject at
Valley Falls Dam. The license conditions issued August 28, 1981 by the FERC for
this project do not reflect what is presently on site. That license was for two 409
kilowatt turbines located in the basement of the south mill building (now a senior
citizens housing unit). The present project has a new powerhouse with what
appears to be two horizontal bulb units located between the two housing units.
Attempts to contact the licensee and FERC have not yet produced needed
information on capacity and site conditions. As soon at this information is
received, Mr. Quinn from Service Engineering staff will forward copies to you and
discuss what impact, if any, it will have on our proposed conceptual plans.

It should be reemphasized that in the license conditions for all three hydroprojects,
there are statements or articles that require the licensee to provide the necessary
fish passage facilities at the respective project. There are likewise articles or
conditions that cover minimum flows to be passed down the diverted reach.



The estimated costs for each of the four projects are as follows:

Main Street Dam:
Upstream Fishway -
20’ lift (difference in entrance & exit channels)
Approx length of fishway walls - 270’

Downstream Fishway
standard bypass - 4’ wide
30’ punched plate overlay

10’ open flume
TOTAL

Slater Mill Dam
Upstream Fishway (no downstream fishway needed)

6.5 lift
approx length of fishway walls - 104’

TOTAL
Elizabeth Webbing Company Dam
Upstream Fishway
11.25’ lift
approx length of fishway walls - 155
Downstream Fishway
Standard bypass - 4’ wide
140’ of 30" & smooth pipe
40’ of punched plate & rack
Tailrace Screen
TOTAL
Valley Falls Dam
Upstream Fishway
8.75’ lift
approx length of fishway walls - 130’
Downstream Fishway
Standard bypass - 4’ wide
40’ of 30" & smooth pipe
30’ of punched plate
Tailrace Screen
: TOTAL

Direct Cost Total:

(1997 $)

600,000

50,000
650,000

175,000
175,000

275,000

150,000
425,000

225,000

100,000
325,000

$1,575,000



This estimate does not include any Contingencies, Engineering & Design,
Supervision & Administration, Construction Management, Permits, or any borings.
Contingencies for this project are estimated to be 15 percent. Typical E&D & S&A
are estimated to be about 25 percent for a project of this scale. At least several
borings at each site would be required, with the exception of Main Street where
several addition holes would likely be required. Each bore hole runs about $5,000.
These costs reflect 1997 conditions.

Therefore, with the Contingencies and Engineering & Administration percentages
applied, the total estimated construction cost for the 4 fishways would be
$2,205,000.

The annual Operation and Maintenance Cost for each project is estimated to be
between $5,000 to $15,000.



1.3 Contaminant Levels in Fish

Results of MADEP analysis of edible fillets of fish from the Blackstone River basin for
selected metals, PCBs, and organochlorine pesticides is summarized in Table 1.3-1 and 1.3-2.
These tables are adapted from Appendix D of the draft Blackstone River Initiative report.
Details concerning sampling methods and laboratory analysis are provided in the draft report.

Cadmium was below detection levels in all samples. Arsenic, chromium, copper, and
lead were below detection in most samples analyzed.. A sample from Waite Pond in Leicester
(WPF93-6+7) had a mercury concentration which exceeded the United States Food and Drug
Administrations' (USFDA) Action Level of 1.0 mg/kg. The average mercury concentration in
Waite Pond was 0.817 mg/kg which is well above the Massachusetts Department of Public
Health's (MDPH's) health based trigger level of 0.5 ppm. None of the fish from the Blackstone
River had mercury concentrations in exceedance of the MDPH's "trigger level.

Although chromium and lead were below method detection limits in most samples, high outliers
(>1.2 mg/kg) were reported in nine samples for chromium and three samples for lead.

PCBs analysis resulted in the detection of PCB Arochlors 1254 and 1260 in many of the
samples from the Blackstone River, however, PCBs were not present in samples from Waite
Pond. Of the thirty-one fish analyzed from the Blackstone River, five samples had Total PCB
concentrations which exceeded the USFDA's Action Level of 2.0 ppm. Four of these fish were
common carp and one was a largemouth bass. Three additional fish had total PCB
concentrations which were greater than 1 ppm. These concentrations were found in samples of

white suckers.

PCBs while absent from Waite Pond and at fairly low concentrations in Fisherville
Impoundment appear to be a problem further downstream on the Blackstone River.
Concentrations increase dramatically between Fisherville Impoundment and Riverdale
Impoundment, the next major impoundment downstream. While there is potentially a source
somewhere between these two locations, it must be noted that the dam at Fisherville
Impoundment was open and the Fisherville station was more like a stream station than a true

impoundment.

In June of 1994, the MDPH issued advisories regarding the PCB contamination. The
advisories were issued for Riverdale Pond, Rice City Pond, and the Blackstone River
Impoundment above Blackstone Gorge (Tupperware). The first part of each advisory is
consistent and reads: " 1. Children under 12, pregnant women and nursing mothers should refrain
from consuming any fish ... in order to prevent exposure of developing fetuses, nursing infants
and young children to PCBS." The second recommendation of the advisories is somewhat
variable. The Riverdale Pond advisory goes on to recommend that "2. The general public
should limit consumption of Riverdale Pond fish to two meals per month." The Rice City Pond
advisory goes on to recommend that "2. The general public should refrain from consumption of
Rice City Pond carp." and the Blackstone River Impoundment above the Blackstone Gorge
recommends that "2. The general public should refrain from consumption of Blackstone River
Impoundment above the Blackstone Gorge carp and white suckers."



Organochlorine pesticides were not detected in any samples. Pesticides analyzed for
included Aldrin, BHC, Lindane, DDD, DDE, DDT, Dieldrin, Endosulfan, Endosulfan sulfate,
Endrin, Endrin aldehyde, Heptachlor, Heptachlor epoxide, Methoxychlor, Toxaphene,
Chlordane, Hexachlorocyclopentadiene, Hexachlorobenzene, and Trifurlin



TABLE 1.3-1: Results of Metal Analysis

Sample Species Sample Metals Concentrations (mg/kg wet weight)
Code Code Type As Cd Cr Cu Hg Pb Se
Waite Pond

WPF93-1 LMB 1 0.04 bdl® 1.2 0.6 0.810 bd| 0.26

WPF93-2 LMB 1 bdl bdl bdl bdl 0.938 bdl 0.19

WPF93-3-5 LMB C 0.10 bdl 1.2 bdl 0.948 bdl 0.21

WPF93-6+7 BB+YB C bdl bdl 1.2 bdl 1.04 bdl 0.24
- WPF93-8+9 WP C “bdl bdl bdl 1.4 0.660 - bdi 0.34

WPF93-10-12 YP C bdl bdl bdl bdl 0.869 bdl 0.24

WPF93-13-17 B C bdl bdl bdl 0.6 0.457 bdl 0.28

Fisherville Pond (37.0)

BRF93-60 C I bdl bdl bdl 0.8 0.102 bdl 0.42
BRF93-61 WS I bdl bdl bdl bdl 0.178 bdl 0.22
BRF93-62-64 ws C 0.06 bdl bdl bdl 0.179 bdl 0.40
BRF93-65 . YB 1 bdl bdl bdl 0.8 0.291 2.2 0.16
BRF93-66 LMB I bdl bdl bdl bdl 0.280 bdl 0.20
BRF93-67 LMB 1 bdl bdl bdl bdl 0.302 bdl 0.11
BRF93-68+69 LMB o 0.085 bdl bdl bdl 0.179 bdl 0.14
BRF93-70-74 YP C bdl bdl 12 bdl 0.074 bdl - 0.65
BRF93-75-79 B o bdl bdl bdl bdl 0.173 bdl 0.27




Results of Metals Analysis (continued)

BRF93-100
BRF93-101-105
BRF93-106-110
BRF93-111+112
BRF93-113
BRF93-114+115
BRF93-116
BRF93-117-119

BRF93-50
BRF93.5]
BRF93.52
BRF93-53
BRF93-54-56
BRF93.-57
BRF93.58

BRF93-|
BRF93-2
BRF93-3
BRF93-4-6

YP
BB
LMB
LMB
WS
WS

WS
WS
WS
YB

LMB
LMB
LMB

ao~ao~nnan-

-——-O-—-—I—-n

O-—n—-—

Riverdale Impoundment (32.0)

bdl
bdl
0.08
bdl
bdl
bdl
bdl
0.06

Rice City Pond (28.0)

bdi
bdl
bdl
bdl
bdl
bdl
bdi
bdl

bdl
0.06
bdl
0.07
0.08
bdl
0.09

bdl
bdl
bdl
bdl
bdl
bdl

bdl .

bdl
bdl
bd!
bdl
bdi
2.8
bdl
bdl

bdl
bdl
bdl
1.4
bdl
bdl
bdi

Tupperware Impoundment (18.2)

bdl
bdl
bdl
0.06

bdl
bdl
bdl
bdl

bdl
0.6
bdl
1.2

bdl
bdl
bdl
bdl
bdl
bdl
bdl
bdl

1.0
bdl
bdl
bdl
bdl
0.8
bdl

1.0
bdl
bdl
bdl

0.081
0.156
0.070
0.081
0.155
0.149
0.058
0.059

bdl

0.042
0.094
0.118
0.086
0.160
0.077

0.068
0.479
0.487
0.316

bdl
bdl
bdl
bdl
bdl
bdl
bdl
bdl

bdl
bdl
bdl
bdl
bdl
bdl
bdl

bdl
bd!
1.8
bdl

0.38
0.29
0.60
0.11
0.30
0.28
0.15
0.46

0.45
0.46
0.31
0.36
0.42
0.23
0.20

0.35
0.16
0.15
0.12



TABLE 1.3-2: Results of PCB, Organochlorine Pesticide, and % Lipids Analysis

PCBs (mg/kg)

Station (river mile) Sample Code Species Code Sample Type- % Lipids 1254 1260

Waite Pond WPF93-1 LMB 1 0.12 <MDL <MDL
WPF93-2 LMB | 1.8 <MDL <MDL
WPF93-3-5 LMB C 0.07 <MDL <MDL
WPF93-6+7 YB,BB C 0.26 <MDL <MDL
WPF93-8+9 WP C 0.51 <MDL <MDL
WPF93-10-12 YP C 0.13 <MDL <MDL
WPF93-13-17 ‘B C 0.07 *<MDL <MDL

Fisherville Pond BRF93-60 C I 0.47 0.16 0.20

(37.0) BRF93-61 WS 1 1.3 0.38 0.33

: BRF93-62-64 WS C 0.84 0.20 0.19

BRF93-65 YB I 0.28 <MDL 0.14
BRF93-66 LMB I 0.14 <MDL 0.11
BRF93-67 LMB 1 0.32 <MDL <MDL
BRF93-68+69 LMB C 0.13 <MDL <MDL
BRF93-70-74 YP C 0.15 <MDL <MDL
BRF93-75-79 B- C 0.12 <MDL <MDL

Riverdale Impoundment BRF93-100 C 1 1.6 1.1 1.5

(32.0) BRF93-101-105 B C 0.20 <MDL <MDL
BRF93-106-110 YP C 0.21 <MDL <MDL
BRF93-111+112 BB C 0.08 <MDL 0.18
BRF93-113 LMB 1 0.40 1.4 14
BRF93-114+115 LMB C 0.27 0.39 0.48
BRF93-116 WS I 1.1 0.48 0.55
BRF93-117-119 wS C 0.70 0.44 0.50




Results of PCB, Organochlorine Pesticide, and % Lipids Analysis (continued)

PCBs_(mg/kg)
Station (river mile) Sample Code Species Code Sample Type % Lipids 1254 1260
Rice City Pond BRF93-50 C I 1.5 2.0 2.0
(28.0) BRF93-51 C | 44 23 2.1
BRF93-52 WS I 0.50 0.57 0.21
BRF93-53 WS I 0.26 0.11 0.13
BRF93-54-56 WS C 1.1 0.56 0.47
Tupperware Impoundment BRF93-1 C I 39 24 23
(18.2) BRF93-2 LMB I 0.20 <MDL 0.31
BRF93-3 LMB 1 0.13 <MDL 0.19
BRF93-4-6 LMB C 0.12 <MDL . 0.1§
BRF93.7 Cp I 0.11 <MDL <MDL
BRF93-8-11 BB C 0.60 <MDL <MDL
BRF93-12-16 B C 0.21 <MDL 0.26
BRF93-17-20 YP C 0.12 <MDL <MDL
BRF93-21-23 . WS C 0.78 0.80 1.0

'The following organochlorine pesticides were below detection in all samples analyzed: Aldrin, BHC< Lindane, DDD, DDT, DDE, Dieldrin, Endosulfan, Endosulfan
Sulfate, Endrin, Endrin aldehyde, Heptachlor, Heptachlor epoxide, Methoxychlor, Toxaphene, Chlordane, Hexachlorocyclopentadiene, Hexachlorobenzene, and Trifurlin.

L oF carp; WS: white sucker; LMB: large mouth bass; CP: chain pickerel; BB: brown bullhead; YP: yellow perch
B:-bluegill sunfish

)1 = Individual

C = Composite



1.4 Benthic Macroinvertebrates (Basin Overview)

Bottom-dwelling ("benthic") species of invertebrates are
known as "benthos" or "benthic macroinvertebrates” in an aquatic
ecosystem. Benthic macroinvertebrates are those organisms that
can be seen with the naked eye and are typically the subject of
all benthos investigations. Benthic macroinvertebrates include
organisms which inhabit the substrate surface or burrow within
sediments for food or shelter (Odum 1971). The occurrence,
density, and distribution of invertebrates is indicative of the
overall water quality of aquatic ecosystems (Plafkin et al. 1989;
APHA 1989). Furthermore, benthic macroinvertebrates function as
strong indicators of extant environmental (local) conditions as
many taxa have limited migration patterns and are excellent
indicators of existing conditions due to relatively short life
cycle of larval stages (Plafkin et al. 1989). Natural factors
may also influence the type and abundance of benthic
macroinvertebrates on a seasonal basis. Natural and/or factors
such as streamflow fluctuations, water temperature, dissolved
oxygen, anaerobic sediments, organic loading to the system, and
chemical contamination are all important in structuring benthic
communities. Macroinvertebrate communities are inherently
variable, particularly seasonally, but also on shorter (e.g.
monthly) and longer (e.g. annual) scales. 1In addition,
macroinvertebrate communities are spatially variable, often
occurring in "patches" of varying size. Consequently, the use of
macroinvertebrates as an assessment tool must be approached
cautiously, and that often the level of effort necessary (i.e.
comprehensive surveys) to obtain meaningful information that
incorporates natural and spatial variation is considerable.

Benthic macroinvertebrates feed primarily on aquatic
vegetation (e.g. periphyton, submerged aquatic vegetation) and
detritus (e.g. coarse particulate organic matter as leaf litter)
and in turn become one of the lower trophic levels of the
riparian/aquatic food chain. Benthic invertebrates are widely
recognized for the important role they play in the aquatic food
web. These creatures are eaten by larger invertebrates,
crustaceans, finfish, wading birds, amphibians, turtles, and even
some mammals. Therefore, a healthy benthos is essential to a
healthy agquatic ecosystem. Benthos are most affected by toxic
substances, water-borne sediments, and loss of microhabitat and
vegetation. Different species comprising the benthos are
affected by these factors to differing degrees. Therefore, the
benthic quality of an aquatic ecosystem is a yardstick by which
to measure/assess current water quality and habitat quality (e.g.
substrate particle size) and the success of any effort to improve
these parameters. They also influence nutrient and toxic
dynamics through bioturbation and other processes (Diaz and
Schaffner 1990).

Results of a comprehensive biomonitoring survey of the
Blackstone River and selected tributaries undertaken by the
Massachusetts Division of Water Pollution Control’s Technical



Services Branch as part of a June 1985 water quality
investigation revealed benthos that indicated some of the worst
water quality to be found in Massachusetts inland streams
(Johnson et al. 1992). However, data on benthic
macroinvertebrate populations collected in 1991 during the
comprehensive Blackstone River Initiative, compared with data
collected in 1985, showed improvements at most stations (USEPA et
al. 1991). Additional improvements in benthic macroinvertebrate
populations are expected due to continued improvements in
wastewater treatment facilities (e.g. the Upper Water Pollution
Abatement District added dechlorination of its wastewater in the
fall of 1993) and basin wide efforts to reduce non-point source

pollution.
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TABLE 2-1

Mammals Likely to Occur in the Blackstone River Basin

Common Name Scientific Name Status Wet
Insectivora
Masked Shrew Sorex cinereus c/u *k
Water Shrew Sorex palustris U *
N. Short-tailed Shrew Blarina brevicauda c
Smoky Shrew Sorex fumeus LC/U
Eastern Mole Scalopus aguaticus LC
Hairy-tailed Mole Parascalops breweri LcC
Star-nosed Mole Condylura cristata c/u *
Chiroptera
Red Bat Lasiurus borealis U/R
Hoary Bat Lasiurus cinereus R
Keen Myotis Myotis keeni c/u *
Little Brown Myotis Myotis lucifugus C b3
Silver-haired Bat Lasionycteris noctivagans U/R *
Eastern Pipistrelle Pipistrellus subflavus U/R *
Big Brown Bat Eptesicus fuscus c *
Marsupialia
Virginia Opossum Didelphis virginians c/u *
Lagomorpha
Snowshoe Hare Lepus americanus Cc *
Eastern Cottontail Sylvilagus floridanus A *
N.E. Cottontail Sylvilagus transitionalis U/R %
Rodentia
Beaver Castor canadensis C b3
Eastern Chipmunk Tamias striatus c
White-footed Mouse Peromyscus lencopus C
S. Bog Lemming Synaptomys cooperi U %
House Mouse Mus musculus A
Meadow Jumping Mouse Zapus hudsonius LC *
Muskrat Ondatra zibethica c/u *
Porcupine Erethizon dorsatum c/U
Norway Rat Rattus norvegicus Cc
Gray Squirrel Sciurus carolinensis C/A
Red Squirrel Tamiasciurus hudsonicus c/u
S. Flying Squirrel Glaucomys volans c/u
S. Red-backed Vole Clethrionomys gapperi C
Meadow Vole Microtus pennsylvanicus A
Woodland Vole Microtus pinetorum c/u
Woodchuck Marmota monax c




TABLE 2-1

Continued.
Common Name Scientific Name Status Wet

Carnivora

Long-tailed Weasel Mustela frenata c/u

Ermine Mustela erminea c/u

Fisher Martes pennanti c/u

Mink Mustela vision c/u %

River Otter Lotra canadensis U %

Striped Skunk Mephitis mephitis C

Coyote Canis latrans u/c

Red Fox Vulpes vulpes c/u

Gray Fox Urocyon cinereocargenteus c/u

Racoon Procyon lotor c *

Bobcat Felis rufus c/u
Artiodactyla

White-tailed Deer Odocoileus virginianus C

Notes:

1. : Strongly associated with wetland habitats.

2. Based on DeGraaf and Rudis (1986).

3. Legend:

g E Hx©™uouagaonp

abundant

common

uncommon
declining

rare
threatended
locally abundant
locally common



TABLE 2-2

Reptiles and Amphibians Known to Occur in the
Blackstone River Basin

Common Name Scientific Name Status Wet

Salamanders and Newts

Blue-spotted Salamander Ambystoma laterale T X

Jefferson Salamander Ambystoma jeffersonianum LC/R %

Marbled Salamander Ambystoma opacum U b 3

Spotted Salamander Ambystoma maculatum C X

Red-spotted Newt Notophthalmus v.viridescens C *

N. Dusky Salamander Desmognathus f.fuscus c/a *

Redback Salamander Plethodon cinereus A

Four-toed Salamander Hemidactylium scutatum U/R X

N. Spring Salamander Gyrinophilur piporphyriticus U/R *

N. Two-lined Salamander Eurycea bibislineata cC/A *
Frogs and Toads

Eastern American Toad Bufo a. americanus C

Fowler's Toad Bufo woodhousii fowler U/LA *

Gray Treefrog Hyla versicolor c *

Northern Spring Peeper Hyla c. crucifer c/Aa *

Bullfrog Rana cates beiano C X

Green Frog Rana clamitans melanota C *

Northern Leopard Frog Rana pipiens LC b3

Pickerel Frog Rana palustris LC *

Wood Frog Rana sylvatica c *
Turtles

Common Snapping Turtle Chelydra s. serpentina C *

Stinkpot Sternotherus odoratus c X

Wood Turtle Clemmys insculpta c/D *

Spotted Turtle Clemmys guttata U/R %

Eastern Box Turtle Terrapene c. carolina LC b3

Painted Turtle Chrysemys p. picta C/A %

Blandings Turtle Emydoidea blandingii S/LA %
Snakes

Northern Brown Snake Storeria d. dekayi C

Northern Water Snake Nerodia s. sipedon C %

Northern Redbelly Snake Storeria o. occipitomaculata LA

Eastern Garter Snake Thamnophis s. sirtalis A

Eastern Ribbon Snake Thamnophis s. sauritus c *

Northern Ringeck Snake Diadophis punctatus edwards c

Northern Black Racer Coluber c. constrictor LA

E. Smooth Green Snake Opheodrys v. vernalis C

Eastern Milk Snake Lampropeltis t. triangulum C

Notes: see Table 2-1



Breeding Birds Likely to Occur in the Blackstone River Basin.

TABLE 2-3

Common Name Scientific Name Wetland®
Green-backed Heron Butorides striatus *
Great Blue Heron Ardea herodias *
American Bittern Botaurus leutiginosus *
Canada Goose Branta canadensis *
Mallard Duck Anas platyrhynchos *
American Black Duck Anas rubripes *
Wood Duck Aix sponsa *
Pied-billed Grebe Podilymbus podiceps %
Blue-winged Teal Anas discors b 3
Virgninia Rail Rallus limicola *
Sora Rail Porzana carolina %
Killdeer Charadrius vociferus
American Woodcock Scolopax minor
Spotted Sandpiper Actitis macularia
Solitary Sandpiper Tringa solitaria
Greater Yellowlegs Tringa melanoleeica
Broad-winged Hawk Buteo platypterus
Northern Harrier Circus cyaneus *
Red-tailed Hawk Buteo jamaicensis
American Kestrel Falco sparverius
Great-horned Owl Bubo virginianus
Wild Turkey Meleagris gallopavo
Ruffed Grouse Bonasa umbellus
Ring-necked Pheasant Phasianus colchicus
Wild Turkey Meleagris gallopavo
Ruby-throated Hummingbird Archilochus colubris
Belted Kingfisher Ceryle alcyon *
Northern Flicker Colaptes auratus
Downy Woodpecker Picoides pubescens
Hairy Woodpecker Picoides villosus
Eastern Kingbird Tyrannus tyrannus
Eastern Phoebe Sayornis phoebe
Great Crested Flycatcher Myiarchus crinitus
Least Flycatcher Empidonax minimus x
Cliff Swallow Hirundo purrhonota *
Barn Swallow Hirando rustica
Tree Swallow Tachycineta bicolor *
Blue Jay Cyanocitta cristata
American Crow Corvus brachyrhynchos
Black-capped Chickadee Parus atricapillus
Red-breasted Nuthatch Sitta canadensis
White-breasted Nuthatch Sitta carolinensis
Tufted Titmouse Parus bicolor %




TABLE 2-3

Continued.

Common Name Scientific Name Wetland®
House Wren Troglodyfes aedon
Marsh Wren Cistothorus palustris X
Golden-crowned Kinglet Regulus satrapa
Grey Catbird Dumetella carolinensis X
American Robin Turdus migratorius
Eastern Bluebird Sialis sialis
Northern Mockingbird Mimus polyglottus
Hermit Thrush Catharus guttatus
Wood Thrush Hylocichla mustelina
Veery Catharus fuscescens X
European Starling Sturnus volgaris
Red-eyed Vireo Vireo olivaceus X
Black-throated Blue Warbler Dendroica caerulescens £
Black-throated Green Warbler Dendroica virens
Chestnut-sided Warbler Dendroica penylvanica *
Magnolia Warbler Dendroica magnolia
Nashville Warbler Vermivora ruficapilla
Yellow Warbler Dendroica petechia *
Ovenbird Seiurus aurocapillus
Wood Thrush Hylocichla mustelina *
Common Yellowthroat Geothlypis trichas %
American Redstart Setophaga ruticilla *
Scarlet Tanager Piranga olivacea
Indigo Bunting Passerina cyanea X
Northern Carninal Cardinalis cardinalis X
Eastern Meadowlark Sturnella magna
Red-winged Blackbird Agelaius phoeniceus *
Common Grackle Quiscalus guiscula *
Brown-headed Cowbird Molothrus ater
Northern (Baltimore) Oriole Icterus galbula
Scarlet Tanager Piranga olivacea
Rose-breasted Grosbeak Pheucticus ludovicianus
Purple Finch Carpodacus purpureus
Evening Grosbeak Coccothraustes vespertinus
American Goldfinch Carduelis tristis X
Rufous-sided Towhee Pipilo erythrophthalmus
American Tree Sparrow Spizella arborea
Chipping Sparrow Spizella passerina
Field Sparrow Spizella pusilla
House Sparrow Passer domesticus
Song Sparrow Melospiza melodia *
Swamp Sparrow Melospiza georgiana X

White-throated Sparrow
Dark-eyed Junco
Mourning Dove

Zonotrichia albicollis
Junco hyemalis
Zenaida macroura

*: Species strongly associated with wetland habitat.



Table 2-4

MADFW Waterfowl Banding Records for the Blackstone River Basin

Fisherville Pond
Species Banded
Year MALL ABDU MXB WODU AGWT BWTE VIRA SORA COMO AMCO

1967 23 12 9 2 2 1
1968 55 31 5 12 5
1969 12 4 4 3 1 1 1 S 1 1
1870 4 3 1 1 1 2 1 4
1971x 6 5 2 1 2 1 1
1972 36 4 5 8 8 1
1973 no banding due to budget constraints
1974 no banding due to budget constraints
1875x% 29 34 6 11 3 4 2 7 5
1876 64 21 S 28 9 15 3 1
1977x% 10 8 3 1 1
1878 27 3 26 4 1
1979 22 2 21 1 2
1980 36 1 14 3 2 1
1981 86 15 4 29 6
1982 area drained, no further banding done
Lackey Pond

Species Banded
Year MALL ABDU MXB WODU AGWT BWTE VIRA SORA COMO AMCO

1976 9 12 5 3 2 3
1977 20 19 15

1978 39 11 2 15

1978 21 19 1 16

1880 37 14 . 35

1981 18 1 20

1982 area drained, no banding done

1883 45 17 4 53 1

1984 6 4 6

1985 55 31 1 75 9 4 2
1986 23 7 26 1

1987 26 5 1 8 (bait trapping only)
1988x% 10 8 2 114 17

1989 13 1 1 58 5 1 1

1880 10 4 7 17 1 (low water)
1991 dam leaking, water too low to airboat

1882 dam leaking, water too low to airboat

1983 dam leaking, water too low to airboat



Rice City Pond

Year MALL
1875 28
1977 3
1978 1
1979 4
1980 1
1981
1982 54
1985 33
1984 38
1985 142
1986% 33
1987 9
1988x%
1988 7
1880 9
1891 17
1892 15
1983

ABDU
35
1

8

13

12
39

MXB

— N

WODU

Table 2-4

Continued.

Species Banded

15 4

13
35
8
41
17
113
23

73 2

32
32
8

42 7

21

78 3
14 5

1

* mechanical or equipment problems

MALL= mallard

ABDU= American black duck
mallard-black duck hybrid
wood duck

MXB =
WODU=

AGWT= American greenwinged teal

BWTE=

bluewinged teal

VIRA= Virginia rail

SORA=
- COMO=
AMCO=

sora rail
common moorhen
American coot

AGWT BWTE

18

1
4
4

N =

VIRA
1
(bait
(bait
(bait
(bait
(bait
(bait
(bait
(bait

SORA COMO AMCO

2
trapping
trapping
trapping
trapping
trapping
trapping

only)
only) -
only)
only)
only)
only)

trap & sirboat)
trap & airboat)
3 (bait & boat)

(bait trapping only)

1
2
2
2
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Rare and Protected Species Known to Occur in the

TABLE 3-1

Blackstone River Basin - Massachusetts

Common Name Scientific Name Status Wet
Invertebrates
Hessel’s Hairstreak Mitoura hesseli sc b 3
Northern Hairstreak Fixsenia favonius Ontario sc *
Mystic Valley Amphipod Crangonyx aberrans sc *
Smooth Branched Sponge Spongilla aspinosa sc >
Reptiles and Amphibians
Blue-spotted Salamander Ambystoma laterale sc *
Marbled Salamander Ambystoma opacum T *
Jefferson Salamander Ambystoma opacum scC *
Spring Salamander Gyrinophilus porphyriticus scC *
Wood Turtle Clemmys insculpta scC *
Spotted Turtle Clemmys guttata sc *
Eastern Box Turtle Terrapene c. carolina sSC
Fish
American Brook Lamprey Lampetra appendix T %
Birds
Grasshopper Sparrow Ammodramus savannarum T
Great Blue Heron Ardea herodias WL b3
Northern Harrier’ Circus cyaneus T *
Plants
Climbing Fern Lygodium palmatum sC *
Grass-leaved Ladies’ Tresses Spiranthes vernalis sSC
Great Laurel Rhododendron maximum T *
Large Whorled Pogonia Isotria vertcillata WL
Pale Green Orchis Platanthera flava var. herbiola T *
Papillose Nut-Sedge Scleria pauciflora E
Philadelphia Panic Grass Panicum philadelphicum sC *
Sclerolepis Sclerolepis uniflora E *
Slender Cottongrass Eriophorum gracile T *
Tall Nut-Sedge Scleria triglomerata E *
Threadfoot Podostemum ceratophyllum scC b3
Ranunculus micranthus T X

Tiny-Flowered Buttercup

Notes:

1.

2.

E: endangered; T: threatened; SC: special concern; WL: watch list.

Noted at Fisherville Pond on two occassions during this study.

*: wetland dependent



Commonwealth of Massachusetts

Divisionof
Fisheries &AWildlife

Wayne F. MacCallum, Director

7 April 1997

Michael Penko

U.S. Army Corps of Engineers
424 Trapelo Road

Waltham, MA 02254-9149

Re: Proposed Restoration Projects
Blackstone River Watershed
NHESP File: 97-1642

Dear Mr. Penko,

Thank you for contacting the Natural Heritage and Endangered Species Program for information regarding state-
listed rare species in the vicinity of the above referenced site. I have reviewed the site and would like to offer

the following comments.

The two sand and gravel pit areas indicated between the Providence and Worcester RR and Quaker Street in

- Upton fall just outside Estimated Habitat for the Spotted Turtle (Clemmys guttata) and Wood Turtle (Clemmys

insculpta). The Rice City Pond site is located just north of Estimated Habitat for Spotted Turtle. The Spotted
Turtle and the Wood Turtle are listed as species of Special Concern pursuant to the Massachusetts Endangered
Species Act (MGL 131A) and its implementing regulations (321 CMR 10.00). Factsheets on both species are
included for your information.

Also included is a list of species occurring within the Blackstone watershed and watershed map showing the
Blackstone watershed. The numbers to the left of the scientific name column on the list correspond to the
numbers on the watershed map.

This evaluation is based on the most recent information available in the Natural Heritage database, which is

constantly being expanded and updated through ongoing research and inventory. Should your site plans change,
or new rare species information become available, this evaluation may be reconsidered.

Please do not hesitate to call me at (508)792-7270 x.154 if you have any questions.

Sincegely, ;
A st

/._/
/ /fv/\/ﬂ/“’v v BN
v :
Andrea Arnold
Environmental Review Assistant
v
‘(}:é Natural Heritage & Endangered Species Program
” % Route 135, Westborough, MA 01581 Tel: (508) 792-7270 x 200 Fax: (508) 792-7275
S  AnAgency of the Department of Fisheries, Wildlife & Environmental Law Enforcement

http://www.state.ma.us/df wele
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03 APR 1997

Massachusetts Natural Heritage and Endangered Species Program
Division of Fisheries and Wildlife, Route 135, Westborough, MA 01581
Wetland species observed since 1980 in the Blackstone Watershed

May not include some data-sensitive species.

*

**x B|-61

*xk BL-62

*** BL-63

Scientific Name

AMBYSTOMA OPACUM
AMBYSTOMA OPACUM
AMMODRAMUS SAVANNARUM
CERTIFIED VERNAL POOL
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS INSCULPTA
GYRINOPHILUS PORPHYRITICUS
MITOURA HESSELI
RHODODENDRON MAXIMUM
TERRAPENE CAROLINA
TERRAPENE CAROLINA
TERRAPENE CAROLINA

CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS INSCULPTA
FIXSENIA FAVONIUS ONTARIO
TERRAPENE CAROLINA

AMBYSTOMA LATERALE
AMBYSTOMA LATERALE
AMBYSTOMA OPACUM

CLEMMYS GUTTATA

CLEMMYS INSCULPTA
CLEMMYS INSCULPTA
TERRAPENE CAROLINA

KEY TO DFW RANK: E = Endangered.

-WL =
KEY TO FEDERAL RANK:

Unofficial Watch List.

LE = Federally Endangered.

Common Name

MARBLED SALAMANDER
MARBLED SALAMANDER
GRASSHOPPER SPARROW

SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
WOOD TURTLE

SPRING SALAMANDER
HESSEL'S HAIRSTREAK
GREAT LAUREL
EASTERN BOX TURTLE
EASTERN BOX TURTLE
EASTERN BOX TURTLE

SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
WOOD TURTLE
NORTHERN HAIRSTREAK
EASTERN BOX TURTLE

BLUE-SPOTTED SALAMANDER
BLUE-SPOTTED SALAMANDER
MARBLED SALAMANDER
SPOTTED TURTLE

WOOD TURTLE

WOOD TURTLE

EASTERN BOX TURTLE

T = Threatened. SC = Special Concern.

LT = Federally Threatened.

DFW Fed
Rank Rank

- - -

sC
sC
sC
SC
SC
SC

SC
SC
sC

SC
SC
SC
SC
SC
SC
SC
SC

SC
SC

SC
SC
SC
sC

Last Obs.
Date

1982-07-02
1990-09-25
1993
1991-09-25
1989-08-05
1990-06-16
1991-04-13
1991-05-18
1990-09-22
1994-05-29
1990-06-12
1994-07-02
1989-05
1992-06-13
1994-06-01

1989-SPRG
1989-SPRG
1989-SPRG
1989-SPRG
1992-04
1992-04
1982-06-14
1992-06-15
1995-03-17
1996
1996-04
1988-09-24
1992-06-28
1993-08

1992-03-10
1994-06-13
1995-05-01
1991-05-03
1983-06-19
1987-06-21
1996-07-03
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Massachusetts Natural Heritage and Endangered Species Program
Division of Fisheries and Wildlife, Route 135, Westborough, MA 01581
Wetland species observed since 1980 in the Blackstone Watershed

May not include some data-sensitive species.

**x BL-64

*** B| -65

KEY TO DFW RANK: E = Endangered.

Scientific Name

AMBYSTOMA OPACUM

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS GUTTATA

CLEMMYS INSCULPTA

CRANGONYX ABERRANS

FIXSENIA FAVONIUS ONTARIO
FIXSENIA FAVONIUS ONTARIO
SCLERIA PAUCIFLORA VAR CAROLINIANA
SCLERIA TRIGLOMERATA
SCLEROLEPIS UNIFLORA

SNE ACIDIC BASIN FEN

SNE ACIDIC SEEPAGE SWAMP, INLAND
ATLANTIC WHITE CEDAR SWAMP

SNE ACIDIC SEEPAGE SWAMP, INLAND
ATLANTIC WHITE CEDAR SWAMP

SNE BASIN SWAMP, COASTAL ATLANTIC WHITE

CEDAR ASSOCIATION

SPIRANTHES VERNALIS
SPONGILLA ASPINOSA
TERRAPENE CAROLINA
TERRAPENE CAROLINA
TERRAPENE CAROLINA
TERRAPENE CAROLINA

AMBYSTOMA OPACUM

CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CERTIFIED VERNAL POOL
CLEMMYS GUTTATA

-WL = Unofficial Watch List.

KEY TO FEDERAL RANK:

Common Name

MARBLED SALAMANDER
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE
SPOTTED TURTLE

WOOD TURTLE

MYSTIC VALLEY AMPHIPOD
NORTHERN HAIRSTREAK
NORTHERN HAIRSTREAK
PAPILLOSE NUT-SEDGE
TALL NUT-SEDGE
SCLEROLEPIS
GRAMINOID FEN

GRASS-LEAVED LADIES®-TRESSES
SMOOTH BRANCHED SPONGE
EASTERN BOX TURTLE

EASTERN BOX TURTLE

EASTERN BOX TURTLE

EASTERN BOX TURTLE

MARBLED SALAMANDER

SPOTTED TURTLE

T = Threatened. SC = Special Concern.

LE = Federally Endangered. LT = Federally Threatened.

DFW Fed
Rank Rank

sC
SC
SC
sC
sC
SC

Last Obs.
Date

1986-04-26
1982
1989-06
1989-07-27
1989-08
1989-08-17
1991-06-04
1993-09-18
1994-09-18
1996-04-27
1990-06-07
1989-06-08
1987-07-05
1990-07-08
1989-08-27
1986-07-05
1981-09-24
1989

1989

1989

1989

1993-08-26
1989-09-15
1990-07-12
1993-08-18
1993-09-03
1994-06-14

1995-04-28
1995-03-27
1995-03-27
1995-03-27
1995-04-28
1995-05
1996
1992-04-30
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Scientific Name Common Name

CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS INSCULPTA WOOD TURTLE

CLEMMYS INSCULPTA WOOD TURTLE

CLEMMYS INSCULPTA WOOD TURTLE

CLEMMYS INSCULPTA WOOD TURTLE
ERIOPHORUM GRACILE SLENDER COTTONGRASS
GYRINOPHILUS PORPHYRITICUS SPRING SALAMANDER
MITOURA HESSELI HESSEL'S HAIRSTREAK
SNE ACIDIC BASIN FEN GRAMINOID FEN

SNE BASIN SWAMP, COASTAL ATLANTIC WHITE
CEDAR ASSOCIATION

TERRAPENE CAROLINA EASTERN BOX TURTLE
TERRAPENE CAROLINA EASTERN BOX TURTLE
*%% Bl -66
AMBYSTOMA JEFFERSONIANUM JEFFERSON SALAMANDER
AMBYSTOMA OPACUM MARBLED SALAMANDER
ARDEA HERODIAS GREAT BLUE HERON
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS INSCULPTA WOOD TURTLE
CLEMMYS INSCULPTA WOOD TURTLE
CLEMMYS INSCULPTA WOOD TURTLE
CLEMMYS INSCULPTA WOOD TURTLE
LYGODIUM PALMATUM CLIMBING FERN
PANICUM PHILADELPHICUM PHILADELPHIA PANIC-GRASS
SNE LEVEL BOG BOG, POOR FEN
SNE LEVEL BOG BOG, POOR FEN
TERRAPENE CAROLINA EASTERN BOX TURTLE
**% BL-67
CLEMMYS GUTTATA SPOTTED TURTLE
CLEMMYS GUTTATA SPOTTED TURTLE

KEY TO DFW RANK: E = Endangered. T = Threatened. SC = Special Concern.
-WL = Unofficial Watch List.
KEY TO FEDERAL RANK: LE = Federally Endangered. LT = Federally Threatened.

DFW Fed
Rank Rank

SC
SC
SC
sC
SC
SC
sC
T

sC
sC

SC
SC

SC

- WL
sC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC
SC

sC

sC
SC

Last Obs.
Date

1993-06
1993-06-08
1995-06-21
1992-04-30
1992-11-22
1994-10-31
1996-08-12
1988-07-21
1995-06-04
1987-06-06
1988-07-21
1988-01-

1984-08-13
1993-05-19

1983-03-18
1989-09
1986
1983-04-13
1983-11-14
1989-05
1989-06
1990-06-22
1991-05-31
1992-07-27
1993-05-01
1983-11-03
1987-06-04
1987-FALL
1992-10-06
1995-09-18
1990-08-28
1986
1986-10-29
1990-09-13

1988-04-20
1990-07-12
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Scientific Name

CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS GUTTATA
CLEMMYS INSCULPTA
CLEMMYS INSCULPTA
LAMPETRA APPENDIX
LAMPETRA APPENDIX
LYGODIUM PALMATUM
PANICUM PHILADELPHICUM
SNE ACIDIC BASIN FEN
TERRAPENE CAROLINA
TERRAPENE CAROLINA

ISOTRIA VERTICILLATA
PLATANTHERA FLAVA VAR HERBIOLA
PODOSTEMUM CERATOPHYLLUM
RANUNCULUS MICRANTHUS

123 Records Processed

KEY TO DFW RANK: E = Endangered.
-WL =
KEY TO FEDERAL RANK:

Unofficial Watch List.

Common Name

SPOTTED TURTLE

SPOTTED TURTLE

SPOTTED TURTLE

WOOD TURTLE

WOOD TURTLE

AMERICAN BROOK LAMPREY
AMERICAN BROOK LAMPREY
CLIMBING FERN
PHILADELPHIA PANIC-GRASS
GRAMINOID FEN

EASTERN BOX TURTLE
EASTERN BOX TURTLE

LARGE WHORLED POGONIA
PALE GREEN ORCHIS
THREADFOOT
TINY-FLOWERED BUTTERCUP

T = Threatened. SC = Special Concern.

LE = Federally Endangered. LT = Federally Threatened.

DFW
Rank

SC
SC
sC
SC
SC
T

T

SC
SC
sC
SC

- WL

sSC

"Fed

Rank

Last Obs.
Date

1992-07-21
1993-05-07
1995-05-16
1983

1991-07-00
1980-08-13
1980-09-07
1995-06-28
1986-09-03
1986-07-10
1990-06-28
1994-06-09

1983-06-12
1984-09-30
1984-09-30
1983-05-23



Section 4.0

Site Specific Information



4.1 Fisherville Pond

4.1.1 Vegetation

Fisherville Pond includes about 45 acres of shallow open water habitat and about 100
acres of emergent, wet meadow, scrub-shrub,and forested wetland (see Photographs 4-1 and 4-2
and Section 6.1 of Main Report). Most of the emergent and wet meadow wetland is present in
two large areas located north and south of the Blackstone River near its confluence with the
Quinsigamond River. Areas with standing water (emergent wetland) are vegetated primarily
with emergents such as woolgrass, cattail, and some pickerelweed. Purple loosestrife, reed
canary grass, Phragmites, sedges, Bidens sp., blue vervain, switchgrass, and other grasses are
predominant in relatively dry interior (wet meadow) areas. Scattered shrubs and small trees such
as black willow, heart- leaved willow, and grey birch also occur in wet meadow areas. Based on
review of aerial photographs, much of the emergent and wet meadow vegetation developed from
shallow open water habitat between 1938 and 1952.

About 9.1 acres of shallow open water/emergent habitat vegetated with cattail,
pickerelweed, and other emergents was lost as a result of the 1982 drawdown. This include
about 4.6 acres in the pool north of the dam and about 4.5 acres south of the power line (see
plans in Section 6.1.1 of Main Report). Emergent vegetation has not become reestablished after
return of normal water levels, presumably due to lack of suitable mudflat conditions to promote
seed germination and seedling growth. The two areas, were the most important waterfowl
habitat areas at Fisherville Pond prior to the drawdown.

Land around Fisherville Pond is a mix of undeveloped open land (old field), agricultural
Jand, forested and shrub-shrub riparian habitat, power line corridor, and developed residential
areas. Land east of pond and west of Providence Road is primarily undeveloped open land and
agricultural land. The undeveloped land is vegetated with successional shrubs and herbaceous
species characteristic of recently disturbed areas. Fill material (i.e. stumps and construction
debris) has been dumped in some areas. An inactive, sparsely vegetated, gravel pit is present
along the pond just south of the boat ramp. Wooded riparian habitat along the eastern side of the
pond is generally limited to a narrow band of trees and shrubs located along the shoreline.
Land west of the pond, between the power lines to the north and the Blackstone River/Canal to
the south, is undeveloped and consists primarily of scrub-shrub wetland, upland shrubland, with
some forested wetland and wet meadow. Common trees and shrub species present in riparian
areas include red, white, and pin oak, red maple, black ash, silver maple, cottonwood, American
beech, common catalpa, black, pussy, and heart-leaved willow, grey birch, buttonbush, silky
dogwood, alder, sweet pepperbush, northern arrowwood, highbush blueberry, maleberry, and
staghorn sumac.



4.1.2 Wildlife

Waterfowl resources at Fisherville Pond are discussed in Section 2.2.6 of the Main
Report. Species noted during this study include Canada goose, mallard, and black duck. Other
species noted at Fisherville during this study include northern harrier, red tailed hawk, great blue
heron, northern cardinal, red winged blackbird, sora rail, northern leopard frog, painted turtle,
muskrat, and river otter.

4.2 Lonsdale Drive-In

Paved areas at the drive-in are currently sparsely vegetated with grasses, shrubs, and
small trees, and provide very little habitat value (see Photographs 4-3 and 4-4). Vegetation is
best developed at lower area elevations near the river due to greater deposition of sediment in
these areas. A narrow riparian zone along the river and a steep embankment between the drive-
in and Route 122 is wooded.

The site is less than 1 mile upstream of the Lonsdale Marshes, a 200+ acre complex of
open water-and emergent marshes along the Blackstone River. The area is considered the most
valuable wetland wildlife habitat in northern Rhode Island and is state-designated critical habitat
for both resident and migratory birds and other wildlife. Open water and emergent habitat in the
marshes provide nesting habitat for American black duck, mallard, green winged teal (rarely) and
marsh-nesting birds such as least bittern and sora. The Lonsdale Marshes also provide important
feeding and nesting habit for migrating waterfowl and habitat for resident wetland wildlife such
- as muskrat.

4.3 Former Rockdale Pond

Removal of the Rockdale dam reestablished about one 1 mile of free flowing riverine
habitat and about 30 acres of riparian habitat located within the former impoundment. About 15
acres are severely degraded, including some areas which are largely devoid of vegetation more
than 20 years after removal of the dam (see Photographs 4-5 and 4-6). Riparian habitat in the
former impoundment is sparely vegetated with grasses, other herbaceous species, and scattered
small tress and shrubs. The most highly degraded areas have very little (<10%) vegetative cover.
Poor vegetative growth may be due to low ph (<5) low nutrient content, dry conditions, and high
concentrations of metals in the soils. ORV traffic also damages vegetation in some areas.
Embankments along the Blackstone River throughout much of the former impoundment are also
poorly vegetated and subject to erosion.



44  Singing Dam Impoundment

Borings taken by McGinn suggest that much of the original impoundment is filled in with
soft sediment. Open water is largely limited to a shallow (< 4" deep) 80 - 100 foot wide
backwater channel which extends about 2000 feet upstream of the dam (see Section 6.4 of Main
Report). The impoundment includes a large emergent marsh south of the channel and a large
island located near the head of the impoundment. The channel along the southern side of the
island is silted in and heavily vegetated. Land to the north of the impoundment is pasture or
lightly wooded upland. Development near the impoundment includes a few homes, a factory, a
state highway (Route 122A), and a power line crossing. A wastewater treatment plant operated
by the Town of Millbury is located on the Blackstone River just upstream of the impoundment.

A study by the MADEP indicated that the impoundment is one of the most severely
degraded lakes and ponds in the basin. No information is available about fisheries resources in
the impoundment. Shallow water and poor water quality, however, is likely to severely limit
development of warmwater fisheries according to MADFW fisheries biologist Lee McLaughlin
(person. commun., 1997). Toxicity testing conducted by the Blackstone River Initiative
indicated that benthic habitat quality is poor. Emergent marsh south of the channel provides
good waterfowl habitat according to MADFW state waterfowl biologist H. Heusmann (person.
commun., 1996). The imapct of sediment contamination on waterfowl has not been assessed.
The area has an excellent mix of deep water marsh and open water habitat. The island and
wooded areas along the southern side of the impoundment provide excellent riparian habitat.

4.5 Beaver Brook

Beaver Brook Park is a intensively developed recreational area with a variety of facilities
including a baseball field, outdoor skating rink, and basketball courts. The Beaver Brook conduit
passes through a grassy area along the western edge of the park. From the park downstream to
May Street, the brook passes through a wooded area adjacent to large parking lot to the east and
a residential neighborhood to the west. Land above the conduit is well vegetated with trees and
shrubs. From May Street downstream to Maywood, the conduit passes through a residential
area. Land along the conduit is vegetated with scattered trees and shrubs, forming a long linear
greenway. Common tree species present include black locust, box elder and to a lesser extent
oak, black and black cherry. Oriental knotweed and bramble are predominant in the understory.
Trees range in size up to 12". Many of the larger trees are leaning and appear unstable due to the
shallow substrate. Downstream of Maywood, the brook flows through a well vegetated, but very
narrow, riparian corridor.

No information is available about fisheries resources in Beaver Brook downstieam of
Maywood Street. Shallow water depth, lack of instream &ver, and poor water quality probably
limit development of the fishery.



4.6 Riverdale Gravel Pit

The site currently includes a 7 acre deep water pond adjacent to the Blackstone River,
about 15 acres of very poorly vegetated riparian habitat, several acres of emergent and scrub-
shrub wetland, some early successional upland shrub habitat, and a small pond. The large pond
is connected to the Blackstone during high flows by a small channel at its northern end. The site
is isolated by undeveloped forested habitat to the north and south, and a steep ridge leading to
Quaker Street to the east.

Much of the large pond near the Blackstone River is deeper than 5 ft. and emergent
vegetation is limited to a very narrow fringe along the shoreline. A berm between the pond and
river is wooded with red maple, alder, grey birch, and a tall sycamore. Riparian habitat
immediately east and northeast of the pond is very poorly vegetated with scattered grasses, herbs,
and a few shrubs (see Photograph ). Well vegetated emergent and scrub shrub wetland
interspersed with early successional wooded upland is predominant in the eastern third of the
site.

No information is available about fisheries resources in the pond. At one time a local
sportsmen’s club stocked the pond with trout for a put and take fishery. Mallards, a few Canada
geese, and great blue heron were noted on the pond during March and April site visits. The
small pond at the base of the slope provides potential nesting habitat for mallard.

4.7 Worcester Diversion

This project is located on Kettle Brook in Auburn and Millbury. It is comprised of a
concrete control dam on Kettle Brook, a diversion structure, a 4,205-foot long tunnel, and an
11,000-foot long diversion channel that flows into the Blackstone River in Auburn. Most of the
time water flows through a gate in the control dam. During high flows, the diversion structure
behind the dam is overtopped, allowing some water to flow through the tunnel and into the
diversion channel. The diversion channel has a bottom width of about 40 - 50 feet and according
to Matt Labovites of the WDPW and Lee McGlauglin of the MDFW it is generally wet year
round. Flow is apparently maintained by several small streams which flow into the channel and
base flow.

Near the mouth of the tunnel, the channel passes through a deep, well shaded rock cut.
Further downstream the channel passes through open areas with little cover.  Sideslopes are
vegetated with grasses, herbs, and small shrubs and trees. Trees and shrubs are periodically cut
to prevent potential flow obstructions. There is little shade and stream temperature during the
summer is probably high. Sideslopes are eroding in some locations. The Worcester DPW
regularly removes a large amount of sediment from lower reaches of the channel. Additional
sediment undoubtedly reaches the Blackstone River.

No information is available about fisheries resources in the channel. Large numbers of
crayfish are harvested commercially near the Route 20 crossing. Mallards commonly nest in the
channel. Upstream of Route 20, the channel abuts a large undeveloped area that provides
valuable wildlife habitat .



Photographs 4-1 and 4-2: Fisherville Pond




Photographs 4-3 and 4-4: Lonsdale Drive-In
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1.0 INTRODUCTION

The US Army Corps of Engineers (Corps) has been tasked to conduct
a General Investigation focused on environmental restoration in
the Blackstone River watershed which includes the mainstem and
all tributaries (i.e. sub-basins). The Corps guidance describes
environmental restoration projects eligible for Corps funding as
"restoration of degraded ecosystem functions and values,
including its hydrology, plant and animal communities, and/or
portions thereof, to a less degraded ecological condition. "
Accordingly, the Federal interest may be defined as fish and
wildlife habitat restoration which includes the enhancement
and/or restoration of resident and anadromous fisheries,
waterfowl, wildlife and wetland resources.

The restoration of Fisherville Pond has been selected by the
Corps as one of several prototype projects for the Blackstone
River watershed because it exhibits many of the problems
identified for the entire watershed (i.e. degraded waterfowl
habitat, contaminated sediments, degraded water quality,
inadequately-maintained dam that poses a safety concern, etc;).
Restoration of Fisherville Pond will improve waterfowl and
fisheries habitat and create a safe recreational area for
residents to boat, swim, hunt and fish.

McLaren/Hart Environmental Engineering Corp (McLaren/Hart) was
subcontracted by Battelle Ocean Sciences under contract to the
Corps to conduct a Preliminary Baseline Ecological (ERC) and
Human Health Risk Characterization (HHRC) for Fisherville Pond.
The ultimate goal of the ERC and HHRC is to provide the Corps
with an understanding of the baseline risks of the Chemicals of
Concern (COCs) historically identified in the sediments at
Fisherville Pond. The risk characterization will focus on
existing sediment and surface water chemical data, sediment
biocassay data, fish tissue data, and benthic macroinvertebrate
and fish community surveys.

Preliminary results of the fish community survey, conducted by
the Corps on October 15-16, 1996, are provided herein for
incorporation, as appropriate, into the ERC/HHRC and the
Blackstone River Reconnaissance Investigation Report. The
objectives of the Corps survey was to provide current fisheries
data to qualitatively assess the status and subsequent needs of
the existing fishery and to determine the appropriate
representative fish receptors (assessment endpoints) for the ERC
and HHRC.

2.0 MATERIALS AND METHODS

Field Collections

Adult and juvenile fishes were collected from Fisherville Pond on
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October 15-16, 1996 using four methods: gill nets, hoop net,
beach seine, and backpack electrofishing. Samples were
collected at various locations throughout the Fisherville Pond
System (i.e. Fisherville Pond, Blackstone River and Quinsigamond
River complex) .

Experimental sinking gill nets were set and picked up during the
day at various locations in order to minimize sampling mortality;
in addition, two gill nets were deployed as overnight sets. The
lead lines were tied to shore and/or anchored and lobster buoys
were attached to the floating lines. The smallest mesh panels
were deployed first at the shoreline sets. Each experimental
gill net was 125 ft in total length and consisted of five 25 ft
long x 5 £t deep variable mesh panels. Mesh sizes ranged from
0.5 inch to 2 inch.

One triple wing hoop net was set overnight on fence posts in a
shallow water area less than five feet deep and retrieved the
following day. The net was deployed with the cod end attached
upstream so that the mouth of the net faced downstream. The net
opening (i.e. first hoop) was 32 inches in diameter.

Two adjacent seine hauls were made with a 25 x 4 ft seine of 1/4
inch bar mesh at the beach at the boat ramp. A Smith-Root Type
VII backpack electrofisher was used at three shoreline vicinity
locations in the pond. Pulsed direct current (DC) was used on
the 300 output voltage with output amperage generally ranging
from 0.5 to 1 amps.

Field Analyses

All fish collected were transferred as quickly as possible to
holding buckets where they were immediately processed. All
juvenile and adult fishes were identified to species and counted.
When large numbers of fishes were collected (35/species) during a
single sample event, a minimum of 30 individuals were randomly
selected and measured for total length (nearest mm) and weighed
(nearest gram or ounce), and released alive or properly discarded
(dead). In addition, all fish were examined for the presence and
nature of external parasites and/or physical abnormalities during
the field analyses.

3.0 RESULTS AND DISCUSSION

A total of 161 fishes representing 6 families and 7 species were
collected by gill netting, hoop netting, seining, and backpack
electrofishing from Fisherville Pond during the October 15-16,
1996 fall survey (Tables 1 and 2). A summer gill netting survey
conducted by the Massachusetts Division of Fisheries & Wildlife
(MADFW 1992) on August 18-19, 1992 yielded a total of 356 fishes
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representing 8 families and 13 species (Tables 1 and 3). The
increase in abundance and species diversity may be due to the
more intensive gill netting efforts and/or differences in field
collection methods, and/or may also reflect seasonal
considerations (i.e. summer versus fall sampling) .

The families Cyprinidae (carp and minnows), Catostomidae
(suckers), Ictaluridae (bullhead and catfishes), Esocidae (pikes
and pickerels), Centrachidae (sunfishes and basses) and Percidae
(perches) were represented both years while representatives from
Salmonidae (trout and salmon) and Percicthyidae (true basses)
were only collected during 1992. The family Centrachidae was
represented by four species (pumpkinseed, bluegill, largemouth
bass and black crappie) while the families Cyprinidae ( carp and
golden shiner) and Salmonidae (rainbow and brook trout) were
represented by two species.

The fish community of Fisherville Pond, dominated by warm water
species, is similar to that reported for other impoundments and
ponds within the Blackstone River watershed. Two of the species,
rainbow trout and brook trout, are coldwater species. The two
individuals collected during 1992 were considered stocked
holdovers from the Quinsigamond River (Table 1). The top six
species (based on abundance), representing over 94% of the total
(517 individuals), were (in rank order) white sucker (47.2%),
bluegill (18.4%), golden shiner (11.4%), yellow perch (8.7%),
largemouth bass (4.6%), and carp (3.9%) (Table 4).

Many of the species collected are considered to be valuable as
food or sport fishes. These species, which are preceded by an
asterisk in Table 4, comprised 34.8% of the total catch.

Observations concerning the presence and nature of external
parasitism and/or physical abnormalities during the field
analyses were noted during the 1996 survey. The incidence of
conspicuous external parasites and/or abnormalities were noted on
the field forms. The most common form of parasitism observed was
blackspot, a trematode that encysts in the integument. This form
of parasitism is common and is not considered lethal to fishes.

4.0 CONCLUSIONS AND RECOMMENDATIONS

Fisherville Pond supports a moderately diverse and abundant warm
water fish community based on the results of the two limited
fishery surveys conducted in 1992 and 1996. The dominance of the
fish population by more pollution tolerant species (white sucker,
golden shiner and carp) indicates that the Fisherville Pond
System (i.e. Fisherville Pond, Blackstone River and °Quinsigamond
River complex) is somewhat degraded by a combination of water and
sediment quality and less than stable pool height. However, the
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presence in good numbers of less pollution tolerant species
(largemouth bass, yellow perch, and bluegill) demonstrates
potential for the development of a more balanced fish community.

Since moderate numbers of fish were collected in Fisherville
Pond, it is evident that the existing surface water and sediment
quality do not cause significant acute effects to fish that are
readily observable (e.g. fish kills). Apparently, the
contaminant concentrations in the water and sediment have not
adversely impacted reproduction and recruitment of fish, since
juveniles (young-of-the-year) as well as adults of two species
(i.e. bluegill, largemouth bass) were collected during the fall
1996 survey, albeit the potential significance of any adverse
impacts to any of the species present can not be determined by
existing data.

Based upon a review of the limited survey data and analyses, it
is apparent that we do not know enough about the fish population
of the Fisherville Pond System to predict effects of existing
water and sediment quality and water level management to the fish
community. Accordingly, the Central District Aquatic Biologist
recommended (in their review comment letter provided as Appendix
C) that the Massachusetts Division of Fisheries & Wildlife, with
Corps assistance, design and conduct a more intensive survey and
analysis of selected species and a survey of the Blackstone and
Quinsigamond Rivers immediately above the Fisherville Pond
impoundment during the late summer or early fall time period.

An appropriate representative fish receptor (assessment endpoint)
for the Environmental Risk Characterization (ERC) is the bluegill
or largemouth bass. However, selection of a bottom feeding fish
(e.g. white sucker) must also be considered due to the presence
of contaminated sediments. The bluegill and largemouth bass are
also appropriate fish species for the human fish consumption
pathway in the Human Health Risk Characterization (HHRC) albeit
the availability of existing fish contaminant tissue data is an
overriding factor for final selection.

5.0 REFERENCES

Massachusetts Division of Fisheries and Wildlife (MADFW). 1992.
Gill Net Survey of Fisherville Pond, Grafton, Massachusetts,
August 18-19, 1992. Prepared by Charles L. McLaughlin, District
Aquatic Biologist, MADFW, Central Wildlife District.



TABLE 1

Species Inventory of Fish Collected in Fisherville Pond,
Blackstone and Quinsigamond Rivers, Grafton, Massachusetts
August 18-19, 1992(1) and October 15-16, 1996

Family Scientific Name Common Name 1992 1996
Cyprinidae Cyprinus carpio Common carp X
Notemigonus crysoleucas Golden shiner X X
Catostomidae Catostomus commersoni White sucker X X
Ictaluridae Ameiurus natalis Yellow bullhead X X
Esocidae Esox niger Chain pickerel X X
Salmonidae Oncorhynchus mykiss Rainbow trout X(2)
Salvelinus fontinalis Brook trout X(2)
Percicthyidae Morone americana White perch X
Centrachidae Lepomis gibbosus Pumpkinseed X
Lepomis macrochirus . Bluegill X X
Micropterus salmoides Largemouth bass X X
Pomoxis nigromaculatus Black crappie X
Percidae Perca flavescens Yellow perch X X
NOTES:

(1) August 18-19, 1992 fishery survey conducted, using five gill
nets set overnight for 18 hours, by Charles L. McLaughlin,
Central District Aquatic Biologist, Massachusetts Division of
Fisheries & Wildlife (MADFW 1992).

(2) Stocked holdovers from the Quinsigamond River, personal
communication, Charles L. McLaughlin, Central District Aquatic
Biologist, Massachusetts Division of Fisheries & Wildlife.



TABLE 2

Total Abundance and Percent Composition of Combined Fishery
Collections, Fisherville Pond, Blackstone and Quinsigamond
Rivers, Grafton, Massachusetts, October 15-16, 1996

Fishery Gear Types
Species GN1 GN2 GN3 GN4 GN5 HN1 BS1 BP1 BP2 BP3 Total Percent

BG 4 43 5 23 18 93 57.8
CP 2 2 1.2
GS 4 4 2.5
LMB 2 4 3 9 5.6
WS 13 4 6 7 1 3 34 21.1
YB 1 1 0.6
YP 15 1 2 18 11.2
Totals 13 19 18 11 1 3 47 5 26 18 161 100.0
Species Codes: BG = Bluegill
CP = Chain pickerel
GS = Golden shiner
LMB = Largemouth bass
WS = White sucker
YB = Yellow bullhead
YP = Yellow perch
Gear Codes: GN = Gill Net
HN = Hoop Net
BS = Beach Seine
BP = Backpack Electrofish



TABLE 3

Comparison of Total Abundance, Percent Composition, and
Total Lengths of October 15-16, 1996 and August 18-19, 1992
Fishery Collections, Fisherville Pond, Blackstone and
Quinsigamond Rivers, Grafton, Massachusetts

1996 (1) 1992 (2)

TL in mm TL in mm
Species No. % Mean (Range) No. % Mean (Range)
Bluegill 93 57.8 46 ( 23-186) 2 0.6 ---(150-199)
White sucker 34 21.1 343(233-428) 210 60.0 ---(200-459)
Yellow perch 18 11.2 200(153-220) 27 7.6 ---(170-249)
Largemouth bass 9 5.6 124( 57-312) 15 4.2 ---(180-379)
Golden shiner 4 2.5 200(143-242) 55 15.4 ---(160-249)
Chain pickerel 2 1.2 251(197-305) 2 0.6 ---(390-439)
Yellow bullhead 1 0.6 190 13 3.6 ---(180-279)
Carp 20 5.6 ---(140-579)
Black crappie 5 1.4 ---(190-229)
White perch 3 0.8 ---(210-269)
Pumpkinseed N 2 0.6 ---(140-159)
Brook trout 1 0.3 ---(300-309)
Rainbow trout 1 0.3 ---(340-349)
Totals 161 356
NOTES :

(1) All fish collected were measured for total length to the
nearest millimeter (mm); see Appendix A for individual lengths.

(2) Mean total length (TL) not available since all fish
collected were categorized into length-frequency intervals of ten
millimeters, e.g. 100-109mm, 110-119mm, etc; see Appendix B for
length-frequencies.



TABLE 4

Total Abundance and Percent Composition of the Combined
Fishery Collections, Fisherville Pond, Blackstone and
Quinsigamond Rivers, Grafton, Massachusetts
August 18-19, 1992 and October 15-16, 1996

Species Number Percent
White sqcker 244 47.2
* Bluegill 95 18.4
Golden shiner 59 11.4
*Yellow perch 45 8.7
*Largemouth bass 24 4.6
Carp 20 3.9
Yellow bullhead 14 2.7
*Black crappie 5 1.0
*Chain pickerel 4 0.8
*White perch 3 0.6
*Pumpkinseed 2 0.4
*Brook trout 1 0.2
*Rainbow trout 1 0.2
Totals 517 100

NOTES:

* Important as food or sport fish



COMMONWEALTH OF MASSACHUSETTS

ﬂ» DIVISION OF
” FISHERIES & WILDLIFE

Chris Thurlow, Manager

March 7, 1997

Mr. Bob Davis

U S Ammy Corps of Engineers

New England Div, Environmental Resource Br.
424 Trapelo Rd.

Waltham MA 02254-9149

Dear Bob:

Thank you for forwarding the survey data from Fisherville Pond. A cursory review of the
data certainly indicates that we do not know enough about the fish population of the Fisherville
Pond, Quinsigamond River and Blackstone River complex to predict effects of water level
management.

The dominance of the fish population by more tolerant species ( white sucker, golden
shiner and carp) indicates that the Fisherville System is somewhat degraded by a combination of
water quality and less than stable pool height. However the presence in good numbers of less
tolerant species ( largemouth bass, yellow perch, bluegills ) shows potential for the development
of a more balanced community.

I suggest that Fish & Wildlife with your assistance if available,conduct a more intensive
analysis of selected species and a survey of the Blackstone and Quinsigamond Rivers immediately
above the Fisherville impoundment. Hopefully our Westboro staff can assist with survey design
and equipment.

Late summer or early fall would probably be the ideal survey period. Please let ne know
your thoughts.

Sincerely, ,:
WA
foeoilwr M
Charles L. Mc:Laughlin
cc: Todd Richards, Westboro

Central Wildlife District
Temple Street, West Boylston, Massachusetts 01583

. 508-835-3607 Voice 508-792-7420 Fax Email CThurlow@STATE.MA.US
An Agency of the Department of Fisheries, Wildlife & Environmenta! Law Enforcement
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1.0 INTRODUCTION

Benthic macroinvertebrates include organisms which inhabit the substrate surface or burrow within
sediments for food or shelter (Odum, 1971). The occurrence, density, and distribution of
invertebrates has been suggested as indicative of the overall water quality of aquatic ecosystems
(Plafkin et al., 1989; APHA, 1989). Furthermore, benthic macroinvertebrates function as strong
indicators of extant environmental (local) conditions as many taxa have limited migration patterns and
are excellent indicators of existing conditions due to the relatively short life cycle of larval stages
(Platkin et al,, 1989). Natural factors may also influence the type and abundance of benthic
macroinvertebrate species in that season. Natural factors such as water temperature, dissolved
oxygen, anaerobic sediments, organic loading to the system, and chemical contamination are all
important in structuring benthic communities.

The following report evaluates the existing benthic macroinvertebrate community inhabiting
Fisherville Pond. The report consists of the following sections: 1) laboratory methods used for the
identification, enumeration, and evaluation of the benthic macroinvertebrates; 2) results of the
sediment and benthic community characterization; 3) an assessment of the functional attributes of
each major benthic taxa; 4) summary and conclusions; and 5) recommendations.

2.0 LABORATORY METHODS

Organisms were removed from the sample containers, rinsed throughly with water, and spread out
in white enamel trays with shallow water and backlighting. The samples were sorted by eye; infaunal
organisms were removed from the mineral or plant material residue, and placed into 40 ml amber
glass vials for identification. After sorting all of the samples, the organisms were identified to lowest
practical identification level (LPIL) using dissecting and compound microscopes to facilitate
observing key taxonomic features. All taxa identification and counts were recorded on handwritten
data sheets (Appendix A) and subsequently transferred to an electronic spreadsheet format
preliminary to data analysis. Summary statistics were limited to reporting the relative abundance (as
percent) of taxa for all of the sampled locations. For quality assurance an quality control (QA/QC)
purposes, one of the five samples was randomly selected and resorted to evaluate sorting efficiency.
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2.1 SOURCES OF INFORMATION

Several references were used to identify organisms and describe the life history of major taxa
observed in the samples. The following is a list of reference materials and invertebrate identification
keys used to complete this section of the report:

. Klemm, D.J, P.A. Lewis, F. Fulk, and JM. Lazorchak. 1990. Macroinvertebrate field and
laboratory methods for evaluating the biological integrity of surface waters. Environmental
Monitoring Systems Laboratory, Office of Research and Development USEPA, Cincinnati
Ohio. EPA/600/4-90/030. 256p.

. MADEP. 1996. Benthic macroinvertebrate master taxa and tolerance list. Office of
Watershed Management. North Grafton, MA.

. Merritt, R W. and K. W. Cummins. 1984. An introduction to the aquatic insects of North
America. Kendall/Hunt Publishing Co., Dubuque, Iowa. 722p.

. Needham, J.G. and P.R. Needham. 1978. A guide to the study of freshwater biology.
Holden -Day, Inc., San Francisco. 108p.

Peckarsky, B.L., P.R. Fraissinet, M.A. Penton, and D.J. Conklin Jr. 1990. Freshwater
macroinvertebrates of northeastern North America. 442p.

. Pennak, RW. 1978. Freshwater invertebrates of the United States. John Wiley and Sons,
New York, NY. 803p.

. Rosenberg, DM. and V.H. Resh. 1993. Freshwater biomonitoring and benthic
macroinvertebrates. Chapman and Hall, Inc,, New York, NY. 488p.

. Smith, D.G. 1991. Keys to the freshwater macroinvertebrates of Massachusetts. University
of Massachusetts Department of Zoology, Amherst, Massachusetts. 236p.
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3.0 RESULTS
3.1  SEDIMENT CHARACTERIZATION

Sediments at each Station were consistently dominated by aquatic and terrestrial vegetation, with
virtually no representation of silt or clay-like fractions. For example, Stations 96-01, 96-02, 96-04,
and 96-05 were each consistently comprised of approximately 70% organic fines, and 30% vegetative
stalks and rhizomes from aquatic vegetation. Contrary to these findings, Station 96-03 had
principally larger, leafy vegetation with some twigs (95%), and a very small fraction of organic fines
(s 5%). Although different from other stations with regards to observed vegetation, the benthic
community assemblage at Station 96-03 did not appear to be different from that observed at other
locations. All Stations had little or no sand/silt/clay fractions, and there were no signs of streaking,
staining, or odor associated with the sediments.

3.2 BENTHIC COMMUNITY CHARACTERIZATION .

Table 1 is a list of the benthic taxa observed at each Station sampled in Fisherville Pond. The
majority of invertebrate taxa observed are common to northeastern freshwater systems; particularly
low-flowing or lentic systems like ponds and/or lake shallows that receive a relatively large amount
of natural organic loading. Most of the stations were dominated (in decreasing order) by aquatic
earthworms (Annelida), chironomid midges and damselflies (Insecta), snails (Mollusca), and
amphipods (Crustacea). The Order Insecta were represented by the most taxa, whereas the Order
Annelida had the highest number of organisms.

Taxa Abundance and Distribution
Actual counts sampled from a petite ponar (with a surface area of 0.023m?) were adjusted to square

meter estimates of invertebrate abundance (Table 2). The results indicate that aquatic earthworms
were the most abundant organisms, ranging from 43 - 2,913 individuals/m®. Oligochaetes account



TABLE 1

OBSERVED BENTHIC MACROINVERTEBRATE TAXA
FISHERVILLE POND, GRAFTON, MASSACHUSETTS

Station

Taxa

96-01

96-02

96-03

96-04

96-05

Annelida

Oligochaeta

Naidae

Nais communis

67

48

Hirudinea

Ermpobdellidae

Erpobdella punctata

Mollusca

Gastropoda

Planorbidae

Helisoma sp.

Pelecypoda

Sphaeriidae

Pisidium sp.

Crustacea

Amphipoda

Talitridae

Hyalella azteca

Insecta

Emphemeroptera

Caenidae

Caenis sp.

QOdonata

Zygoptera

Coenagrionidae

Amphiagrion sp.

Diptera

Chironomidae

Chironominae

Chironomus sp.

Cryptochironomus sp.

Tanypodinae

Procladius sp.

Heleidae

Stilobezzia sp.

Coleoptera

Haliplidae

Haliplus sp.

Number of Taxa:




TABLE 2

BENTHIC MACROINVERTEBRATE ABUNDANCE (ACTUAL AND SQUARE METER COUNTS)
FISHERVILLE POND, GRAFTON, MASSACHUSETTS

Stations

96-01 96-02 96-03 96-04 96-05

Major Taxa Count Count Count Count Count
Actual Sq.M | Actual Sq.M | Actual Sq.M | Actual Sq.M | Actual Sq.M

Annelida 67 2,913 7 304 49 2,130 2 87 1 43
Mollusca 1 43 3 130 0 0 0 0 1 43
Crustacea 0 0 0 0 0 0 0 0 2 87
Insecta 7 304 6 261 5 217 2 87 10 435
Total 75 3,261 16 696 54 2,348 4 174 14 609
TABLE 3

RELATIVE ABUNDANCE (%) OF BENTHIC MACROINVERTEBRATES WITHIN STATIONS

FISHERVILLE POND, GRAFTON, MASSACHUSETTS

Stations
Major Taxa 96-01 96-02 9603 96-04 96-05
Annelida 89.3% 43.8% 90.7%  50.0% 7.1%
Mollusca 1.3% 18.8% 0.0% 0.0% 7.1%
Crustacea 0.0% 0.0% 0.0% 00% 14.3%
Insecta 9.3% 37.5% 9.3% 50.0% 71.4%
Total 100% 100% 100% 100% 100%
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for over 75% of the total number of organisms identified. Crustacea were the least represented
group, with an estimated 87 individuals/m?.

With regards to the relative abundance of taxa within Stations (Table 3), annelids were the most
representative taxa in Stations 96-01, 96-02, 96-03, and 96-04. In contrast, Station 96-05 was
primarily represented by insects, particularly dipterans. Stations 96-01 and 96-03 were most similar
to each other in terms of overall abundance and distribution of major (Order) taxa, whereas few taxa
characterized the remaining stations and the dominance of a single group was not as apparent.

As illustrated in Table 4, taxa were patchy in distribution among the Stations. Almost all of the
annelids observed in the samples were located at Stations 96-01 and 96-03 (total; 92%). Molluscs
were found at higher abundance at Station 96-03 (60%), but it should be noted that the abundance
of these organisms was limited to only a few individuals, and the relative percent calculated on such
numbers could be misleading with so few representatives. Similarly, crustaceans (2 amphipods) were
only observed at Station 96-05. Insects were perhaps the most evenly distributed taxa among the
Stations with no clear preference for any particular location. The results of the survey indicate that
densities are somewhat lower than might be expected in similar unimpacted systems, however, sample
variability makes firm conclusions difficult. The overall results indicate that the macroinvertebrate
community is, as are most benthic assemblages, patchy in regards to the distribution of organisms
within and between stations.

Taxa Richness

Taxa richness was calculated simply as the total number of individual taxa observed at each
station. As shown in Table 1, the results indicate that taxa richness ranged between 3 - 8 taxa per
station. Station 95-05 had the most taxa (n = 8); whereas Stations 96-03 and 96-04 had the
lowest number of taxa (n = 3). The Diptera (e.g. Chironomus sp., Cryptochironomus sp.,
Procladius sp., and Sitobezzia sp.) were the most common taxa observed in the samples.



TABLE 4
RELATIVE ABUNDANCE OF BENTHIC MACROINVERTEBRATES WITHIN TAXA

FISHERVILLE POND, GRAFTON, MASSACHUSETTS

Major Taxa

Station Annelida Mollusca Crustacea Insecta

96-01 53% 20% 0% 23%
96-02 6% 60% 0% 20%
96-03 39% 0% 0% 17%
96-04 2% 0% 0% 7%
96-05 1% 20% 100% 33%
Total 100% 100% 100% 100%




Qualitative Assessment of the Benthic Macroinvertebrate
Community of Fisherville Pond
April 1997

3.3 QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC)

To comply with Quality Assurance and Quality Control (QA/QC) procedures, one benthic sample
was chosen at random for re-evaluating sorting efficiency. Station 96-03 was selected, and re-sorted.
Two oligochaete “fragments” were removed from the sample. No other invertebrates were identified
in the sample. For QA/QC purposes, both fragments were conservatively assumed to represent one
individual. That given, the number of individuals identified in the re-sorted sample represented less
than four percent (2 organisms reson / 54 OTganisms .. ); an acceptable range of error for sorting
procedures used in evaluating benthic communities.

40  FUNCTIONAL ATTRIBUTES OF MAJOR BEN THIC TAXA

Oftentimes, the functional attributes (ie. life history, etc.) of benthic taxa will reveal additional
information for evaluating the composition of benthic taxa through identification of preferred habitat
and trophic level. Furthermore, many of these organisms have been evaluated based on their
sensitivity to anthropogenic wastes, and a comparison of taxa using this evidence can add additional
information in regards to possible stressors in the ecosystem. By examining the taxa through these
approaches, it is sometimes possible to make inferences about the general “health” of the overall
ecosystem. To accomplish this, the functional attributes of some of the major taxa are briefly
described in the following sections.

4.1 ANNELIDA
Oligochaeta

The aquatic representatives of the Class Oligochaeta are morphometrically and functionally similar
to their terrestrial counterparts. Aquatic earthworms are small, elongate and cylindrical in shape, and
like terrestrial earthworms, utilize aquatic sediments for food and shelter. Most species are deposit
feeders, detritivores, algivores, carnivores, or even parasites (Pecharsky et al., 1990). Oligochaetes
are hermaphroditic and cross-fertilization usually takes place between two individuals (Pennak, 1978).
Taxonomic delineation within these organisms is difficult, often requiring tissue sectioning for some
genus-species level identification. The most frequently occurring representatives of this class occur
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in the Naididae, Tubificidae and Enchytraeidae (Pennak, 1978). These organisms may represent an
abundant food source for many species of small fish, and larger macroinvertebrates.

Hirudinea

The leeches are commonly known as "bloodsuckers" but in fact many representatives of this class are
predators and scavengers, and only a few species take blood from warm-blooded animals. The
leeches are typically dorsoventrally flattened, and can be characterized by the oral sucker at the
anterior end which may be small or large depending on species. All leeches are mobile, and can move
about on substrate by creeping or crawling movements. The Hirudinae and Erpobdellidae are
excellent swimmers but the Glossiphonidae are not.

Leeches are typically found in shallow, warm, protected areas where there is little wave action, and
plants, stones, and debris are adequately present to provide concealment as well as substrate for
attachment. For the most part, leeches are nocturnal, and can be found under substrates during the
day. Most species of leeches attach to the substrate and undulate the body as a way of facilitating
respiration, but little is known about the ability of leeches to tolerate low dissolved oxygen levels.

Leeches may persist in intermittent ponds because some species are able to burrow into the mud to

tide over dry periods. If the water level of a lake or pond is dropped considerably during the fall, cold
temperatures of -6 C or less have been shown to kill estivating leeches in the mud.

4.2  Mollusca

Gastropoda

The great majority of species of Gastropods occur in shallows of lakes, ponds, and rivers. Shallow
areas are typically more abundant in food and this may be one reason why this is a preferred habitat

by these organisms.

Most of the freshwater snails are uncommon in lakes and streams whose surface waters are more
acidic than about 6.0. Dissolved oxygen is also impcrtant in the distribution of these snails which
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appear to require high concentrations. Generally, most gastropods are not active at freezing point
water temperatures and where these conditions exist (such as in perennial lakes and streams)
relatively few individuals exist.

Pelecypoda

Pelecypods, which include the freshwater bivalve clams and mussels, are all strictly aquatic.
Representatives of this Order are most abundant in large rivers, however they can also occur in
smaller, unpolluted habitats, including lakes. Bivalves usually occur in the shallows, especially less
than 2m deep. The occurrence of mussels in large numbers where current is sufficient has been
attributed to abundant food supply, oxygen, water quality, sufficient substrate, or a combination of
these factors. Most species favor stable substrates like gravel and sand, or a mixture of these two.

The Sphaeriidae are one group of bivalves which are less specific in their requirements for suitable
substrate and can be found on most any surface with the possible exception of rock and clay. This
group is also more tolerant of unfavorable conditions. Sphaeriid bivalves can tolerate a pH as low
as 6.0 and a CO2 content of 2.0 mg/liter. Perhaps one of the most common species in freshwater
lentic systems, Sphaeridae bivalves are able to enhance their survival by burrowing into the substrate
to overwinter or escape drought.

4.3 CRUSTACEA

Crustaceans include some of the more common decapods such as crabs, shrimp, lobsters, and
crayfish. But in addition, this phylum includes many species of smaller organisms of which amphipods
are one of the most well represented taxa. Most amphipods are found in the marine environment,
however there are about 800 species of freshwater amphipods worldwide. The majority of these
species can be found in unpolluted lakes, ponds, streams, and are usually associated with substrate.
Most amphipo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>