American Shad Habitat Plan for New
Hampshire Coastal Rivers

) n) })W A
)‘1))?)\))))))})3) ))Hnnh

Prepared by:
New Hampshire Fish and Game Department, Marine Fisheries Division

Submitted to the Atlantic States Marine Fisheries Commission as a requirement of Amendment
3 to the Interstate Management Plan for Shad and River Herring

Approved October 2021



American Shad Habitat Plan for New Hampshire Coastal Rivers
New Hampshire Fish & Game Department
Marine Fisheries Division

December 2020

This habitat plan is submitted by the New Hampshire Fish and Game Department as a
requirement of Amendment 3 to the Interstate Fishery Management Plan for Shad and
River Herring. Historically populations of American shad have been present in the coastal
waters of New Hampshire including the Merrimack River, Connecticut River, and major
tributaries of Great Bay Estuary. However, over the past 30 years of monitoring by the
Department the number of returning American shad adults has been highly variable and
in significant decline over the past 10 years. This plan outlines the current and historic
habitat for American shad within NH coastal rivers. The greatest threat identified to the
successful restoration of the species is the presence of dams along the rivers. Dams
fragment the habitat and may further reduce the numbers entering fresh water due to the
absence of a fish passage structure or poor passage efficacy for American shad of the
existing structure.

The 2020 Atlantic States Marine Fisheries Commission’s American Shad Stock
Assessment and Peer Review Report provides an extensive review of available literature
and discussion on the topic of fish passage (ASMFC 2020). Specifically, it highlights the
issues with lack of evaluation and performance from decades-old approaches, facilities
designs/operations that are not effective, and therefore cannot reasonably be expected
to achieve management and restoration goals without significant changes. The
Assessment Report also provides an important quantitative modeling approach
examining shad habitat and passage barriers, and the need to address status quo fish
passage performance. The impacts of these barriers and status quo passage are
described and also modeled as effects on spawner population size under three scenarios,
1) no barriers, 2) first barrier with no passage, and 3) realistic fish passage performance
measures applied to barriers (e.g., upstream passage efficiency of 50%).

The Assessment Report used standardized data and modelling approaches that
quantified the impacts of barriers and fish passage as significant in all three management
areas examined based on shad life history and habitat (New England, Mid-Atlantic, and
South Atlantic). The assessment determined that overall, dams completely or partly block
nearly 40% of the total habitat once used by American Shad. The model results of the “no
barriers” scenario yielded an estimated spawner production potential 1.7 times greater
than that yielded by the scenario assuming no passage at the first barrier: 72.8 million
versus 42.8 million fish. The results of the third model scenario, which applies “realistic”
(i.e., current) fish passage efficiencies, resulted in a gain of less than 3 million fish.
Conclusions include “losses in (spawner production) potential are significant in each state
and region.” The Assessment Report provides a strong justification for the need and
benefits of requiring improved fish passage performance measures. Additionally, meeting
such improved passage performance standards is now an achievable goal given the



current state of knowledge on fish behavior, swimming performance, and fish passage
engineering expertise.

1) Habitat Assessment

a) Spawning Habitat

Exeter River:

i)

Amount of historical in-river and estuarine spawning habitat:

The headwaters of the Exeter River are in Chester, NH and the river
flows approximately 75.7 rkm into Great Bay in Newfields, NH. The
current surface area of the Exeter River from headwaters to river mouth
is approximately 246.6 hectares. The tidal portion of the surface area
accounts for half of the total area (123.6 hectares). These surface
areas were calculated from current water levels and include
impoundments created by existing dams which would reduce total
surface area upon their removal.

Amount of currently accessible in-river and estuarine spawning habitat
(i.e., habitat accessible to adult fish during the upstream spawning
migration).

Anadromous fish, including American shad, currently have access to
approximately 38.1 rkm, which includes 10.2 rkm of tidal waters. The
freshwater access for American shad spawning area is the remaining
27.9 rkm and is bounded upriver by Crawley Falls in Brentwood, NH.
Currently access is available to 62.0 hectares of the freshwater
portion of the Exeter River, or approximately 25% of the total surface
area of the river.

Lamprey River:

i)

Amount of historical in-river and estuarine spawning habitat:

The headwaters of the Lamprey River are in Northwood, NH and the
river flows approximately 80.2 rkm into Great Bay in Newmarket, NH.
The current surface area of the Lamprey River from headwaters to river
mouth is approximately 255.7 hectares. The tidal portion of the surface
area accounts for 15% of the total area (38.1 hectares). These surface
areas were calculated from current water levels and include
impoundments created by existing dams which would reduce total
surface area upon their removal.



ii)  Amount of currently accessible in-river and estuarine spawning habitat
(i.e., habitat accessible to adult fish during the upstream spawning
migration).

Anadromous fish, including American shad, currently have access to
approximately 21.4 rkm, which includes 3.0 rkm of tidal waters until
reaching the Macallen Dam Fish Ladder in Newmarket, NH. The
freshwater access for American shad spawning area is the remaining
18.4 rkm and is bounded upriver by the Wadleigh Falls Dam site
(breached) in Lee, NH. Currently access is available to 68 hectares of
the freshwater portion of the Lamprey River, or approximately 31% of
the total surface area of the river.

b) Rearing Habitat
i)  Amount of historical in-river and estuarine young-of-year rearing
habitat (e.g., river kilometers, water surface area (hectares)).

In addition to the in-river spawning habitat for each of the rivers,
American shad have access to 2,494 .4 hectares of possible rearing
habitat in Great Bay Estuary. Below the estuary, the Piscataqua River
flows an additional 21.14 rkm to the Atlantic Ocean with a surface
area of approximately 2,106.3 hectares including Little Harbor.

i) Amount of currently utilized in-river and estuarine young-of-year
rearing habitat (i.e., habitat available to larval stage and young-of-year
fish through natural spawning or artificial stocking of hatchery reared
juvenile fish).

The amount of rearing habitat that is currently used is unknown, but
the amount of available rearing habitat is equal to the accessible
spawning habitat (see sections “a)”, part “i” above) within each river
plus the estuarine habitat identified (see sections “b)”, part “I” above).

2) Threats Assessment — Inventory and assess the critical threats to habitat quality,
quantity, access, and utilization (see - Appendix C for a detailed habitat description).
For those threats deemed by the state or jurisdiction to be of critical importance to
restoration or management of an American shad stock, the state or jurisdiction
should develop a threats assessment for inclusion in the Habitat Plan. Examples of
potential threats to habitat quality, quantity, and access for American shad stocks
include:

a) Barriers to migration inventory and assessment
i) Inventory of dams, as feasible, that impact migration and utilization of historic
stock (river) specific habitat. Attribute data for each dam should be captured
in an electronic database (e.g., spreadsheet) and include: name of dam,
purpose of the dam, owner, height, width, length, impoundment size, water



storage capacity, location (i.e., river name, state, town, distance from river
mouth, geo-reference coordinates), fish passage facilities and measures
implemented (i.e., fish passage type, capacity, effectiveness, and operational
measure such as directed spill to facilitate downstream passage), and
information source (e.q., state dam inventory).

1. Exeter River:

Description:

The Exeter River drains an area of 326 square km in southern NH. The river flows east
and north from the Town of Chester to the Town of Exeter. It empties into Great Bay
northeast of Exeter. The head-of-tide occurs at the Town of Exeter and the saltwater
portion of the river is called the Squamscott River.

There is one man-made barrier to American shad migration on the main stem Exeter
River. The Pickpocket Dam in Brentwood occurs at river kilometer 22.4 and is 4.6
meters high. The New Hampshire Fish & Game Department (NHFGD) constructed a
Denil fishway at the dam sometime around 1970 for anadromous fish. There is no
downstream fish passage facility on the dam so emigrating adult and juvenile shad must
pass over the spillway when river flows allow. The next barrier above Pickpocket Dam
is a natural waterfall at rkm 38.1.

Recommended Action:

Due to low shad numbers in the Exeter River, it is unknown how effective the
Pickpocket Dam fishway is at shad passage. With higher shad returns to the Pickpocket
Dam fishway, efficiency could be determined.

Regulatory Agencies/Contacts:
Dam Owners:
Pickpocket Dam:
The Town of Exeter, NH
Public Works Department
Jennifer R. Perry
13 Newfields Rd, Exeter, NH 03833

The Dam Bureau of the New Hampshire Department of Environmental Services
(NHDES) oversees the maintenance, construction, and operation of all dams in the
state.

NH Department of Environmental Services, Dam Bureau

James Gallagher

29 Hazen Dr, Concord, NH 03302-0095

The NHFGD owns and operates the fishway at Pickpocket Dam and facilitates
implementation, monitoring, and oversight of fish passage.

Current Action:



The fishway at the Pickpocket Dam is monitored daily from early April to late June
each year to allow for the passage of river herring, American shad, and other
diadromous fish to historical spawning and nursery areas. All shad passing through the
fishway are captured in the trap at the top, enumerated, and passed upstream by hand.
Biological samples consisting of length measurement, sex determination, and scale
samples used for age determination are attempted to be collected from each shad that
returns.

Goals/Target:

It is the goal of NHFGD to remove or provide passage around/over as many barriers to
the migration of anadromous fish in the Exeter River as possible to provide access to
historical spawning habitat. This requires the continued maintenance and operation of
the existing fish ladder and efforts to identify barriers further upstream where passage
may be provided through modification or restoration. Efforts should be made to
increase usage of the Pickpocket Dam fishway through river/fishway modifications or
complete dam removal which would allow any returning American shad access to
habitat upstream.

Timeline:

No timeline has been established for improving the usage of the fishway, but NHFGD
will continue monitoring the fishway and identified barriers to fish passage and will
work to increase the amount of spawning habitat available to anadromous fish in the
Exeter River.

Progress:

Both the former fishway at Great Dam (removed in 2016) and Pickpocket Dam have
been monitored since the early 1970’s. During the period 2010-2019 only two
American shad have returned to the Exeter River.

In addition, NHFGD continues to work to identify barriers to anadromous fish passage
within the Exeter River and work towards a resolution.

ITI. Lamprey River

Description:

The Lamprey River flows approximately 80 km through southern New Hampshire to
the Town of Newmarket where it becomes tidal and enters the Great Bay estuary just
north of the mouth of the Squamscott River. There are three potential man-made
barriers to American shad migration on the main stem of the river. The Macallen Dam,
located at rkm 3.8 in Newmarket, is the lowermost head-of-tide dam on the Lamprey
River, and has a standard denil fishway constructed by NHFGD between 1969 and
1970. There is no downstream passage facility at the Macallen Dam and emigrating
juveniles and adults must pass over the spillway. The Wiswall Dam is located 4.8 rkm
above the Macallen Dam at rtkm 8.6. A standard denil fishway and downstream notch
for emigration of juveniles and adults were constructed in 2012. A third potential
manmade barrier, Wadleigh Falls Dam (breached), occurs 12.4 rkm above Wiswall



Dam at rkm 21.4 and the ability/inability of passage by American shad at the site is
currently undetermined.

Recommended Action(s):

Determine success of American shad passage through the recently constructed standard
denil fish ladder at the Wiswall Dam and assess the ability of passage over the breached
Wadleigh Falls Dam If passage of anadromous fish, including American shad, is not
possible then efforts should be made to work with landowners and partner agencies to
allow fish to pass the barrier.

Due to low returns of American shad to the Lamprey River in recent years, it is
unknown if American shad currently reach the Wiswall dam and use the standard denil
fish ladder to continue upriver to the third potential barrier, Wadleigh Falls.

Regulatory Agencies/Contacts:
Dam Owners:
Macallen Dam:
The Town of Newmarket, NH
Newmarket Community Development Center
Rick Malasky
186 Main Street, Newmarket, NH 03857

Wiswall Dam:
The Town of Durham, NH
Public Works Department
Richard Reine or April Talon
100 Stone Quarry Drive, Durham, NH 03824

Wadleigh Falls Dam (breached):
Mr. Dodge
RR1, Rte 152, Lee, NH 03824

The Dam Bureau of the New Hampshire Department of Environmental Services
(NHDES) oversees the maintenance, construction, and operation of all dams in the
state.

NH Department of Environmental Services, Dam Bureau

James Gallagher

29 Hazen Dr, Concord, NH 03301

The NHFGD owns and operates the fishway at Macallen Dam and the Town of
Durham, NH owns the fishway at Wiswall Dam and NHFGD facilitates
implementation, monitoring, and oversight of fish passage.

Current Action:
The fishways at the Macallen and Wiswall Dams are monitored from early April to late
June each year to allow for the passage of river herring, American shad, and other



diadromous fish to historical spawning and nursery areas. All shad passing through the
Macallen fishway are captured in the trap at the top, enumerated, and passed upstream
by hand. Biological samples consisting of length measurement, sex determination, and
scale samples used for age determination are attempted to be collected from each shad
that returns. The fishway at Wiswall Dam is operated as a swim through with no trap
at the top.

Currently the Town of Newmarket is making modifications to increase the flood
capacity of Macallen Dam during large rain events. They are replacing the old flood
gate structure with pneumatic crest gates to increase spillway capacity. In addition, the
right side dam abutment has been elevated to decrease the flood risk to an adjacent
building.

Goals/Target:

It is the goal of NHFGD to remove or provide passage around/over as many barriers to
the migration of anadromous fish in the Lamprey River as possible to provide access
to historical spawning habitat. This requires the continued maintenance and operation
of existing fish ladders and efforts to identify barriers further upstream such as
Wadleigh Falls Dam (breached) where passage may be provided through modification
or restoration.

Timeline:

No timeline has been established, but NHFGD will continue monitoring the fishways
and identified barriers to fish passage and will work to increase the amount of spawning
habitat available to anadromous fish in the Lamprey River.

Progress:

The fishway at Macallen Dam has been monitored since the early 1970’s. Average
annual return of American shad to the Macallen Dam fishway from 2010-2019 is less
than one shad/yr. The Wiswall Dam fishway has been monitored since construction
completed in 2012 through volunteer counting efforts and NHFGD electronic fish
counters to estimate passage numbers and maintain ladder conditions conducive to fish
passage during the spring.

NHFGD conducted a radio tagging study with river herring in 2013 to determine the
passage success of river herring over the Wadleigh Falls Dam location (breached). The
study results confirmed that Wadleigh Falls is a barrier to the passage of river herring.
Unfortunately we are unable to determine if American shad can ascend Wadleigh Falls
due the lack of returning fish.

Inventory of other human—induced physical structures (e.g., stream
crossing/culverts), as feasible, that impact migration and utilization of historic
habitat (data on each structural impediment should include: type, source, and
location)-DATA CURRENTLY NOT AVAILABLE



i) Inventory of altered water quality (e.g., low oxygen zones) and quantity (e.q.,
regulated minimum flows that impact migration corridors and/or migration
cues), as feasible, impediments that impact migration and utilization of
historic habitat (data on each water quality and quantity impediment should
include: type, source, location, and extent). DATA CURRENTLY NOT
AVAILABLE

iv) Assess barriers to migration in the watershed and characterize potential
impact on American shad migration and utilization of historic habitat.

(See part “I” above)

Water withdrawals inventory and assessment — DATA CURRENTLY NOT
AVAILABLE

Toxic and thermal discharge inventory and assessment- DATA CURRRENTLY
NOT AVAILABLE

Channelization and dredging inventory and assessment- DATA CURRRENTLY
NOT AVAILABLE

Land use inventory and assessment- DATA CURRRENTLY NOT AVAILABLE
Atmospheric deposition assessment- DATA CURRRENTLY NOT AVAILABLE
Climate change assessment- DATA CURRRENTLY NOT AVAILABLE
Competition and predation by invasive and managed species assessment-
DATA CURRRENTLY NOT AVAILABLE



Table 1. Inventory of Dams on the Exeter and Lamprey Rivers

STATUS NH DAM |NATIONAL DAM DAM LOCATION
RIVER DAM NAME COUNTY TOWN TYPE STATUS DATE 1D ID LENGTH [ HEIGHT | BUILT | REBUILT LONG LAT River km
EXETER RIVER DAM | ROCKINGHAM |EXETER CONCRETE REMOVED 2016 82.01{NH00304 140 15 1914 1968| -70.944444 42.98111] 10.3
PICKPOCKET DAM ROCKINGHAM |BRENTWOOD |CONCRETE ACTIVE 2004 29.07|NH00294 230 15 1920 -71.001667| 42.96944 22.4
EXETER RIVER CRIB DAM ROCKINGHAM |BRENTWOOD |TIMBERCOMB |RUINS 1935 29.06| 110 12 -71.036944 42.98417 27.6)
JOHANON DAM ROCKINGHAM |BRENTWOOD |STONE/EARTH |RUINS 1935 29.05 60 10 -71.065| 42.9780¢| 315
o« [CRAWLEY FALLS DAM ROCKINGHAM |BRENTWOOD |TIMBERCOMB |RUINS 1972 29.04] 140 9 -71.072778 42.97778 32.2
g ROWE DAM ROCKINGHAM |BRENTWOOD |TIMBERCOMB |RUINS 1935 29.03] 80 8 -71.073889| 42.97639 32.5
Z EXETER RIVER DAM ROCKINGHAM |BRENTWOOD |CONCRETE ACTIVE 2007 29.01)NH00293 115 15 1900 -71.085833] 42.96917 34.0
E SCRIBNER ROAD DAM ROCKINGHAM |FREMONT CONCRETE ACTIVE 2003 89.02[NH01050 150 12 1963 -71.134167| 42.97694 40.7
& [EXETERRIVER ROCKINGHAM |FREMONT TIMBERCOMB |ACTIVE 1972 89.01{NH01876 70 7 -71.146389) 42.99167 43.0
FORDWAY BROOK DAM ROCKINGHAM |RAYMOND  |TIMBERCOMB |RUINS 0 201.1] 0 1 -71.195| 42.9905§ 49.9
EXETER RIVER IV DAM ROCKINGHAM |SANDOWN  |STONE/EARTH |RUINS 1935  212.04 125 12 -71.166667| 42.94861 62.7|
DENSEN POND DAM ROCKINGHAM |SANDOWN EARTH ACTIVE 1996] 212.03|NH03047 200 10|PRE 1935 -71.1725| 42.94804 63.3
EXETER RIVER I DAM ROCKINGHAM |SANDOWN  |STONE/EARTH |BREACHE( 1982  212.02 100 10| -71.176667| 42.94667 63.7]
EXETER RIVER | DAM ROCKINGHAM |SANDOWN EARTH/STONE |BREACHE( 1949  212.01 0 5 -71.209722] 42.93667 68.3
DEEP HOLE POND DAM ROCKINGHAM |CHESTER EARTH ACTIVE 2006 44.08(NH01003 150 15 1974 -71.2375| 42.94111 71.2
MACALLEN DAM ROCKINGHAM |NEWMARKET |CONCRETE ACTIVE 2003 177.01|NH00365 150 27 1887 -70.934722] 43.08111 3.0
WISWALL DAM STRAFFORD DURHAM CONCRETE ACTIVE 2005 71.04|NH00441 200 18 1911 -70.963333] 43.10389 8.6
« |WADLEIGH FALLS STRAFFORD LEE CONCRETE BREACHET] 1997] 135.02 300 13 -71.006667| 43.09139 21.4
§ LAMPREY RIVER POND DAM ROCKINGHAM |RAYMOND RUINS 1935 201.07 0 0 -71.167778 43.02833 48.1
f LAMPREY RIVER | DAM ROCKINGHAM |RAYMOND RUINS 1935 201.06 0 0 -71.2025| 43.04139 54.0
g LAMPREY RIVER HILL DAM ROCKINGHAM |DEERFIELD STONE/EARTH |RUINS 1935 61.06) 0 5 -71.230278 43.0825 61.5
<§( LAMPREY RIVER V DAM ROCKINGHAM |DEERFIELD STONE/EARTH |EXEMPT 1979 61.08)NH01656 125 2 -71.236944 43.09 62.6)
~  [LAMPREY RIVER ROBINSON DAM ROCKINGHAM |DEERFIELD RUINS 0 61.05 0 0 -71.229167| 43.13054 68.5
LAMPREY RIVER DOUBLE WALL DAM [ROCKINGHAM [DEERFIELD STONE/EARTH |RUINS 1934 61.04 0 12 -71.231111) 43.14083 70.1
LAMPREY RIVER MILL DAM ROCKINGHAM |DEERFIELD STONE/EARTH |RUINS 1934 61.03 0 15 -71.232222] 43.14167 70.2
FREESES POND DAM ROCKINGHAM |DEERFIELD CONCRETE ACTIVE 2001 61.02)NH00472 150 12.5 1987 -71.234444 43.15028 71.4
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Rearing Habitat for American Shad in the Exeter and Lamprey Rivers, NH
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