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Abstract

The relations among stream habitat, fish
communities, and hydrologic conditions were
investigated in the Ipswich River Basin in north-
eastern Massachusetts. Data were assessed from
27 sites on the mainstem of the Ipswich River
from July to September 1998 and from 10 sites on
5 major tributaries in July and August 1999. Habi-
tat assessments made in 1998 determined that in a
year with sustained streamflow for most of the
summer, the Ipswich River contains diverse, high-
quality aquatic habitat. Channel types are predom-
inantly low gradient glides, pools, and impound-
ments, with a sandy streambed and a forest or
shrub riparian zone. Features that provide fish hab-
itat are located mostly aong stream margins; these
features include overhanging brush, undercut
banks, exposed roots, and woody debris. These
habitat features decrease in availability to aquatic
communities with declining streamflows and gen-
erally become unavailable after streamflows drop
to the point where the edge of water recedes from
the stream banks.

The mainstem and tributaries were sampled
to determine fish species composition, relative
abundance, and length frequency. Fish sampling
indicates that the fish community in the Ipswich
River is currently awarm-water fish community
dominated by pond-type fish. However, historical
temperature data, and survival of stocked trout in
the mainstem Ipswich into late summer of 1998,

indicate that the I pswich River potentially could
support cold-water fish speciesif adequate flows
are maintained. Dominant fish species sampled in
the mainstem Ipswich River were redfin pickerel
(Esox americanus), American eel (Anguillaros-
trata), and pumpkinseed (Lepomis gibbosus),
which together represented 41, 22, and 10 percent,
respectively, of 4,745 fish sampled. The fish com-
munities of the mainstem and tributaries contained
few fluvial-dependent or fluvial-specialist species
(requiring flow), and were dominated by macro-
habitat generalists (tolerant of low-flow, warm-
water, and ponded conditions). In comparison to a
nearby river (Lamprey River, N.H.), and arefer-
ence fish community developed for inland New
England streams, the Ipswich fish community
would be expected to have appreciably higher per-
centages of fluvial-dependent and fluvial -specialist
species were streamflows restored.

Four riffle sites on the mainstem of the
Ipswich River were identified as critical habitat
areas because they are among the first sites to
exhibit fish-passage problems or to dry during low
flows. A watershed-scal e precipitation-runoff
model previously developed for the Ipswich River
was used to simulate streamflows at these four
sitesfor the period 1961-95 under no withdrawals
(for water supply) and 1991 land use to evaluate
habitat suitability under conditions that approxi-
mate the natural flow conditions. These simulated
flows were used to calcul ate streamflow
reguirements by the Tennant and New England
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Aquatic-Base-Flow methods. Stream channels
were surveyed at the critical riffle sites, and Water
Surface Profile models were used to simulate
streamflows and hydraulic characteristics needed
for determining streamflow requirements by use of
the Wetted-Perimeter and R2Cross methods. Nor-
malized by drainage areato units of cubic feet per
second per square mile, these methods yielded the
following streamflow requirements: 0.50 cubic
feet per second per square mile for the Tennant 30-
percent Qua method, 0.42 cubic feet per second
per square mile for the wetted-perimeter value
necessary to maintain wetted perimeter at three
atered riffle sites, 0.42 cubic feet per second per
sguare mile for the R2Cross value required to
maintain R2Cross hydraulic criteria at a natural
riffle site, and 0.34 cubic feet per second per
square mile for the aquati c-base-flow median of
monthly mean flows for August for the smulated
196195 period under no withdrawals and 1991
land use. The mean streamflow requirement deter-
mined from these four methods is 0.42 cubic feet
per second per square mile. This flow would repre-
sent an average flow-exceedence value for the six
study sites of about 77 percent under simulated
flows with no withdrawals. For these flows, the
70-, 80-, and 90-percent exceedence flows aver-
aged 0.59, 0.37, and 0.21 cubic feet per second per
sgquare mile, respectively, and the 7-day, 10-year
low flow statistic at the two gaged sites averaged
0.08 cubic feet per second per square mile. Simu-
lated flows under no withdrawals were used to
determine monthly mean flows and other flow sta-
tistics used in the Range of Variability Approach to
define aflow regime that mimicstheriver's natural
flow regime.

INTRODUCTION

The Ipswich River Basin is a heavily used
surface- and ground-water resource in northeastern
Massachusetts. As aresult of withdrawals for public
water supply, streamflows in the upper third of the
basin frequently become very low or cease during the
summer. Although the use of awatershed-simulation

model has provided information about effects of these
withdrawals on streamflow (Zarriello and Ries, 2000),
effects on habitat and aguatic biota have not been deter-
mined. Federal, State and local agencies are concerned
that reduced streamflowsin the basin are causing aloss
of habitat that supports the biological integrity of the
river.

Ground-water withdrawals were shown to
decrease summer low flows substantially when
compared to low flows calculated for simulations
with no ground-water withdrawals (Zarriello and Ries,
2000). These withdrawal s deplete streamflow either
by intercepting ground water that would have dis-
charged to the stream or by inducing infiltration from
the stream to the wells. Streamflows also are reduced
because only about 10 to 20 percent of all water with-
drawn from the basin is returned to the basin as
wastewater—the remainder is discharged from waste-
water treatment plants to the Atlantic Ocean (Peter
Phippen, Massachusetts Department of Environmental
Management, written commun., 1997). During winter
and spring (December through May), streamflow is
affected by both ground-water pumpage and by
surface-water diversions. In addition, changesin land
use and increased impervious area through timein the
headwaters of the Ipswich River Basin have been dem-
onstrated to reduce infiltration and decrease base flow
(Zarridllo and Ries, 2000).

Modification of streamflow is one of the most
widespread human disturbances of stream environ-
ments (Ward and Stanford, 1983; Bain and others,
1988), and the effects of flow modification can devas-
tate the aguatic communities of headwater streams and
streams with small drainage basins (Simon, 1999). It
can take multiple years for a stream’s ecosystem to
recover from a drying episode. Consequently, a stream
that dries out frequently, such asthe I pswich River, can
remain in acontinual state of recovery. Thefirst
requirement for the optimal production of stream fish
and other aguatic life is an adequate supply of water for
the entire year (Wickliff, 1945).

In order to meet the requirements of the
Massachusetts Water Management Act, the
Massachusetts Department of Environmental
Protection (MADEP) and Department of Environmen-
tal Management (MADEM) need to determine stream-
flows that will maintain continuous flow in the Ipswich
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River, that will provide habitat adequate to sustain
aquatic life during low-flow periods, and that will pro-
vide the seasonally variable flows necessary to sustain
the ecological integrity of the Ipswich River. In order to
meet these requirements, the U.S. Geological Survey
(USGS) and Massachusetts Division of Fisheries and
Wildlife (MDFW), in cooperation with the MADEM
and MADEP, began a study in July 1998 of the habitat,
fish communities, and streamflow requirements for
habitat protection of the Ipswich River and its
tributaries.

Purpose and Scope

The purpose of this report isto describe the
stream habitat and fish communities of the Ipswich
River, determine relations between flow quantity and
habitat, and determine adequate streamflow require-
ments to maintain quality aquatic habitat in the Ipswich
River. The report describes assessments of stream habi-
tats and fish communities conducted in 1998 for the
mainstem of the Ipswich River, from its headwaters
near Woburn Street in Wilmington to the Sylvania Dam
in Ipswich; and assessments conducted in 1999 for
selected reaches of Martins Brook, Norris Brook,
Boston Brook, Fish Brook, and Howlett Brook. The
report also compares streamflow requirements deter-
mined by means of the Tennant, New England Aquatic-
Base-Fow (ABF), Wetted-Perimeter, R2Cross meth-
ods, and the Range of Variability Approach. Stream-
flow regquirements were determined at the gage sites at
South Middleton and Ipswich, and at four riffle siteson
the mainstem Ipswich River, located at Mill Street in
North Reading/Reading, Log Bridge Road, in Middle-
ton/Danvers, Route 1 in Topsfield, and Mill Road in
I pswich/Hamilton.

Description of Study Area

The Ipswich River Basin is approximately 25 mi
long and about 6 mi wide, and encompasses a 155-mi?
areaentirely in northeastern Massachusetts about 20 mi
northeast of Boston (fig. 1). The Ipswich River begins
near the confluence of Maple Meadow Brook, Mill
Brook, and Lubbers Brook in Wilmington, and dis-
chargesto the Atlantic Ocean at Plum Island Sound.

Major tributariesto the Ipswich include Martins Brook,
Norris Brook, Boston Brook, Fish Brook, Gravelly
Brook, Howlett Brook, and the Miles River. The tidal
portion of the river downstream from the SylvaniaDam
in Ipswich was not included in the study area.

The Ipswich River Basin includes all or parts of
22 municipalities (fig. 1). The towns of North Reading,
Middleton, and Topsfield are completely within the
basin, as are mgor portions of Wilmington, Reading,
North Andover, Boxford, Wenham, Hamilton, and
Ipswich. The basin also includes parts of the towns of
Burlington, Andover, Lynnfield, Peabody, Danvers, and
Beverly, and minor portions of the towns of Woburn,
Billerica, Tewksbury, Essex, Georgetown, and Rowley.
Many of these municipalities obtain some or al of their
water supply from within the |pswich River Basin. The
towns of Salem and Lynn get some of their water
supply from the Ipswich River, yet are entirely outside
the basin.

The Ipswich River Basin isin the coastal |ow-
land physiographic province of New England (Denny,
1982) and is characterized by low relief, low stream
gradients, and slow stream currents. Topography varies
from flat terrain to low rounded hills, most of which are
lessthan 300 ft in elevation. The predominant land uses
in the drainage basin are residential, forest, and wet-
land. Theriver falls about 110 ft from its source to sea
level, which is adistance of about 36 mi. The average
river slopeis 3.1 ft/mi, but slopes range from about
6.0 ft/mi in the headwaters to 1.5 ft/mi in the middle
reachesto 2.8 ft/mi in the lower third of the river. The
gradient of the main channel is further decreased by
three dams—the South Middleton Dam in Middleton,
the Willowdale Dam in Ipswich/Hamilton, and the
SylvaniaDam in Ipswich (fig. 1). Together, these dams
account for about 30 ft of vertical drop. Most of the
tributaries to the I pswich also have one or more
impoundments that were built for water supply, or to
store water to power former gristmills and saw mills.
The impoundments behind these dams modify the river
by creating long reaches of moderately deep, slow-
moving water with characteristics that are more pond-
like than riverine. These dams restrict the downstream
movement and restrict or preclude the upstream move-
ment of fish between reaches of the Ipswich River, and
between the mainstem Ipswich and its tributaries.
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Figure 1. Location of towns, drainage network, impoundments, gaging stations, and fish and habitat assessment sites, Ipswich River Basin, Massachusetts.




Coarse sand and gravel deposits form the major
aquifersin the basin, many of which are developed for
municipal supply. Sand and gravel deposits cover about
43 percent of the basin, glacial till covers about 54
percent of the basin, and the remaining 3 percent are
recent alluvial deposits (see Zarriello and Ries, 2000).
Till typically underlies upland areas, and sand and
gravel deposits generally underlie wetlands and other
lowland areas. Sand and gravel deposits are not uni-
formly distributed across the basin. They range from
about 65 to 70 percent of thetotal areain the upper
half of the basin to about 40 to 45 percent of the total
areain the lower half of the basin. Tributary streams
that drain areas of sand and gravel deposits, such as
Martins Brook and Howlett Brook, tend to have higher
base flow than streams draining areas of till, such as
Emerson Brook and Boston Brook.

The Ipswich River hasawide riparian corridor in
most places; housing or urban development directly
borderstheriver in only afew locations. Much of the
riparian corridor is forested wetland, interspersed with
mosaics of meadow and shrub wetlands and patches
of upland forest. Water quality in the Ipswich River
generally isgood. Theriver hasaClass B rating for
water use. A Class B rating means ariver is designated
as ahabitat for fish, other aquatic life, and wildlife, and
for primary and secondary contact recreation; and is
designated suitable as a source of public water supply
with appropriate treatment, for irrigation and other
agricultural uses, and for compatible industrial cooling
and process uses, and shall have consistently good
aesthetic value (M assachusetts Department of
Environmental Protection, 1999). The river transports
large amounts of organic material from its extensive
wetlandsin the form of humic compounds that cause
the water to appear tea-colored. Oxidation of this
organic matter can depress dissolved oxygen levelsin
the river. The Ipswich River currently is classified by
the MADEP as awarm-water fishery (Massachusetts
Department of Environmental Protection, 1999), but
has been classified in the past as a seasonal cold-water
fishery (Massachusetts Department of Environmental
Protection, 1990). The Ipswich River and itstributaries
have a fish community represented by avariety of taxa
and trophic groups.

The U.S. Geological Survey (USGS) has oper-
ated two gaging stations on the mainstem of the
I pswich River since the 1930s (fig. 1). The upstream
gaging station at South Middleton (station number
01101500) has a drainage area of 44.5 mi2, and amean

annual discharge of 63.9 ft3/s; the downstream gaging
station near Ipswich (station number 01102000) has a
drainage area of 125 mi2 and a mean annual discharge
of 189 ft3/s (Socolow and others, 1999). Streamflows
typically are lowest in July, August, and September.
From 1961 to 1995, median monthly mean flows for
July, August, and September were about 10, 8, and

15 ft3/s, respectively, at the South Middleton gage; and
about 23, 20, and 19 ft3/s, respectively, at the Ipswich
gage. Discharge at these sites, however, is affected by
water withdrawal s upstream of the gaging stations.

Previous Studies

The USGS began a study in 1995 to determine
the spatial distribution and correlation among parame-
tersrelated to aquatic habitats and flow conditions of
Massachusetts streams. The study, done in cooperation
with the MADEM, Office of Water Resources and
the MADER, evaluated the applicability of median
daily mean flow for August (Ries, 1997) and wetted-
perimeter measures at gaging stations (Mackey and
others, 1998) to determine streamflow requirementsfor
Massachusetts streams. To simulate the hydrology and
complex water-use patternsin the Ipswich River Basin,
the USGS devel oped a basin-scal e precipitation-runoff
model with the Hydrologic Simulation Program-
Fortran (HSPF) (Zarriello and Ries, 2000). The model
isbeing used by MADEP and MADEM to calculate the
effects of withdrawals on streamflow. Four critical riffle
sitesidentified by this habitat study were included as
HSPF model nodes in the hydrologic modeling study.
Streamflow requirements determined from streamflows
simulated with the HSPF model for those sites are
included in this report.
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RELATIONS AMONG STREAMFLOW,
AQUATIC HABITAT, AND FISH
COMMUNITIES

Stream habitat is an important determinant of
the distribution and abundance of fishes and aquatic
invertebrates in streams (Stalnaker and others, 1995).
In generd, fish live wherethereis sufficient availability
of suitable habitats to support their ecological and
behavioral requirements (Matthews, 1998). Stream
conditions such as water depth, current velocity, tem-
perature, and water chemistry combine with stream
substrate, woody debris, aquatic vegetation, and ripar-
ian vegetation to form awide variety of habitats.
Stream size, gradient, habitat complexity, and habitat
seguencing also are important influences on the struc-
ture of stream fish assemblages (Gormans and Karr,
1978; Schlosser, 1995) and on the size and diversity of
fish species. The abundance and diversity of fish spe-
ciestendsto increase downstream (Horowitz, 1978;
Matthews, 1998). Headwater streamstypically have
mostly small fish and fewer species (Hubbs, 1987,
Hagstrom and others, 1995). The fish communities of
larger streams and rivers tend to be organized along a
bank-midstream habitat orientation (Bain and others,
1988). For example, small fish that are distributed
across riffle habitats in headwater streams tend to be
restricted to the stream marginsin larger streams
because of higher midstream velocities and depths
(Bain and others, 1988). Pool depth also isastrong
indicator of fish size (Harvey and Stewart, 1991). Deep
areas primarily are inhabited by older, larger fish; shal-
low habitat with low stream velocitiesisused primarily
by small, young fish (Bain and others, 1988).

Riffles are the stream-habitat type most
sensitive to flow fluctuations (Nehring, 1979). Sus-
tained flow over rifflesisimportant for maintaining

macroinvertebrate communities, fish passage, spawn-
ing, egg incubation, feeding, and protective cover for
fish (Espegren, 1996), and for maintaining dissolved
oxygen levelsin downstream reaches. Channel margins
and other shallow areas also are among the first habi-
tatsto be affected by declining flows. Channel margins,
woody debris, and submerged macrophytes provide
primary habitats for macroinvertebrates (Maxted and
others, 2000), which are the major food source for
many freshwater fish. Shallow channel-margin habitat,
therefore, is an important feeding, spawning, and nurs-
ery area (Panfil and Jacobson, 2000). In many streams
the highest density of fish isfound along shorelinesin
snags and vegetated edges (Lobb and Orth, 1991). Typ-
ically, young fish prefer emergent and submerged
aguatic vegetation, backwaters, and channel-margin
habitats for nursery areas; juveniles prefer channel
margins for foraging and avoiding predation; and fish
in adult life stages prefer pool, edgewater, and large
woody-debris habitat (Lobb and Orth, 1991; Panfil and
Jacobson, 2000). The availability of cover, structure,
shade, and channel-margin habitat decreases substan-
tially when water levels drop enough for the edge of
water to recede from the bank. L oss of shore habitat
can also cause fish to suffer increased predation

from wading and diving birds, mammals, and other
organisms.

Aquatic communities are adapted to
tolerate a natural, summertime low-flow period. In
Massachusetts, this low-flow period typically is
between late July and mid-September. Streamflow
during dry periods primarily is maintained by ground-
water discharge, or base flow. A stream's base flow is
related to the area and depth of aquifers contributing to
the stream, and to the amount of withdrawals from the
aquifers. Ground-water withdrawals can reduce base
flow by intercepting ground water that would have
flowed to the stream, or by inducing flow from the
stream toward a pumped well. Withdrawals also can
extend the duration of low-flow periods to the point
where the modified conditions alter the long-term
ecological integrity of aquatic ecosystems.

Low flows can have amajor effect in structuring
aguatic communities (Fausch and Bramblett, 1991,
Poff and Ward, 1989). In general, the effect of low
flows on fish populations begins with prolonged or
recurrent flows below the 50 percent non-exceedence
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probability, becomes visible around the 25 percent non-
exceedence probability, and acute around the 10 per-
cent non-exceedence probability (Hickey and Diaz,
1999). Aswater levels drop, riffle habitats and fish
passage are lost, flow becomes interrupted, and

higher water temperatures and lower dissolved oxygen
levels stress the aquatic community. Fish that did not
move downstream remain temporarily in the discon-
nected pools for as long as conditions sustain their sur-
vivability. Not all fish species tolerate crowded
conditions equally (Cortes and others, 1998). Small
fish may not survive because of greater predation
(Matthews, 1998), so the length of time an extreme
low-flow or no-flow condition persistsis critical
(Matthews, 1998). Recovery of areach after drying or
extreme low flow depends on stream discharge, the
depth and length of intervening riffles, the distance of
the reach from a pool or impoundment that retains a
full complement of species as potentia colonists, and
the relative colonizing ability of different species
(Schlosser, 1995; Lonzarich and others, 1998). The
persistence of speciesin intermittent streams depends
upon their relative colonizing ability (Fausch and
Bramblett, 1991). Upstream fish communities are
characterized by species that are better adapted to
colonizing streams following drought or flooding per-
turbations, whereas downstream communities are char-
acterized by species that require more stable habitat
conditions (Schlosser, 1982, 1987; Hansen and Ramm,
1994). Recovery of stream communities after rewetting
is not immediate; rewatering alone does not provide all
the components of afunctioning stream ecosystem. For
example, drying altersfood availability by killing algae
and macroinvertebrates.

One requirement for continued persistence of
fish communities affected by periods of low flow or
interrupted flow is the existence of downstream habi-
tats such as deep pools, tributaries, spring holes, and
other areas in which fish can take refuge and return
upstream in wetter periods (Lonzarich and others,
1998; Matthews, 1998). Downstream impoundments
may provide habitat that fish can move into during low-
flow periods. In general, however, impoundments are
detrimental to riverine species because they change
stream habitat from a flowing habitat to a ponded habi-
tat; this change causes aloss of riverine spawning and
nursery areas. Streamflow below dams can be modified

in flow duration and magnitude, water quality, water
temperature, and sediment supply. Dams without ade-
quate provisions for fish migration prevent access by
resident fish to upstream and downstream habitat and
spawning areas, and can threaten the persistence of
anadromous fish communities.

The effects of reduced streamflows on aquatic
life are not limited to loss of physical habitat. The ther-
mal effects of drought can exceed the direct effect of
low water (Matthews, 1998). Fish have characteristic
thermal requirements for each of their life functions
(such as feeding, spawning, growth, and metabolism),
and some fish are less tolerant of hesat stress than oth-
ers. For example, the upper critical range of tempera-
tures for brook trout is between 20 and 29°C, whereas
the upper critical range for some sunfish is 25 to 38°C
(Elliott, 1994). Over time, increased stream tempera-
tures could lead to thermal isolation of cold-water
species, such as brook trout (Watson and others, 1998),
and to expansion of the ranges of cool or warm-water
species, such as redfin pickerel or pumpkinseed. In
addition to increases in stream temperature caused by
direct heating of reduced volumes of streamflow,
ground-water withdrawals can cause the loss of cold-
water springs that provide important areas of refuge
during low-flow periods.

Flow alterations are one of the major stressors
of aguatic systems. Prolonged periods of low flow
and the consequent loss of stream-margin habitat can
result in a simple community of mostly juvenile fish
(Schlosser, 1987). The ariginal fauna, with amix of tol-
erant and intolerant fish species, are replaced by spe-
ciesthat are tolerant of stressful physical conditions
and able to reproduce even under adverse conditions
(Matthews, 1998). In shallow reaches with low habitat
volumes, the absence of deeper pool habitats needed
to support older age classes and some pool-adapted
species can lead to lower species richness and fish den-
sity (Schlosser, 1987). For example, when streamflow
decreases, depth and velocity also decrease; these
changes create conditions similar to those found in
headwater reaches that favor small-stream species.

Rivers with highly altered and regulated flows
can lose their ability to support natural processes and
native species (Poff and others, 1997). Fish and other
aguatic organisms require habitat features that cannot
be maintained by minimum flows alone (Stalnaker,
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1990). A natural flow regime has a characteristic range
and variability in the magnitude, frequency, duration,
timing, and rate of change of flow. These variationsin
flow create and maintain awide range of habitat fea-
tures and regulate ecological processesin riversthat are
critical to the native biodiversity and ecological integ-
rity of rivers. High flows scour streambeds and banks,
create and maintain bars and pool -riffle sequences, and
import wood and organic matter from floodplains. High
flows are important to both aquatic and riparian spe-
cies; some fish use high spring flows and associated
changes in water temperature as signals for migration
or spawning, and seasonal access to floodplain
wetlands is essential for survival of many species. Dif-
ferences in tolerances of flooding duration by riparian
plants, fish, and aguatic invertebrates allow some spe-
ciesto persist in locations from which they might oth-
erwise be displaced by dominant but less tolerant
species (Poff and others, 1997). Other species do better
in dry years. The overall biological diversity and eco-
system integrity of ariver benefits from variationsin
species success (Poff and others, 1997). Human alter-
ation of flow regimes changes the pattern of natural
hydrologic variation and disturbance, which alters hab-
itat dynamics and creates conditions to which the
native biota may be poorly adapted.

HISTORICAL AND RECENT
LOW FLOWS IN THE
IPSWICH RIVER

In 1997, American Rivers, an environmenta
organi zation, designated the Ipswich River as one of
the 20 most threatened riversin the United States, pri-
marily because of low flows. A plot of the distribution
of August mean flows for the period of record for
selected southern New England gaging stations having
30 or more years of record (fig. 2) indicates that the
Ipswich River has the lowest median August-mean
flow, even among rivers whose basins also have sub-
stantial water withdrawals and development that affect
streamflow, such asthe Assabet, Charles, and Neponset
Rivers.

Historical Low-Flow
Conditions

Several reaches of the upper Ipswich River fre-
quently are dry or have interrupted flow or extremely
low flows. During a drought in 1934, Johnson and
others (1934) reported the upper 9 mi of the Ipswich
River above the Middleton town line to have dried or
had isolated stagnant pools of water for the last 2
weeks of August. In recent years, portions of the
Ipswich River headwaters dried in 1993, 1995, and
1997 (Kerry Mackin, Ipswich River Watershed A ssoci-
ation, oral commun., 1999). One of the most flow-
stressed reaches of the mainstem Ipswich River, as evi-
denced by fish kills and mussel die-offsin 1995, 1997,
and 1999 (fig. 3), is downstream of the Reading, North
Reading, and Wilmington well fields between 1-93 and
the confluence of Martins Brook with the Ipswich
River. Other reaches that have had interrupted or
extremely low flow include a reach of Maple Meadow
Brook downstream of the Wilmington Well fields, and
reaches of the I pswich River downstream from the
South Middleton Dam in Middleton and downstream
of the Danvers well field in Middleton and Danvers
(Kerry Mackin, Ipswich River Watershed Association,
oral commun., 1999). The Danvers wellswere not in
regular production during the time of this study, but
could return to operation in the near future.

Recent Low-Flow
Conditions

At the beginning of the study, in June 1998, the
Ipswich River Basin had aflood with a 7- to 10-year
recurrence interval (Parker and others, 1998). Despite
the wet beginning to the summer of 1998, parts of the
I pswich River were dry by mid-September of that year.
During the summer of 1999, large portions of the
Ipswich River and its tributaries had extreme low flows
or were dry. Hydrographs showing daily mean dis-
chargefor the |pswich River gages during 1998-99 and
median of daily mean discharge for the period of
record are shown in figure 4.
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Figure 2. Distribution of monthly mean flow for August for 30 gaging stations in southern New England.

Historical and Recent Low Flows in the Ipswich River
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Figure 3. (A) Fish kills and (B) mussel die-offs in the Ipswich River,
Massachusetts, 1995 and 1999.
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To represent the effects of recent withdrawal
conditions on the magnitude and frequency of low
flows, an HSPF model (Zarriello and Ries, 2000) was
used to simulate flows for the 196195 period, with
average 1989-93 withdrawals and 1991 land-use
conditions. The 1-, 7-, and 30-day annual low flows
were cal culated from these simulated flows. From these
n-day annual low flow values alog-Pearson Type ||
distribution was used to calculate the magnitude of
flow at different recurrence intervals. A recurrence
interval of 2 years represents an every-other-year, or
average, characteristic (half the years will be higher,
half will be lower), and the value of discharge repre-
sents the mean annual value for that series (Emmett,
1975). Examination of the 2-year recurrence interval
from the 1-, 7-, and 30-day low flows for the |pswich
River at the South Middleton gaging station (Zarriello
and Ries, 2000), indicates that, under average 1989-93
water-withdrawal conditions, streamflow at the South
Middleton gage was 0.7, 0.9, and 2.2 ft3/s, respectively
(Zarriello and Ries, 2000).

During the last decade, increased withdrawals
have resulted in near-zero flows at the South Middleton
gage (Socolow and others, 1996; 1997; 1998; 1999;
2000) (table 1). In 4 of the past 5 years (ending in the
1999 water yearl), the 1-day and 7-day annual low
flows have been considerably below the 0.7 and
0.9-ft3/s, 2-year recurrence probabilities, respectively.
Theselow flowsindicate that water demands above the
South Middleton gage have increased since the 1989—
93 period; therefore, stresses on aguatic habitat caused
by low flows also have increased in recent years.

During 1998-99, the effects of declining stream-
flow were documented at various locations as part of
this study. Streamflow in portions of the I pswich River
was interrupted during each year of the study. Theriffle
near Mill Street in North Reading/Reading went dry in
September 1998. Dry weather conditions and with-
drawals combined to create amajor loss of habitat over

Table 1. One-day and 7-day annual low flows at the Ipswich
River at South Middleton (01101500) gaging station,
Middleton/Peabody, Massachusetts

[ft3/s, cubic foot per second]

1-day annual 7-day annual
low flow Date low flow Date
(ft3/s) (ft3/s)
0.09 9-05-99 0.11 8-31-99
.10 10-24-97 17 10-18-97
.05 9-07-97 .08 9-15-97
.09 10-01-95 2.3 8-27-96
.22 9-01-95 .23 9-01-95

much of the Ipswich River in the late summer of 1999.
In 1999, the mainstem of the Ipswich River between
1-93 and the confluence of Martins Brook was dry
(figs. 5A,B), except for an isolated pool adjacent to
Concord Street in North Reading/Reading (fig. 5C) and
pools adjacent to the Mill Street Bridge (fig. 5D). The
Ipswich also was dry between the South Middleton
Dam and Russell Street in Middleton. Tributaries that
went dry or amost dry in the late summer of 1999
included Maple Meadow Brook, Martins Brook,
Idlewild Brook, Boston Brook, and Fish Brook.
Streambeds were exposed in many headwater tributar-
ies, in most riffles, and in reaches immediately down-
stream of dams and riffles, with the exception of afew
isolated pools. Channel-margin features, such

as exposed roots, undercut banks, woody debris, and
overhanging vegetation, were unavailable in many
other reaches. In many reaches that did not dry com-
pletely, flow velocities were undetectable, and some
reaches generated algal blooms or became covered
with duckweed. The water trapped in these stagnant
reaches also likely was characterized by elevated tem-
peratures and severely depleted levels of dissolved
oxygen, but these properties were not measured.

1A water year isthe 12-month period beginning October 1 and ending September 30. It is designated by the calendar year in which

it ends.
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Figure 5. Stream habitats on the mainstem Ipswich River, Massachusetts, during low-flow conditions, 1999. (A) Dry streambed downstream of 1-93, North
Reading/Reading, downstream view; (B) Dry streambed, North Reading/Reading, upstream view; (C) Isolated pool downstream of 1-93 North
Reading/Reading, view of left bank; (D) Isolated pool upstream of Mill Street, North Reading/Reading, upstream view.



HISTORICAL FISH
COMMUNITIES INTHE
IPSWICH RIVER

Pre-colonial fish communities of the Ipswich
River are difficult to describe because no records are
available. Freshwater fish communities likely were
atered early in colonial times by construction of many
small damsfor water-powered mills, and by clearing of
the land. Various reports describe the composition of
the inland freshwater fish community in the mainstem
of the Ipswich River early in the 20th century.
Although substantial land-use and stream-channel
aterations predate historical fish assessments, these
records lend some insight into past effects of habitat
and flow alterations on fish communities. Dow (1926)
reports that perch, sunfish, bullhead, and eels were
caught below the Willowdale Dam in [ pswich. Johnson
and others (1934) report that the lower reaches of the
mainstem contained mostly pond fish, such as large-
and small-mouth bass, calico bass (crappie), and perch;
pickerel are reported throughout the river, and only one
trout pool “of repute” is reported in the headwaters of
the mainstem. Historical fish communitiesin the tribu-
taries are not well documented, but it islikely that sev-
eral tributaries supported cold-water fisheries. Johnson
and others (1934) report the presence of brook trout
and dace in tributary streams.

A major difference between the current fish com-
munity in the Ipswich River and the historical fish
community isthat the historical fish community also
would have included anadromous fish species for apor-
tion of the year. Anadromous species that have been
documented to be present in the Ipswich River in large
numbers include alewife (Alosa pseudoharengus) and
blueback herring (Alosa aestivalis) (Belding, 1921).
Although their presence is less well documented, the
anadromous fish community probably also included
Atlantic salmon (Salmo salar), Atlantic sturgeon
(Acipenser oxyrhynchus), American shad (Alosa
sapidissma), rainbow smelt (Osmerus mordax), white
perch (Morone americana), and sea-run brook trout
(Salvelinus fontinalis) (Felt, 1834; Belding, 1921). His-
torical reports document that herring runs extended
into Middleton (Belding, 1921), but declined in the
1800s for reasons given by Belding (1921) as*“ (1) the

utilization of the spawning grounds for water supplies,
(2) the obstruction of the stream by dams without fish-
ways, (3) the trade-waste pollution, and (4) the diminu-
tion of the quantity of water in the Ipswich and its
tributaries”

Herring and other anadromous fish historically
would have composed a major component of the food
chain in portions of the Ipswich River. Herring spawn
in early spring. Adult herring return to the ocean after
spawning, but young-of-the-year (YOY) remainin
the river until fall, when they migrate out to sea.
During their spawning run, adult herring would have
provided other important functions; filter-feeding adult
herring have been documented to reduce phytoplankton
and zooplankton in freshwater, and adult herring that
die during spawning runs return nutrients to river
systems (Phillips Brady, M assachusetts Department
of Marine Fisheries, oral commun., 2000). Within the
last decade, efforts to restore herring runsin the
I pswich River have been made by reconstructing a
fish ladder at the Sylvania Dam, and stocking the river
with herring from the nearby Charles River by the
Massachusetts Division of Marine Fisheries.

METHODS

The determination of appropriate streamflow
requirements for the protection of stream habitat and
stream health depends upon knowledge of the relations
between streamflow and habitat availability. Habitat
assessments provide information about the limiting
factors that affect aquatic biological communities
(Fitzpatrick and others, 1998), the appropriate scal es of
measurement for study (Kershner and Snider, 1992),
and appropriate locations for study sites. An evaluation
of habitat quality is critical to any assessment of eco-
logical integrity (Barbour and others, 1999). Habitat
assessments, however, need to be complemented with
biological monitoring to describe adequately the health
of astream ecosystem (Karr and Chu, 1999). These
considerations were a component of this study and are
described bel ow.

14 Assessment of Habitat, Fish Communities, and Streamflow Requirements for Habitat Protection, Ipswich River, Mass., 1998-99



Habitat Assessment

A reconnaissance of the mainstem of the |pswich
River was conducted to identify and delineate stream
macrohabitat, and to determine accessibility to reaches
selected for sampling. Four study sites critical for habi-
tat purposes wereidentified for inclusion in the Ipswich
HSPF model (Zarriello and Ries, 2000). These sites
were among the first to dry or to devel op fish-passage
problems. Stream reacheswere rated for habitat quality
by use of Rapid Bioassessment Protocols (RBP) devel-
oped by the U.S. Environmental Protection Agency
(USEPA) (Barbour and others, 1999). Physical stream
habitat also was characterized by use of transect-based
methods (Simonson and others, 1993, Fitzpatrick and
others, 1998).

Macrohabitat Delineation

Habitat delineations initially were made by use
of topographic and georeferenced orthophoto maps, on
which the stream centerline had been marked in meters.
These habitat delineations later were refined on the
basis of field observations made during reconnai ssance
float trips. Aquatic habitats in the mainstem of the
I pswich were classified by stream size [(small streams
(1st, 2d, and 3d order), and medium streams (4th and
5th order)], gradient (high gradient, low gradient), hab-
itat characteristics (water velocity, depth, substrate, and
cover), and geomorphic channel units (riffle, run, glide,
pool, and impoundment). These assessment criteria
have proved useful for classifying fish assemblages
(Bain and Knight, 1996; Bain and Stevenson, 1999).

Reaches were classified asriffles, runs, glides,
pools, or impoundments. Riffles have fast flow veloci-
ties, shallow water depths, coarse-grained substrates
(gravel, cobble, boulder), and turbulent surface flows
that commonly contain small standing waves or white
water. Runs have moderate flow velocities and depths,
avariety of substrates (sand, gravel), and somewhat
turbulent but unbroken surfaces. Glides have slow,
steady current, smooth surfaces, moderate depths, and
fine-grained substrates (sand, silt, organic detritus).
Pools generally have deeper water than glides, fine-
grained substrates (sand, silt, organic detritus), and

currentsthat are barely detectable or do not show at the
surface. Impoundments are large pools behind dams or
beaver dams.

Some reaches can be classified differently at dif-
ferent discharges (flows). At high flows, the percentage
of river classified asrunsincreases. Riffles can become
runs as riffle controls are submerged, and glides and
pools can become runs as velocity increases. At low
flows, the percentage of river classified asruns
decreases. Runs can become glides as velacity
decreases, and runs can become riffles as stream sub-
strate becomes exposed. During this study, most
reaches were visited only once during moderate to low
flows.

Limited time and resources precluded the map-
ping of individual geomorphic channel units. Instead,
riffle-and-run habitats, and glide-and-pool habitats
were grouped and mapped as macrohabitats. Macro-
habitats that represented the range of habitat typesin
the basin were delineated to identify reachesfor habitat
and fish sampling. Study reaches were distributed
throughout the entire length of the mainstem. Study
reaches also were established in selected tributaries
so that tributary fish communities could be compared
to those of the mainstem to assess the availability of
tributaries as areas of refuge during extreme low flow.

Habitat Quality

USEPA rapid bioassessment protocols (RBP)
(Barbour and others, 1999) were used to evaluate
stream-habitat quality within each study reach. Habitat
assessments were completed for al sites by use of
USEPA RBP habitat-assessment field-data sheets for
low-gradient streams, except for the longer riffle
reaches, which were assessed by use of high-gradient
stream assessment criteria (Barbour and others, 1999).
Habitat assessments were completed during the same
time as fish sampling.

Stream-habitat quality is scored by visually
assessing the stream’s physical environment by use of
10 metrics that rate general categories of stream habi-
tat: available cover, channel substrate, pool variability,
sediment deposition, channel-flow status, channel
ateration, channel sinuosity, bank stability, bank-
vegetation protection, and riparian-zone width. Each
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metric is scored numerically between 0 and 20; scores
between 0 and 5 are considered poor habitat, 6 and 10
marginal habitat, 11 and 15 suboptimal, and 16 to 20
as optimal habitat. The scores for available cover,
velocity/depth regime, and channel-flow status can
score differently depending on the flow at the time the
survey is made; therefore, thirty percent of the total
score isrelated to streamflow. Because a portion of the
total score reflectsfeaturesindependent of flow, such as
the width of the riparian zone, the minimum scores are
never zero, even if theriver has no flow or isdry.

Physical Habitat Survey

Physical habitat was characterized by use of
transect-based methods (Simonson and others, 1993;
Fitzpatrick and others, 1998). Time and resources,
however, limited the number of transects to one per
study reach. Transects were located at sites that best
represented average conditions within the study reach.
Physical habitat features measured at each transect
were chosen to represent a reach two channel widths
long, centered on a representative cross section. Each
Ccross section was measured at about 20 or more inter-
vals across the channel. Depths below water surface
were measured with a folding engineer's rule to the
nearest 0.1 ft. Vel ocities were measured with a Stan-
dard AA or pygmy current meter (Rantz and others,
1982). Distances to features above the water surface
were measured to the nearest 0.5 ft with arange pole.
Physical habitat features that exhibited variability
across the channel, such as substrate type, were mea-
sured at three equally spaced points across each cross
section (left side, center, right side). Criteriafor mea-
surement of physical habitat features are givenin
table 2. Physical habitat assessmentswere completed at
the time of fish sampling, or as much as aday before or
after fish sampling, at asimilar flow.

Fish-Community
Assessment

Biological monitoring in this study targeted fish
because they are long-lived, sensitive to awide range
of stresses, and can be assigned an economic and soci-
etal value (Fausch and others, 1990). In comparison to
macroinvertebrates, fish are easy to identify, and the
relations between fish and stream health are better

understood and valued by the public. In addition, mini-
mum flows adequate to maintain fisheries also tend to
be sufficient to maintain macroinvertebrates and other
aguatic life, recreational uses and aesthetic qualities. A
drawback of using fish to indicate flow degradation is
that fish integrate the effects of many stresses, soit is
difficult to determine the effect of each stress.

Assessment of fish communities was designed to
characterize fish species diversity, relative abundance,
and length-frequency distribution of fish in the main-
stem of the Ipswich River and its tributaries. Fish were
sampled during summer periods of low to moderate
streamflow, because fish assemblages during summer
arerelatively stable and contain the full range of resi-
dent species (Gibson and others, 1996), and because
staff are available, weather conditions are good, and
safety and sampling efficiency are maximized.

Fish-Community Sampling

Sampling reaches were distributed over the
length of the mainstem and major tributaries, and were
chosen to represent the range of habitat types. Sam-
pling reaches included 100 m of stream length, where
possible. The reaches were marked with surveying
ribbon and located with a Global Positioning System
(GPS), or were recorded on USGS 1:25,000 topo-
graphic maps and georeferenced orthophotographs that
were marked in meters above the river mouth.

Fish were sampled primarily by electrofishing
with pulsed direct current (DC) backpack units (fig. 6).
Backpack shockers are best used in small or shallow
streams and were appropriate for sampling most
reaches of the Ipswich River and its tributaries during
summer low flows, with the exception of impound-
ments, flow-through ponds, and some of the deeper
pools. Backpack sampling consisted of asingle
upstream pass by ateam of threeto five people, without
block nets. This approach has been shown to give arep-
resentative sample of the fish assemblage (Simonson
and Lyons, 1995). All portions of the stream were
sampled, including habitat features such as woody
debris, submerged aquatic vegetation, undercut banks,
and overhanging vegetation. Dipnets were used to cap-
ture all fish. Fish were kept alive in 5-gal buckets, or
portable livewells, before being identified, counted,
measured, and released.
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Table 2. Criteria for measurement of physical habitat features

[ft, foot; ft/s, foot per second; mm, millimeter; >, actual valueis greater than value shown; <, actual value isless than value shown]

Physical habitat feature Description

Physical data

Bankfull width (ft) .....cccoooveeiiiee Distance along a cross-section, measured perpendicular to streamflow, from bankfull indicator (top
of bar, upper extent of erosion, lower extent of terrestrial vegetation, high water marks, and
others), at top of bank to a point of equal height on opposite bank, to nearest 0.1 ft.

Channel width (ft) ......ccccooevverieenee. Distance along a cross-section, measured perpendicular to streamflow, from left edge of water to
right edge of water, to nearest 0.1 ft.

Cross section depth (ft) ....coevrveeeene. Vertical distance from water surface to stream bottom; measured at about 20 intervals including
breaks in lope in the streambed, to nearest 0.1 ft. Points above water surface or in dry channel
measured as vertical distance down from bankfull indicator, to nearest 0.5 ft.

Thalweg depth (ft).....cceovereereenene L owest cross section depth or point of zero flow. Measured in dry channel as vertical distance down
from bankfull indicator, to nearest 0.5 ft.

VeloCity (ft/S)..c.coveererricininecernies Streamflow rate measured in thalweg with astandard AA or Pygmy current meter at 0.6 ft or 0.2 and
0.8 ft of depth, depending on depth.

Substrate type (percent) ........coceeeeee. Streambed material measured at 3 equally spaced points along the cross section; each category
visually estimated to nearest 5 percent; particle diametersin each category are as follows:

Coarse inorganic substrate
Bedrock
boulder: > 256 mm
cobble: 64-256 mm
gravel: 2-64 mm

Finer inorganic substrate
sand: 0.0625-2 mm
silt/clay:  <0.0625 mm

Organic substrate..........covveeernenenens Coarse particulate organic matter (CPOM); roots, branches, twigs
Fine pariculate organic matter (FPOM); leafs, detritus, muck
Other; mud, peat, marl

Cover (PErCENt) .o.oovveeerereereerreerenens Any feature that provides cover for fish; visually estimated along the transect, to nearest 5 percent.
Categories are:

Hard, more durable structures
Large woody debris; log jams, trees, large branches, root wads
Rock structure; cobbles, boulders
Artificia; walls, bridges

Soft, transient structures and aguatic vegetation
Small woody debris; sticks, twigs, leaves, detritus

Emergent vegetation
Floating vegetation
Submerged vegetation
Aquatic moss

Bank cover—must be within 1 ft of the water surface
Overhanging vegetation
Exposed roots
Undercut banks
Rock, Riprap
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Table 2. Criteria for measurement of physical habitat features—Continued

Physical habitat feature Description

Physical data—Continued

Cover (percent)—Continued ............. Hydraulic habitat characteristics
Tributary
Oxbow, side channel, overbank
Eddies, varied flow
Riffled surface
Deep pool
Heterogeneity .....oeeveeeeveeeenenecneeene Degree of variety of cover types; visually estimated to category; heterogenous, mix, homogeneous.
Bank height (ft) ......cccooevevinncrcenene Vertical distance along cross section from bankfull indicator to bottom of bank, to nearest 0.5 ft.
Bank angle (degree) ........coceevveenneneee Angle of the streambank along a transect, from the top of the streambank to the bottom of the
streambank, to nearest 5 degrees.
Bank composition ........c.cccecevveeeeenne. Composition of bank within the transect, visually estimated in order of the three dominant substrate
types. bedrock, boulder, cobble, gravel, sand, silt, clay, soil, organic soil/peat, artificial.
Vegetation density .........cccceveeernenes Density of vegetation visually estimated along the transect for each bank, to nearest 25 percent.
Vegetation type........cceveeerreereeninenns Composition of riparian vegetation, along the transect, visually defined as either upland or wetland,

with further classification as: forest, forest/shrub, shrub, shrub/herbaceous, herbaceous or
emergent, to nearest 5 percent.

Riparian zonewidth...........cccoevnnee. Horizontal distance along cross section.

Shading......cceeverieenrreireereene Proportion of the transect estimated visually as: fully shaded, partially shaded, or open.

Figure 6. Massachusetts Division of Fisheries and Wildlife personnel backpack electrofishing
on the Ipswich River, Massachusetts.
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Stream reaches that were too deep to wade, or
where more power output for shocking was required,
were sampled with a boat-operated electrofishing unit
and gill nets. During boat e ectrofishing, crews of three
to five people sampled shoreline areas by making a
single pass with an electrofishing boat. All fish were
collected and placed into the boat livewell before being
identified, counted, measured, and released. Gillnets
were set across the waterbody transverse to the direc-
tion of flow. The gillnets are 150 ft long and consist of
five panels of different mesh size (0.75to 1.5in.), and
are designed with afloating top line and a sinking lead-
core bottom line so the net will remain upright under
water and maintain contact with bottom substrate
during sampling. Nets were set for aminimum of 2
hours, and a maximum of 5 hours. Fish collected by
gillnets commonly suffer higher mortality rates than
those el ectrofished; those that were in good condition
were returned to the water after being identified,
counted, and measured; those that were not in a suit-
able condition to be returned to the water were
removed and disposed of properly.

Captured fish were identified with respect to spe-
cies, measured for total length, counted, and released.
Thefirst 100 fish of each species were measured to the
nearest millimeter for length-frequency analysis, with
the exception of American eels (Anguilla rostata) and
sea lampreys (Petromyzon marinus), which were mea-
sured to the nearest centimeter. If more than 100 fish of
a species were captured, these were tallied in the spe-
cies count, but no lengths were recorded. Two percent
or no fewer than two individuals (or oneif only asingle
specimen was collected) of each species captured were
preserved in 10-percent formalin for confirmation of
identification by laboratory analysis (known as a
voucher sample), and archived in a MDFW reference
collection.

Field records included sample date, stream
name, town name, site description, length of sampling
reach, and sampling gear type. Information on electro-
fishing equipment and use also was recorded, including
backpack and battery identification numbers, number
of amperes and volts used, pulse frequency and width
settings, and e ectrofishing effort (the actual time that
current is sent through the water). The latter was
recorded to enabl e standardization and comparison
of results based on Catch per Unit Effort (CPUE).
Flows at the I pswich gaging station were recorded as

areference of the hydrological conditions during the
sampling period. Other observations, such asair and
water temperatures, water clarity, and general weather
conditions were made to determine the adequacy of
the sample.

Index of Biotic Integrity

Fish-collection data were used to assess the
biological integrity of the Ipswich River. Biological
integrity is the capability to support and maintain a bal-
anced, integrated, adaptive community of organisms
having a species composition, diversity, and functional
organization comparable to that of the natural habitat
of theregion (Karr and Dudley, 1981). The Index of
Biotic Integrity (1BI), originally developed to assess
the biological quality of small- to medium-sized warm-
water streams in the midwestern United States, uses a
multimetric approach for measuring biologic condition
(Karr, 1981). The IBI developed by Karr (1981) con-
tains 12 metrics grouped into 3 classes. species rich-
ness and composition, trophic composition, and
abundance and condition (table 3).

Speciesrichnessis the total number of species
found at a particular locality. In general, the more
degraded the stream, the lower the number of resident
fish species (Halliwell and others, 1999). Because tol-
erant species tend to increase under degraded condi-
tions, a high proportion of tolerant species can indicate
astressed environment and reflect lower biotic integrity
(Simon and Lyons, 1995). Comparison to the species
richness of areference site can serve as a measure of
the change in ecological condition. Trophic composi-
tion is the proportion of afish community classified by
feeding category or habitat type from which thefood is
taken. An increase in the proportion of specialist feed-
ersthat forage in restricted habitats is hypothesized to
correlate with increased biotic integrity, whereas an
increase in the proportion of generalist feeders that
consume awide variety of food types and exploit a
wide range of habitatsis considered to correlate with
adecreasein biotic integrity (Halliwell and others,
1999). Fish abundance is a measure of the ability of
astream to support an aguatic community (Goldstein
and others, 1994). In general, degraded sites would
be expected to have reduced numbers of lotic (river)
residents and increased numbers of lentic (pond)
individuals.
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Table 3. Index of Biotic Integrity Metrics

[Source: Karr, 1981]

Category

Metric

Species richness and composition ...........cceeeee. Total number of fish species
Number and identity of darter species
Number and identity of sunfish species
Number and identity of sucker species
Number and identity of intolerant species
Proportion of individuals as green sunfish (tolerant species)

Trophic COMPOSItioN.......cccovveveirieirrccenes Proportion of individuals as omnivores
Proportion of individuals as insectivorous cyprinids (minnows)
Proportion of individuals as top carnivores

Abundance and condition.............cccoeerereienenne Number of individualsin sample
Proportion of individuals as hybrids
Proportion of individuals with disease, tumors, fin damage, or skeletal anomalies

The IBI score for agiven reach is the sum of the
metric scores; each metric is assigned a score of 1
(worst), 3, or 5 (best); 5 points are given if thefish
community under investigation is similar to an unal-
tered reference fish community, 1 point if the fish com-
munity departs considerably from the reference
condition, and 3 points for an intermediate value. The
total score for the original version of the IBI (Karr,
1981) ranged from 60 (best) to 12 (worst); however,
this scoring range may differ for different 1BIs. IBI
metrics must be replaced or modified in the number,
identity, and scoring of metrics to adapt the index to the
different resident fish assemblages and habitat types
found in streamsin different regions and of different
sizes and thermal regimes (Simon and Lyons, 1995,
Simon, 1999). In the Northeast, it isimportant to
account for low species richness, introduced fish spe-
cies, and a high proportion of generalist feeders
(Halliwell and others, 1999). The IBlsused in this
study were designed for use in different areas of New
England, including small cold-water streamsin Con-
necticut (Jacobson, 1994), and small cold-water and
mixed-water streamsin Vermont (Richard Langdon,
Vermont Department of Environmental Conservation,
written commun., 1999).

Development of a Target
Fish Community

The USGS currently is devel oping a method to
define ahealthy freshwater fish community appropriate
for anatura river in southern New England (M.B.

Bain, U.S. Geologica Survey, written commun., 2000).
This fish-community composition will serve as atarget
for river enhancements in the Quinebaug River, Mass.,,
and as an endpoint for evaluating restoration progress.
This model fish community also may be used as an
indicator of the freshwater fish-community composi-
tion that may be supported were flows restored in the
Ipswich River. A target fish community specific for the
I pswich River is currently under development (Vernon
Lang, U.S. Fish and Wildlife Service, written com-
mun., 2001).

Development of the target fish community for
the Quinebaug River required determination of a
comprehensive list of potential species from historical
accounts. The species list was refined for restricted
distributions, failed introductions, and recent occur-
rences, and was restricted to freshwater species. To
develop atarget fish community, six reference rivers
were identified in Massachusetts and Connecticut
(Ware, Housatonic, Fivemile, Natchaug, Scantic, and
Willimantic), and available fish data from the reference
rivers were obtained. The numbers of fish weretallied
by species, and the proportion of total individuals by
species was obtained by dividing the number of fish of
agiven species by the total number of individuals. A
ranking procedure was used to exclude non-native fish.
Species habitat requirements were summarized into
three macrohabitat classes on the basis of their habitat
use: macrohabitat generalists (MG), fluvial dependents
(FD), and fluvia specidlists (FS) (Bain and Knight,
1996). Macrohabitat generalists, such as redfin pick-
eral, are fish species and size classes that use a broad
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range of habitat; they include species that commonly
arefound in lakes, reservoirs, and streams, and are able
to complete their life cycle in any of these systems.
Fluvial specialists, such as brook trout, are fish species
that almost always are reported as present in streams or
rivers, and that require flowing-water habitats through-
out life. Fluvial dependents, such as white suckers, are
species that require access to streams or flowing-water
habitats for a specific life stage, but otherwise com-
monly are found in lakes and reservoirs (Bain and
Travnichek, 1996).

A modification of habitat classifications (the
New England classification system) was devel oped
by Bain (M.B. Bain, U.S. Geological Survey, written
commun., 2000) to accommodate regional differences
in habitat requirements. Habitat classifications for
four species (falfish, creekchub suckers, long-nose
dace, brook trout) were changed from macrohabitat
generaliststo fluvial dependents or fluvial specialists.
American edl, a catadromous fish that requires access
to stream habitats for a portion of itslife cycle, was
classified as a macrohabitat generalist for the purposes
of this report because it occupies awide range of habi-
tats during the portion of itslife cyclethat it livesin
freshwater streams. Sealamprey, an anadromous fish
that also requires accessto stream habitats for a portion
of itslife cycle, had not been definitively categorized at
the time of this study, and had avery small sample size;
therefore, it was not included in the fish-community
analysis.

Streamflow Requirements for
Habitat Protection

Various methods have been devel oped to deter-
mine streamflows that can be used as minimum flow
reguirements for protection of agquatic habitat. Five
methods that have been applied widely were selected
for comparison in this report. These methods include
the

1. Tennant Method (Tennant, 1976).
2. New England Aquatic Base-Flow (ABF) Method
(U.S. Fish and Wildlife Service, 1981; Lang,
1999).
3. Wetted-Perimeter Method (Nelsen, 1984; Leathe
and Nelson, 1986).
R2Cross Method (Espegren, 1996; 1998).
Range of Variability Approach (RVA) (Richter
and others, 1996).

o A&

For this study, streamflow requirements were
determined with the Tennant, ABF, and RVA methods
calculated from daily discharges obtained for the
1961-95 period with a basin-scal e precipitation-runoff
model of the Ipswich River (Zarriello and Ries, 2000),
for asimulation representing no withdrawals and 1991
land use. For purposes of comparison, streamflow
reguirements also were determined for asimulation
representing current conditions with 1989-93
withdrawals and 1991 land use.

Streamflow requirements determined from the
various methods are compared to streamflow values
developed on the basis of commonly calculated flow
statistics, such as the 70-, 80-, and 90-percent
exceedence flow durations, and the 7-day, 10-year low
flow (7Q10).

Tennant Method

The Tennant method bases its streamflow
requirements on the observation that aquatic habitat
conditions are similar in streams carrying the same pro-
portion of the mean annual flow (Qua) (Karim and
others, 1995). The method divides a year into a winter-
flow period (October—March) and a summer-flow
period (April-September), establishes streamflow
requirements for each period by means of a predeter-
mined percentage of the mean annual flow (Tennant,
1976), and associates aguatic habitat conditions with
different percentages of mean annual flow (table 4).

Minimum streamflows for small streams during
summer commonly are established by the Tennant
method by use of the 40-, 30-, and 10-percent Qua
(Annear and Conder, 1984), which represent good, fair,
and poor habitat conditions, respectively, according to
Tennant (1976). In general, at 30 percent of the Qua,
most of the stream substrate is submerged, but at 10
percent of the Qua haf or more of the stream substrate
is exposed (Tennant, 1976). The Canadian Atlantic
Provinces method designates 25 percent of the Qua as
the minimum streamflow requirement (Dunbar and
others, 1998).

The Tennant method is best applied to gaged,
unregulated streams. The method should not be applied
to regulated streams because the mean annual flow
value calculated for regulated streams may not include
water that has been withdrawn and not returned to
theriver.

Methods 21



Table 4. Relations between aquatic habitat condition and
mean annual flow described by the Tennant method for small
streams

[Source: Tennant, 1976. Qv a, mean annual flow; <, less than]

Aquatic habitat Percentage of Percentage of

condition for QmA, QmA,
small streams April-September  October—March

Flushing flows................. 200 200
Optimum range............... 60-100 60-100
Outstanding.........c.c.cevee.. 60 40
Excellent.......ccccovvennne. 50 30
GO0 ... 40 20
Fair or degrading ............ 30 10
Poor or minimum............ 10 10
Severe degradation.......... <10 <10

New England Aquatic-
Base-Flow Method

For free-flowing, unregulated rivers, the ABF
Method establishes summer streamflow requirements
from the August median flow. August median flow is
assumed to represent the month of greatest stress for
aguatic organisms because of low flows and high tem-
peratures. The U.S. Fish and Wildlife Service
(USFWS) calculates the ABF August median-flow
statistic as the median of the annual monthly mean
flows for August (U.S. Fish and Wildlife Service,
1981). An August median-flow statistic also can be cal-
culated as the median of the daily mean flows for
August (Charles Ritz Associates, 1987; Ries, 1997).
Medians cal culated from monthly mean streamflows
tend to be higher than those cal culated from daily mean
streamflows because a small number of storms skew
the monthly mean value upward, and the effects of land
and water use tend to skew the daily mean values
downward (Lang, 1999). Consequently, “August
median flow” statistics calculated as the median
monthly mean flow for August and the median daily
mean flow for August are not equivalent.

The USFWS (1981) recommends calculating
seasonal streamflow requirements for free-flowing,
unregul ated streams from discharges normalized
for drainage area (table 5). These discharges are
determined from gaging stations with drainage areas
of 50 mi2 or more, which have 25 years of good- or
excellent-quality record. For ungaged or regulated
streams, the ABF method sets a default streamflow
requirement of 0.5 (ft3/s)/mi? for the summer period:

Table 5. Seasonal New England Aquatic-Base-Flow default
streamflow requirements

[Source: U.S. Fish and Wildlife Service, 1981. (ft3/s)/mi2, cubic foot per
second per sguare mile)

Instantaneous

éianstﬁz) Period streamflow
[(ft3/s)/mi?]
Summer (mid-Juneto low flow 0.5
mid-October)
Fall/Winter (mid-October spawning and 1.0
to March) incubation
Spring (April to mid-June) spawning and 4.0
incubation

this default value was designed to be aresource-
conservative flow for habitat protection. The median
monthly mean flow for August may vary from the
default value from basin to basin because of differences
in the percentage of stratified drift, the distribution of
riparian wetlands, and precipitation patterns. Basins
with large areas of stratified drift tend to have higher
low flows relative to basins that are predominantly
glacid till or bedrock (Thomas, 1966; Cervione and
others, 1982). Areas of large riparian wetlands can
decrease low flow substantially as aresult of increased
evapotranspiration (Wandle and Randall, 1994).
Drainage areas to the windward and lee of New
England mountains with respect to prevailing westerly
winds may have differencesin precipitation patterns
because of orographic