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1.0 INTRODUCTION

This constitutes the biological opinion (Opinion) of NOAA’s National Marine Fisheries Service
(NMFS) issued pursuant to Section 7 of the Endangered Species Act (ESA) of 1973, as
amended, on the effects of your (Federal Highway Administration (FHWA)) proposed
replacement of the Frank J. Wood Bridge, which carries Route 201 over the Androscoggin River
between Topsham and Brunswick, Maine. Maine Department of Transportation (MaineDOT) is
proposing the replacement; however, you are funding the project, and the project will require a
permit from the U.S. Army Corps of Engineers (USACE) under their Section 404 permitting
process. This Opinion is based on your November 2017 Biological Assessment (BA). That
analysis, along with scientific papers and other sources of information as cited in the references
section also helped form the basis of this Opinion. A complete administrative record of this
consultation will be kept at our NMFS Greater Atlantic Regional Fisheries Office.

20 ESA CONSULTATION HISTORY

Prior to your submission of the BA, our agencies took part in a series of pre-consultation
coordination meetings, inclusive of project site visits, conference calls, and in-person meetings
(Table 1). The existing Frank J. Wood Bridge is immediately downstream (approximately 115
m) of the Brunswick hydroelectric project, Project No. 2284 (owned by Brookfield Renewable
and licensed by the Federal Energy Regulation Commission (FERC)). Upstream passage at the
Brunswick hydroelectric project occurs via a vertical slot fishway located adjacent to the
powerhouse and on the western bank upstream of the bridge. At its closest point, the fishway is
less than 30 m from the existing bridge. For this reason, you considered passage at this facility
when evaluating direct and indirect effects of replacing the bridge on ESA-listed species and
critical habitat.

Table 1: Pre-Consultation Coordination Meetings

Date Participants Topic

5/12/2016 MaineDOT, MDMR?*, NMFS, | Natural resources
FHWA coordination meeting

9/16/2016 MaineDOT, NMFS, ACOE, Coordination meeting
Brookfield, FHWA

6/1/2017 MaineDOT, NMES, Coordination meeting
Brookfield

7/31/2017 MaineDOT, NMES, Coordination meeting
Brookfield, MDMR, FHWA

8/23/2017 MaineDOT, NMFS, FHWA Coordination meeting

8/29/2017 MaineDOT, NMFS, FHWA Coordination meeting

10/5/2017 MaineDOT, NMFS, FHWA Coordination meeting

*Maine Department of Marine Resources

A portion of the proposed bridge replacement falls within FERC’s Brunswick Hydroelectric
Project Boundary (No. 2284); however, in a December 12, 2017 email, you stated that through
coordination with FERC, you had confirmed that FERC has no approval authority over the
proposed bridge project, and therefore, no action as it relates to the project. You must coordinate



with the Project No. 2284 licensee, Brookfield Renewable, under the land use article of the
project’s license. In an email sent December 7, 2017, USACE agreed that you would be the lead
Federal action agency for ESA section 7 formal consultation.

In a June 2, 2017 letter, we provided preliminary comments on your March 10, 2017 analysis of
alternatives for repairing or replacing the bridge. Following subsequent coordination, you
identified a preferred alternative for the bridge replacement. On November 2, 2017, you
submitted a final draft of your BA and a letter requesting initiation of formal consultation.
Formal consultation regarding the replacement of the Frank J. Wood Bridge is appropriate as you
have determined the project is likely to adversely affect the endangered Gulf of Maine Distinct
Population Segment (GOM DPS) of Atlantic salmon, critical habitat designated for the GOM
DPS of Atlantic salmon, threatened GOM DPS of Atlantic sturgeon, critical habitat designated
for the GOM DPS of Atlantic sturgeon, and endangered shortnose sturgeon.

All information required to initiate formal section 7 consultation was included in your November 2,
2017 letter and BA, or is otherwise accessible for our consideration and reference; therefore, the date
of the November 2, 2017 correspondence served as the commencement of the formal
consultation process.

3.0 DESCRIPTION OF THE PROPOSED ACTION

MaineDOT proposes to construct a new bridge to replace the existing Frank J. Wood Bridge,
which carries US 201/ME 24 over the Androscoggin River between the Towns of Brunswick and
Topsham. After the new bridge is constructed, MaineDOT will remove the existing Frank J.
Wood Bridge.

3.1  Description of the Existing Bridge

The Frank J. Wood Bridge is an 85-year-old, 805-foot-long, three span steel through-truss bridge
with spans of 310°-310°-175" (Figure 1). Approximately 115 m upriver of the bridge sits the
Brunswick Hydroelectric Project (FERC No. 2284) which is owned and operated by Brookfield
Renewable. On the southern (Brunswick side) side of the bridge sits the 250th Anniversary Park
on the east and the Fort Andross Mill Complex (originally the Cabot Mill) on the west. The
Topsham approach features the Bowdoin Mill Complex (originally the Pejepscot Paper
Company) on the eastern side.



Figure : View of the xisting Frank J. Wood Bridge as seen from the upstream side and western
shoreline

The Frank J. Wood Bridge underwent rehabilitation efforts during 1985, 2006, and 2015.
MaineDOT has reported that it is a “fracture critical” structure, indicating it is vulnerable to
sudden collapse if certain components fail; in this case, the truss diagonal and bottom chord
members and their connections and the floor beams. Detailed inspections by MaineDOT in 2012,
June 2016 and August 2016 found a number of deteriorated areas. You have classified the bridge
as structurally deficient with superstructure and deck condition ratings of 4 out of 9 (poor
condition). The three truss spans are fracture critical, meaning that failure of certain steel tension
members could cause any of the three spans to collapse. Some of the steel truss bridge
components are fatigue sensitive, susceptible to cracking and fracture as a result of heavy cyclic
loading. The floor beams and stringers within the truss spans do not meet current design load or
MaineDOT legal load standards.

Due to the ongoing deterioration of the structural steel, MaineDOT has completed temporary
repairs to address the worst issues so the bridge can maintain its current load rating for up to five
years. However, MaineDOT is proposing to implement a long-term solution within the 5-year
timeframe this maintenance provides.

3.2 Description of the Proposed Replacement Bridge

MaineDOT announced the preferred alternative (i.e., bridge replacement with the new permanent
bridge placed on the upstream side of the existing bridge) for the Frank J. Wood Bridge project
on June 27, 2017. Final design is not complete and will not be complete until post ESA
consultation and post NEPA in accordance with 23 CFR 771.113.

3.2.1 Project Design
During the early phase of project development, MaineDOT considered five alternative designs
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including construction of a replacement structure located either upstream or downstream of the
existing Frank J. Wood Bridge, as well as rehabilitation of the existing structure. Many factors
were considered prior to selection of the preferred alternative, including the presence of and
potential impacts to federally endangered fish species (as well as other migratory fish species),
federally protected critical habitat, changes to the hydraulic conditions present within the river
channel associated with each proposed bridge alignment, and minimizing impacts to the
surrounding communities during construction.

On June 27, 2017, MaineDOT announced the preferred alternative (Alternative #2). The original
Alternative #2 design consisted of a new 254.5m (835-foot), five span, steel girder bridge with a
curved upstream alignment. Since the announcement of the preferred alternative, further
discussions with the resource agencies and other interested entities have resulted in further
refinement to the span arrangement of the preferred alternative. MaineDOT maodifications to the
originally proposed Alternative #2 include removal of a southern pier from the tailrace area. This
modification was made to minimize physical impacts to critical habitat designated under the
ESA and impacts to in-river flow patterns which may potentially impact the upstream fishway
associated with the Brunswick hydroelectric project. Additional information related to the
proposed alternative designs and the selection process is available online®.

3.2.2 Construction

A variety of methodologies will be employed to complete the preparation, construction, and
demolition activities associated with this project. MaineDOT anticipates construction of the new
Brunswick-Topsham Bridge to follow the presumed construction sequence described below.
Details of the equipment, techniques used, sequence and timing of construction will be
determined by the selected contractor. Although portions of the construction plan may change,
the effects described from the plan are not expected to change. If you find that certain
construction plan changes may result in effects not analyzed in this Opinion, reinitiating
consultation may be necessary. You have stated that contractors will conduct the work according
to their MaineDOT approved construction schedule and project submittals, and any adaptive
management decisions arrived at during construction.

The following list describes the anticipated project activities that will occur and the presumed
sequence of these activities. If any changes to this sequence of presumed construction activities
occur, MaineDOT will analyze the changes to determine if reinitiation of this consultation is
necessary.

1. Implement Soil Erosion and Water Pollution Control Plan (SEWPCP) plan that includes
approved erosion and sediment control plan and Spill Prevention, Control and
Countermeasures (SPCC) plan.

Clear vegetation for equipment access.

Mobilize construction equipment and materials.

Install access points for temporary trestle and new bridge abutments.

Install pile supported temporary work trestle.

a s~ wN

! Additional information related to proposed alternative designs for the Frank J. Wood Bridge project can be found
online at the Maine DOT website (http://www.maine.gov/mdot/env/frankjwood)
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6. Install cofferdam at southern abutment and the three bridge piers.
7. Construct abutments, wing walls, install riprap slope protection.
8. Construct in-river piers.

9. Remove cofferdams.

10. Install bridge superstructure.

11. Complete approach roadwork, open to traffic.

12. Remove superstructure of old Frank J. Wood Bridge.

13. Remove piers and abutments of old Frank J. Wood Bridge.

14. Remove temporary trestle.

15. Final site stabilization.

All elements of the project will be conducted in compliance with MaineDOT’s Standard
Specifications (MaineDOT 20142). The Standard Specifications is a textual compilation of
provisions and requirements for the performance of any MaineDOT work and includes general
Avoidance and Minimization Measures (AMMs). AMMs are measures that prevent or reduce the
impact of a project on listed species or habitats. AMMs can be precautionary, avoidance, or
protection procedures, such as timing restrictions or buffers around sensitive habitats and habitat
features that are important to listed species. In addition to following MaineDOT AMMs,
construction actions also include implementation of best management practices (BMPs). BMPs
are methods, facilities, build elements, and techniques implemented or installed during project
construction to prevent or reduce project impacts on natural resources, such as water quality,
soil, and animal habitats. AMMs and BMPs are measures that are considered part of the
proposed activity that will be implemented. Each description below is followed by, or references,
previous appropriate AMMs that address potential impacts from construction actions. AMMSs are
stated and numbered in order to ensure they can be clearly transferred to MaineDOT’s contract
process.

Table 2 provides a preliminary schedule of the proposed construction sequence in relation to the
in-water work window AMM. The conceptual schedule was developed to ensure that bridge
construction can occur within a specified timeframe and account for seasonal in-water work
windows to avoid potential species effects. The selected contractor will be required to submit
their proposed final schedule to MaineDOT prior to start of construction. Activities that include
potentially injurious noise levels (i.e., blasting, hydraulic rock breaker) will be confined to the
period from November 8 to March 15. You will make us aware of any proposed alterations of the
in-water work construction commitments to determine if the changes will require reinitiation of
consultation, whereas schedules for land-based or “in the dry “construction tasks that will not
affect ESA-listed species or critical habitat are subject to change. The proposed in-water work
window avoids the majority but not all of the sensitive spawning and migratory periods for listed
fish species expected to occur in the action area. Construction is proposed to begin on September
1, 2018 and last for approximately 801 days, finishing on March 23, 2021. The actual schedule
may vary, depending on work progress and contractor efficiency.

2 Source: Maine DOT (http://maine.gov/mdot/contractors/publications/standardspec/)
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Table 2: Proposed work schedule for Frank J. Wood Bridge replacement project

Construction Task e 2018 22 2020 T
Duration Start Finish |S O/N/D|J|FIM/AM[J|J|A|S|[O|/N[D|J[FIM|AIM|J|IJ|A|S|O|N|D|J|F M
Mobilize 1 day 9/1/18| 9/1/18 .
Construct Temporary Trestle 60 days 9/3/18| 11/10/18
Construct Cofferdams 20days |11/12/18| 12/4/18
Build Superstructure | 135days | 12/5/18| 5/10/19| |
Remove Cofferdams 5 days 9/2/19 9/6/19 -
Place Structural Steel . 60 days 9/4/19| 11/12/19 I i
Place &Cure Deck 150 days |11/13/19| 5/5/20
Remove Existing Superstructure 90 days 9/2/20| 12/15/20
Remove Existing Substructure 30 days 12/16/20| 1/19/21
Remove Temporary Trestle 30 days 2/17/21| 3/23/21

In-Water work window Aug 1 to March 15

3.3 In-Water Activity Descriptions and Related AMMSs

3.3.1 Implementation of SWEPCP Plan and Site Preparation

Prior to mobilization, MaineDOT requires contractors to complete and submit a Soil Erosion and
Water Pollution Control Plan (SEWPCP). The SEWPCP documents what practices and
management procedures will be used to prevent a discharge of sediment and pollutants. The
contractor will develop and submit the SEWPCP to the resident engineer overseeing the project.
The resident engineer will rely on support from the environmental office field representatives
from MaineDOT to review and approve the SEWPCP. Review of the SEWPCP and planning the
use of each BMP is a critical point of construction planning. The SEWPCP contains the
contractors proposed cofferdam locations, cofferdam materials, dirty water treatment design and
location, downstream flow maintenance plan, temporary soil erosions control methods, and the
SPCC Plan.

AMM 1- Contractors will submit a SEWPCP for review and approval of MaineDOT staff prior
to the start of work. The plan includes the review of the implementation of any AMMs
proposed.

On-site work begins with contractors installing the appropriate erosion control measures around
the perimeter of the land-based work areas and removing vegetation from the work areas. Work
areas will include the construction footprint surrounding both abutments of the new bridge,
project offices, and any associated equipment or materials staging area. Contractors use work
areas to preposition heavy machinery, stockpile new construction material, and transfer
demolition rubble from the old bridge.

AMM 2- Prior to soil disturbance, the erosion control portion of the SEWPCP will be reviewed
and in place.

3.3.2 In-water Work Window

MaineDOT staff collected site-specific resource information to develop appropriate time of year
restrictions for in-water activities with the potential to affect listed species in the action area.
Given the proximity of the bridge replacement to sensitive spawning and migratory habitat,
MaineDOT commits to an in-water work window defined by this species occurrence data (See
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Environmental Baseline - Section 5.0). Activities that include potentially injurious noise levels
may include hoe-ramming and rock-blasting.

AMM 3 - In-water work window. MaineDOT and FHWA commit to avoiding all activities that
could result in in-water noise that could result in fish disturbance (louder than 150 dB
re 1uPa RMS) and turbidity producing activities between March 16 and July 31.

3.3.3 Contaminant Releases

The risk for contaminants entering the Androscoggin River has the potential to increase slightly
during construction, possibly degrading habitat conditions. To avoid and minimize the potential
for introducing contaminants into the river during construction activities, MaineDOT will require
that all contractors follow AMM 4:

AMM 4 - No equipment, materials, or machinery shall be stored, cleaned, fueled, or repaired
within any wetland or watercourse; dumping of oil or other deleterious materials on
the ground will be forbidden; the contractor shall provide a means of catching,
retaining, and properly disposing of drained oil, removed oil filters, or other
deleterious material; and all oil spills shall be reported immediately to the
appropriate regulatory body.

Following proper spill prevention and control techniques make a spill on the project unlikely to
occur. These BMPs will reduce the likelihood of any contaminant releases into the river during
construction activities.

3.3.4 Construction of Temporary Work Trestle

In-water work will require installation of a temporary work trestle to facilitate construction while
avoiding disruption of traffic flow on the existing bridge during the project. The temporary work
trestle will support equipment used to construct the piers, erect steel girders, and construct the
concrete bridge deck. The proposed temporary trestle will extend from the access point on the
Topsham side to a point near the mid-channel of the lower portion of the tailrace and will sit on
the upstream side of the preferred alignment.

The method and design of the temporary work trestle access should minimize environmental
effects to the surrounding landscape. MaineDOT will require contractors to take precautions to
protect the stability of river bank that intersects with the work trestle to prevent degradation from
the construction access. Contractors will use utilize proper BMPs at the site according to the
approved SEWPCP and include proper planning, perimeter erosions controls, and daily
temporary stabilization measures.

Trestle construction will begin with the installation of a temporary access point from the
Topsham bank installed during the in-water work window. The access point footprint may
include up to 2,000 square feet (a 40-foot by 50-foot area) of temporary fill below the normal
high water line upstream from the new abutment. Fill will consist of non-erodible material,
appropriately sized to remain stable at high flows. Depending on the condition of the river banks
adjacent to the temporary work trestle, contractors may choose to install a temporary abutment
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fill retention structure to increase stability of the banks.

AMM 5- Contractors are required to install turbidity curtains around areas planned for in-
water fill associated with construction of the temporary trestle access point. All in-
water trestle construction will occur between August 1 and March 15. In-river (i.e.,
not the ponded/bedrock falls habitat on the Topsham side) trestle construction and
removal (~60 sg. ft. footprint) will occur between September 1 and March 15.

The proposed bridge replacement includes a span length of 79.2m (260 feet) stretching from the
southernmost pier to the abutment on the Brunswick side. Conversations with designers revealed
that the 79.2m bridge span length will require two specialized cranes to simultaneously lift the
longer beams. One crane will be deployed adjacent to the new abutment on the Brunswick side,
and a second crane will be placed on the temporary trestle over the lower portion of the tailrace.
Located on either end of the 79.2m span, the two cranes will perform a dual lift of the southern
span.

Construction of the temporary work trestle into the lower tailrace allows for the removal of the
southernmost pier associated with the original Alternative #2 design and results in a shift from
the permanent impacts associated with the construction and presence of the originally proposed
bridge pier to temporary impacts from the construction and short-term presence of the temporary
work trestle. Removal of the southernmost pier originally included in Alternative #2 also resulted
in the relocation of the southern (Brunswick) bridge abutment approximately 6.1m (20 feet)
closer to the river but still above the normal high water line.

AMM 6 — Removal of the fourth pier (leaving three in-water piers) from preliminary design to
avoid impacts to critical habitat as well as potential effects to fishway function.

The contractor will determine the number of piles needed to construct the temporary work trestle
(see example in Figure 2). Based on past experience, MaineDOT estimates the temporary work
trestle may require 13 bents (support sections) spaced 50 feet apart and consisting of up to 5 piles
per bent. The temporary work trestle could be up to 630 feet long to span from Topsham
shoreline to mid-channel of the tailrace. Due to the presence of bedrock substrate, driving the
piles associated with the temporary work trestle is not feasible. As a result, pile size restrictions
to reduce hydroacoustic effects are not proposed as a part of this project. Temporary trestle piles
may range from 24 to 48 inches in diameter. Installation of temporary trestle piles will result in
temporary in-water impacts of approximately 408 to 816 square feet of riverbed to the west of
the new alignment. Construction of the temporary work trestle is anticipated to take 60 days from
September 3, 2018 to November 10, 2018, within the in-water work window.

As driving piles for the temporary work trestle will not be an option because of the type of
substrate in the project area, the contractor will need to seek an alternative method to attach piles
to the exposed bedrock. On previous projects, MaineDOT has used several alternative pile
attachment methods for areas of bedrock substrate as described below.

1) Pinning piles to the bedrock. The pin is set by drilling into the bedrock, setting in the pin,
and applying grout to secure the pin into the drilled socket. The depth of the pin and size
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of the pin is determined by stability calculations. The drilling and pin setting occurs
inside of a pile that has been placed onto the bedrock. After the pin has been secured,
grout is placed into the pile to secure the pile to the pin.

2) Securing the piles to bedrock using a system with plates. Plates are attached to the
bedrock using divers, drills, and large bolts drilled into the ledge. Once the plate has been
secured, piles can be fastened to the plate and used to support the trestle.
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Figure 2: Example of a pile-supported temporary work trestle adjacent to a sheet pile cofferdam

3.3.5 Cofferdam Construction

Sheet pile cofferdams will be constructed around each of the three proposed in-water bridge piers
creating a mostly dry workspace by blocking river flow and tidal fluctuations from the work site
(Figure 3). Construction of the southern (Brunswick) abutment will also occur within a
cofferdam. Although the southern abutment is above the normal high water line, the area may
become inundated during high water events. Only the cofferdam for Pier 1 (labeled as cofferdam
2 in Figure 3) occurs in habitat currently accessible to sturgeon. Installation of the cofferdam will
prevent the potential flooding of the worksite during high flows. The four cofferdams will be
constructed during the in-water work window. Although the southern abutment cofferdam will
be constructed above the water line, the structure will be constructed during the in-water work
window to reduce potential noise impacts to the adjacent fishway. To complete construction of
all four cofferdams in a timely fashion during the in-water work window, the cofferdams may be
constructed concurrently.

AMM 7 - All four cofferdams shall be constructed and removed during the in-water work

window, between August 1 and March 15, with the exception of the cofferdam for Pier
1, which will occur between September 1 and March 15.
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Because the substrate in the project area is predominantly exposed bedrock, sheetpiles for
cofferdams cannot be driven into the substrate. The proximity of bedrock requires that sheet pile
cofferdams be cut to fit the contour of the bedrock and then placed (as opposed to driven) and
braced with internal structural supports. Contractors will pour a concrete seal at the base of the
cofferdam, providing a watertight workspace. Any in-river rock excavation will occur behind a
cofferdam.

Once the cofferdam enclosures are installed and braced, a portion of the ledge on the inside will
be cut away creating a level base on which to found the piers. Modification of the ledge may be
completed with a hydraulic breaker (or hoe ram). Hoe rams are the most common way of
removing bedrock. A hoe ram acts as a large jack hammer and breaks up rock by using a series
of short quick, strikes until a level surface is achieved. Dismantled portions of the bedrock are
bucketed from the cofferdam by excavator or crane and trucked off site.

== -
e

Figure 3: Schematic showihg broposed Ictins of cofferdams required for installation of new
Brunswick-Topsham Bridge

Alternatively, contractors may choose to set a small detonation to level the pier footprint.
Blasting has the advantage of being faster and possibly easier to mobilize into deep cofferdams.
If a controlled explosives technique is deemed necessary to level bedrock base of the piers, a
plan will be submitted to us (NMFS) at least 150 days prior to the proposed timing of work. The
blast plan will establish the expected pressure levels, the proposed timing, and minimization
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measures. No blasting will be conducted outside of the November 8 to March 15 time window.
No blasting will occur before we review and approve the blast plan.

AMM 8- Bedrock leveling and substructure removal using hydraulic breakers (or hoe rams),
blasting, or other methods generating underwater noise above 150 dB RMS will occur
from November 8 to March 15.

AMM 9- Plans for any project-related blasting will be submitted with 150 days for NOAA to
review, will not occur outside of the in-water work window (August 1 to March 15),
and will be designed to remain below potential fish injury limits (206 dB Peak (2.89
PSI)).

AMM 10- Any blasting activities between November 8 and November 30 will incorporate the
following minimization measures to reduce potential impacts to adult Atlantic salmon
which may still be present in the area:

e Active acoustic monitoring of the action area for any tagged fish potentially
present in the Androscoggin River.

e Minimize charge sizes and the number of days of exposure to blasting.

e Deploy scare charges prior to the main blast.

e Conduct visual inspection of the action area post-blast to document any impacts
to fish.

Once final bedrock elevations within each cofferdam enclosure are achieved, contractors will
apply sandbags and/or tremie poured concrete seals around the inside base of the cofferdams to
create a dry workspace for pier construction. Concrete used to seal the base of the cofferdams
will increase water pH but will be mostly contained inside of the cofferdam. A portion of the
higher pH water from inside the cofferdam structures will leak out into the Androscoggin River
during installation of the concrete seal. While it is impossible to quantify the amount of elevated
pH water leaking from the cofferdam, it is presumed to be significantly less than 1% of the river
flow and will be quickly neutralized in the surrounding river current with no effect on the overall
pH in the Androscoggin River.

Three of the four proposed cofferdams are below the high-water line and will be “wetted”. Of the
three wetted cofferdams, the area of each of the concrete cofferdam seals ranges from
approximately 1,500 square feet to 2,000 square feet, with an anticipated overall sealed
cofferdam footprint of approximately 5,000 square feet.

AMM 11- Fresh concrete will be poured inside of cofferdams and will not come into contact
with flowing water.

To avoid any fish stranding during dewatering of the cofferdam structures or potential exposure
to elevated pH within the cofferdam structures during concrete pouring, MaineDOT (or approved
consultants) will survey inside the cofferdams to capture and remove any individual fish prior to
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dewatering and application of concrete seals. If Atlantic salmon or any sturgeon species are
observed during cofferdam construction, all activities shall cease and MaineDOT wiill
immediately contact us.

AMM 12- MaineDOT will deploy a diver into the cofferdams to visually search for endangered
fish species. Should a salmon or sturgeon be observed within a cofferdam structure,
MaineDOT will coordinate with the resource agencies for evacuation of those
individuals prior to proceeding with construction.

Once the cofferdams have been verified to contain no listed fish species and the concrete seal is
poured and cured, contractors will install water pumps inside the cofferdam to pump out any
water seeping through the structure. Pumps will run intermittently for the entire duration of the
pier construction process to remove any water that leaks into the cofferdam.

AMM 13- Water pumped out of the cofferdam will be within one pH unit of background
(MaineDOT standard specifications). A representative of the MaineDOT Surface
Water Quality Unit will periodically evaluate pH to determine whether the water is
within the allowable tolerance to be pumped directly back into the river or whether it
needs to be treated prior to discharge.

3.3.6  Pier Construction and Cofferdam Removal

Once the cofferdams are sealed and pumped dry, construction of the bridge piers will begin.
Bridge piers will be constructed of solid shaft reinforced concrete supported on concrete seals
founded on ledge. All preparation of rock inside the cofferdams will take place during the in-
water work window to avoid impacts to listed species (AMM 8). Forms for the piers will be built
inside of each cofferdam. Steel rebar is placed into the forms and fastened together. Concrete is
then poured around the rebar, vibrated, and left to cure. This process occurs in stages until the
pier reaches the design height. Because the forms will be inside the dry, isolated cofferdam, no
uncured cement will be introduced into the river. Preliminary construction timelines estimate 135
days to build the substructure, beginning in early December to mid-May (Table 2).

The cofferdams will be removed in early September, once the pier concrete has cured and all
necessary in-the-dry work is completed. First, any sandbags used to seal the base of the
cofferdam will be removed by hand or by an excavator. Internal bracing will be removed from
the cofferdam. The concrete seal will be broken when the first sheet is removed with a vibratory
extractor (hammer) and the cofferdam enclosure will be allowed to fill with water. A vibratory
extractor will remove each of the remaining sheets.

3.3.7 Abutment Construction

The new bridge includes a deep cantilevered concrete abutment on the Brunswick side and
stubbed cantilevered concrete abutment on the Topsham side. Both abutments will be supported
on concrete sub-footings founded on ledge. The abutment designs have been optimized to reduce
the overall footprint of the required foundation. Between the abutments and river will be
1.75H:1V riprapped slopes to minimize wetland impacts. The north (Topsham) abutment will be
constructed above the normal high water line in the dry and will not require a cofferdam to
isolate the construction area. The southern (Brunswick) abutment will also be constructed in the
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dry, but the slope and proximity to the waterline may require installation of a cofferdam to
stabilize the downslope during construction as well as protecting the construction site during
high water events. As stated above for the pier construction section, a limited amount of blasting
may be required to remove bedrock material to achieve the required elevation for abutment
footings. Work on the southern abutment will adhere to AMMs 8 through 10 to reduce noise
levels in adjacent habitat during the in-water work window.

3.3.8 Bridge Superstructure Construction

The bridge superstructure (girder spans, stringers, deck, railings, and wearing surface) will be
built once the concrete piers and abutments are completed. Contractors will be required to ensure
no construction materials are spilled into the water during superstructure construction.

The northernmost bridge spans can be lifted by a single crane stationed on the adjacent
temporary work trestle. However, the construction of the 260-foot span between the Brunswick
abutment and pier 1 will be challenging from a construction standpoint. As described above,
large cranes and an extension of the temporary work trestle will be required to complete the dual
crane lift. After the bridge stringers are lifted into place, contractors will form the concrete
bridge deck, apply surface treatments, and install sidewalks and lighting.

3.3.9 Demolition of Existing Bridge

Once construction of the new bridge is complete, traffic will be shifted to the new alignment and
demolition of the Frank J. Wood bridge will begin. All in-water demolition work will occur
within the in-water work window (Table 2). The superstructure of the existing bridge will be
completely removed. The north abutment will be removed to finished grade and the Brunswick
abutment will remain in place (MaineDOT 2015). The abutment sites will be stabilized
according to the Maine DOT BMPs following their removal. The existing pier nearest the
Topsham shore will also remain in place. Results from a hydraulic analysis indicated that
removing the pier would leave downstream structures vulnerable during flood stage flows;
therefore, the pier will remain in place as a hydraulic buffer for the structures during high flows.
The old bridge superstructure (bridge deck and truss members) is expected to be removed by the
traditional wrecking method, which utilizes a crane-mounted wrecking ball, hydraulic hammers,
or jackhammers to pound, break, and tear the concrete and steel reinforcing apart (Oviatt and
Archibald 2000). The pieces may also be cut with a torch or large mechanical snips into sizes
that can be managed by excavators and placed into trucks to be removed from the site. The
pieces of the old bridge deck would then be lifted and removed using a crane on a barge to load a
vehicle for offsite disposal.

AMM 14 - Superstructure demolition debris will be contained using control devices and cannot
enter the water.

Demolition of the existing pier nearest the Brunswick shore (also known as the center pier) will
likely be completed from a barge. Contractors may choose to use a hydraulic breaker or blast the
structure to rubble. Inspection of the center pier revealed a deteriorated condition that will
fracture easily when detonated. If blasting is deemed necessary, a blasting plan will be submitted
to us at least 150 days prior to blasting (see AMMs 8 — 10). Contractors will use an excavator to
remove pier debris from the river bottom. MaineDOT anticipates up to 2 to 4 weeks for the
demolition of the pier.
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AMM 15 — The existing pier structure will be removed down to the underlying bedrock and
debris from the structure will be removed from the river to restore potential natural
spawning substrate for sturgeon species.

3.3.10 Post-Project Restoration

Post-project site restoration activities at the Brunswick —Topsham Bridge will include re-grading
and restoring staging areas and re-vegetating disturbed areas to prevent sedimentation and
siltation in the river. All MaineDOT construction project contracts are required to be in
accordance with the most recent version of the MaineDOT Standard Specifications. All
construction project contracts require that contractors prepare and submit a SEWPCP (See
Section 2.3.1) that must be approved by MaineDOT and is enforced as a contractual agreement.
This SEWPCP is prepared and performed in accordance with the most recent version of the
MaineDOT Best Management Practices for Erosion and Sedimentation Control (MaineDOT
2008). Section 11D: Guidance for Sensitive Water Bodies of the BMP Manual specifies under
what conditions a project will be designated as a Sensitive project. Criteria include: state or
federal designation of the water bodies, project scope of work, proximity of the project to the
water body, etc. This project is considered sensitive due to the potential presence of endangered
and threatened species and their critical habitat. A representative of the MaineDOT Surface
Water Quality Unit will be assigned to the bridge replacement construction project. Prior to
construction, this MaineDOT representative will provide a contract Special Provision that
identifies additional project-specific requirements to be addressed in the SEWPCP.

3.2.11 Removal of Temporary Work Trestle

As explained above, the temporary work trestle may be attached to bedrock using several
methods. If plates are attached to bedrock with large anchors they will be removed by unbolting
or cutting the bolts flush at the attachment points. Alternatively, piles that are pinned into the
ledge will be freed and pins will be cut flush with the surrounding substrate. Removal of bolted
or pinned trestles may require boats and divers to unbolt, or cut trestle connections to the
bedrock. Excavators will stabilize the piles while they are cut free and will lift the piles from the
attachment points. Once the piles are removed the remaining pins or bolts will be cut or ground
flush with the bedrock.

Once the temporary trestle is dismantled, contractors will remove the temporary in-water fill
used on the Topsham approach of the trestle. Materials will be removed during the in-water work
window and the area restored to existing substrate elevation.

3.3.12 Vessel Use

The contractor is likely to use some vessels to support in-water work during construction. During
the installation of the cofferdams and the temporary trestle, most of the work will be completed
from the temporary work trestle. However, divers may be used for portions of that construction,
including inspection, placement of temporary trestle attachment points, and removal of trestle
pins during trestle removal. Divers may require boat access to construction sites using ‘work
boats’ that are approximately 20 feet long with outboard motors that draft between 2 and 3 feet.
Use of these boats would be sporadic and could range three or four trips per day to the
construction site from a downstream boat landing (~ 0.75 miles downstream) to no boat traffic
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for weeks during construction. It not anticipated that larger vessels or an increased frequency of
trips beyond the suspected maximum of three to four per day will occur during construction. The
high velocity water and dangerous conditions make boat access problematic and unlikely.

A construction barge may be used during the demolition of the existing pier. Typical barge sizes
range from 6,000 to 9,600 square feet (150 X 40’ to 160’ X 60°) with an approximately ~4 foot
draw. The barge used during construction and demolition is at the discretion of the selected
contractor. The barge would be pushed into the work area with a tug boat and provide a work
platform for construction equipment during the removal of the existing center pier and collection
of the demolition debris.

AMM 16- Construction crews will visually monitor for ESA-listed fish in equipment and on
barges and report any sightings to MaineDOT environmental staff.

AMM 17 - Vessels will travel at ““slow speeds, typically less than 6 knots” (6.9 miles per hour)
in the construction zone.

3.3.13 Summary of AMMs
For ease of reference, we have an included a summary of all of you proposed AMMs below, as
well as in Appendix A:

Table 3: Summary of Avoidance and Minimization Measure (AMMs)

Avoidance and Description of AMM
Minimization

Measure (AMMs)
Soil Erosion and Water Pollution Control Plan (SEWPCP)
1 Contractors will submit a SEWPCP for review and approval of

MaineDOT staff prior to the start of work. The plan includes the review
of the implementation of any AMMSs proposed.

2 Prior to soil disturbance, the erosion control portion of the SEWPCP
will be reviewed and in place.

In-water Work Window

3 In-water work window. MaineDOT and FHWA commit to avoiding all
activities that could result in in-water noise that could result in fish
disturbance (louder than 150 dB RMS) and turbidity producing
activities between March 16 and July 31.

Contaminant Releases

4 No equipment, materials, or machinery shall be stored, cleaned, fueled,
or repaired within any wetland or watercourse; dumping of oil or other
deleterious materials on the ground will be forbidden; the contractor

shall provide a means of catching, retaining, and properly disposing of
drained oil, removed oil filters, or other deleterious material; and all oil
spills shall be reported immediately to the appropriate regulatory body.

Construction of Temporary Work Trestle

5 Contractors are required to install turbidity curtains around areas
planned for in-water fill associated with construction of the temporary
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trestle access point. All in-water trestle construction will occur between
August 1 and March 15. In-river (i.e., not the ponded/bedrock falls
habitat on the Topsham side) trestle construction and removal (~60 sg.
ft footprint) will occur between September 1 and March 15.

Removal of the fourth pier (leaving three in-water piers) from
preliminary design to avoid impacts to critical habitat as well as
potential effects to fishway function.

In-Water Pier and Cofferdam Construction

7

All four cofferdams shall be constructed and removed during the in-
water work window, between August 1 and March 15, with the
exception of the cofferdam for Pier 1, which will occur between
September 1 and March 15.

Bedrock leveling and substructure removal using hydraulic breakers (or
hoe rams), blasting, or other methods generating underwater noise
above 150 dB RMS will occur from November 8 to March 15.

Plans for any project-related blasting will be submitted with 150 days
for NOAA to review and will be designed to remain below potential fish
injury limits (206 dB Peak (2.89 PSI)).

10

Any blasting activities between November 8 and November 30 will
incorporate the following minimization measures to reduce potential
impacts to adult Atlantic salmon which may still be present in the area:
. Active acoustic monitoring of the action area for any tagged
fish potentially present in the Androscoggin River.
. Minimize charge sizes and the number of days of exposure
to blasting.
. Deploy scare charges prior to the main blast.
. Conduct visual inspection of the action area post-blast to
document any impacts to fish.

11

Fresh concrete will be poured inside of cofferdams and will not come
into contact with flowing water.

12

MaineDOT will deploy a diver into the cofferdams to visually search for
endangered fish species. Should a salmon or sturgeon be observed
within a cofferdam structure, MaineDOT will coordinate with the
resource agencies for evacuation of those individuals prior to
proceeding with construction.

13

Water pumped out of the cofferdam will be within one pH unit of
background (MaineDOT standard specifications). A representative of
the MaineDOT Surface Water Quality Unit will periodically evaluate
pH to determine whether the water is within the allowable tolerance to
be pumped directly back into the river or whether it needs to be treated
prior to discharge.

Demolition of Existing Bridge

14 Superstructure demolition debris will be contained using control devices
and cannot enter the water.
15 The existing pier structure will be removed down to the underlying

bedrock and debris from the structure will be removed from the river to

22




| restore potential natural spawning substrate for sturgeon species.

Vessel Use

16 Construction crews will visually monitor for ESA-listed fish in
equipment and on barges and report any sightings to MaineDOT
environmental staff.

17 Vessels will travel at “slow speeds, typically less than 6 knots” (6.9
miles per hour) in the construction zone.

3.4  Action Area

3.4.1 Defining the Action Area

The action area is defined as “all areas to be affected directly or indirectly by the Federal action
and not merely the immediate area (project area) involved in the proposed action” (50 CFR
402.02). The action area for this consultation includes the area affected by both construction of
the new bridge and removal of the Frank J. Wood Bridge and abutments, inclusive of underwater
noise, sedimentation and turbidity, construction related boat traffic, and temporary and
permanent habitat modification.

Considering the point where the Androscoggin River meets Merrymeeting Bay as river kilometer
(rkm) 0, the bridge replacement construction site occurs at approximately rkm 8.4 (Wippelhauser
and Squiers 2015). You have stated that construction related vessel traffic will originate at the
public boat landing approximately 1.2 rkm (0.75 miles) downriver at rkm 7.2. Therefore, the
action area will extend along vessel transit routes from rkm 7.2 to 8.4. The action area will also
encompass the effects of in water construction. Blasting effects will be limited to an area with a
radius of 152m (500 feet) around the detonation sites. We expect the effects of rock breaking
activity with a hoe ram to be limited to a 72m (236-foot) radius around the locations of the three
in-water bridge piers. Because of the substrate in the construction area (i.e., predominantly
bedrock and cobble), sediment plumes are not generally expected. However, as a precautionary
measure, turbidity curtains will be employed (AMMS5) around temporary trestle construction
areas. Hoe ram and pier construction work will occur within cofferdams that have been pinned to
the bedrock and sealed with concrete. Lastly, the action area includes areas impacted by
temporary and permanent habitat modification:

e The river area temporarily isolated within cofferdams during construction. An estimated
5,000 ft2 will be encompassed by the three cofferdams installed for pier construction (Pier
1 =~2000ft?, Pier 2 = ~ 1,500 ft2, Pier 3 = ~1,500 ft?).

e The river area occupied by the 630 foot long temporary work trestle which will require
approximately 65 temporary trestle piles (ranging in size from 24 to 48 inches) resulting
in ~800 ft2 of temporarily impacted aquatic substrate.

e The river area to be permanently affected by new pier structures (i.e., 2,500 ft? of habitat
in the ponded and bedrock falls area not accessible to sturgeon and 900 ft? of habitat
within the main river channel), the river area to be affected by removal of current
structures (i.e., 800 ft? of habitat presently occupied by the existing center pier) and the
final net loss of in-river habitat of approximately 100 ft2.

The upstream and downstream boundaries of the action area have been defined based on
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activities with the greatest reach upstream and downstream of the in-water work location. This
corresponds to points roughly 152m (500 feet) upstream and downstream of the project area
based on the extent of ensonification from the loudest potential activity (blasting)(Figure 4).

Shad Island

i i ¥ Google

Figure 4: Boundaries of the action ra (500 feet) for the Brunswick-Topsham Bridg project on
the Androscoggin River showing the existing and proposed structures, as provided by
MaineDOT in the BA

To estimate the total area of the action area, we used the map notes area feature in ArcGIS
Online to create an approximation of the polygon in Figure 4 (~13.8 acres), and added a vessel
traffic lane with an approximately 200-foot buffer to the public boat launch site (~13.6 acres).
Therefore, the entire action area covers approximately 27.4 acres (Figure 5).
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Figure 5: NOAA Fisheries approximation of the action area, including vessel transit lane to
public boat launch

For a more detailed description of the physical aquatic habitat and biota present within this
section of the Androscoggin River see Section 5.0 (Environmental Baseline) of this document.

3.4.2 Habitat in the Action Area

The Androscoggin River is 162 miles long and runs from Umbagog Lake in northeast New
Hampshire to Merrymeeting Bay where it meets the Kennebec River. The Androscoggin River
watershed drains 3,450 square miles of rolling hills dominated by industrial forest, with
floodplains used for both historic and modern agricultural. The habitat in the action area is
greatly influenced by the flow regime orchestrated by the operation of upstream dams.
Therefore, we find it useful to include an overview of these factors and how they influence the
water levels, velocities, quality, and substrate below the Brunswick Dam surrounding the
existing and proposed bridge structures.

On the Androscoggin River, upstream headwater storage projects including Mooselookmeguntic
Lake (Upper Dam), Richardson Lake (Middle Dam) (FERC No. 11834), and Aziscohos Lake
(FERC No. 4026), regulate river flow in the Androscoggin River in order to provide a more
consistent flow in the summer months. These dams have been in place dating back into the
1800s. Peak flows typically occur in the spring because of snowmelt and rainfall, with April
having the highest monthly average flows and August having the lowest monthly average flow.

There are 10 major hydropower facilities along the Androscoggin River. The Brunswick Project
is the lowest of the 10 dams on the Androscoggin River and is located immediate upstream of the
Frank J. Wood Bridge at the head of tide. The dam and powerhouse span the Androscoggin at a
site originally known as Brunswick Falls. Historically, Brunswick Falls extended across the
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width of the river and was the upstream extent of the range for both shortnose and Atlantic
sturgeon, although the falls were passable for other migratory fish species (Houston et al. 2007).
During construction of the dam, builders excavated an approximately 20-foot deep, 150-foot
wide section of Brunswick Falls to form the 500-foot long tailrace below the powerhouse on
river right. The remaining portion of Brunswick Falls remains intact on river left, forming a
ponded area. A 21-foot concrete wall and sections of concrete caps filling the low spots and
preventing fish from moving into the pond during moderate to low flows enhanced the natural
bedrock perimeter of the pond. Below the larger ponded area, a series of ledge ridges create
small step pools that carry water from the pond into the main channel below.

The Brunswick Project includes a 300-acre reservoir; a 605-foot long and 40-foot high concrete
gravity dam; a gate section containing two Taintor gates and an emergency spillway; and a
powerhouse and intake. The Brunswick Project also has vertical slot fishway (located adjacent to
the powerhouse and on the western bank), a 21-foot high fish barrier wall between the dam and
Shad Island, and a three foot high by 20-foot long concrete fish barrier weir across Granney Hole
Stream in Topsham. The concrete gravity dam consists of two ogee overflow spillway sections
separated by a pier and barrier wall. The right spillway section, about 128-foot long, is topped
with wooden flashboards that are 2.6 feet high. The left section does not have flashboards. The
intake structure and powerhouse are integral with the dam and located adjacent to the Brunswick
shoreline. The powerhouse contains three vertical propeller turbine generators. Unit | has a
hydraulic capacity of 4,400 cfs, and units 2 and 3 have a hydraulic capacity of 1,200 cfs.

The Androscoggin River discharges through the Brunswick Dam at several points including, the
tailrace on the Brunswick side, the flood gates on the Topsham side, and the mid-channel
spillway. The various release points depend on several factors including water levels, turbine
maintenance, or management agreements with regulatory agencies. At lower flows, the majority
of water flows through the powerhouse into the tailrace. During times of increased flows, or
scheduled maintenance, water may flow over the spillway, or through opened flood gates.

Given these various discharge points, velocities under the existing and proposed bridge vary
depending on the stage of river flow and which release points are flowing. At the lowest flows,
the ponded area may be nearly stagnant and the majority of flow moves through the powerhouse
and tailrace. River velocities patterns change during moderate and high flows. At increased
flows, water may discharge into the river over the spillway causing flow through the pond,
potentially allowing downstream fish passage for salmon through the ponded area. Also, at high
flows, salmon may have temporary access into the ponded area from the main channel below the
dam (flows would likely be too high for adult sturgeon); however, no upstream passage from the
ponded area is possible. At the highest flows, the flood gates on the Topsham side open causing
increased flows and higher velocity through the left side of the river. At normal flows, velocities
in the tailrace range from approximately 6.0 to 8.0 feet per second.

The channel topography is highly variable and significantly influences the flow. Below the
Brunswick Dam, the flow splits into two channels then flowing together under the Frank J.
Wood Bridge. Substrate in the river below the Frank J Wood Bridge is less scoured by high
velocities and diversifies into hard bottom boulder and cobble substrate with pockets of sand.
The dominant flow channel moves water through the powerhouse and downstream tailrace.
Substrate within the tailrace is scoured ledge. On the Brunswick side of the channel depth ranges
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from 15 feet to 20 feet deep. On the Topsham side, the ponded portion of the channel ranges
from five feet deep along the edges to 20 feet deep directly upstream of the bedrock ridge at the
lower end of the pond. While most of the action area between the boat launch and the project site
is within the deeper portions of the channel, indirect effects from underwater noise and turbidity,
as well as the boat launch itself, extend into shallow portions of the riverbanks (see Figure 5).
The Frank J Wood Bridge is located approximately 200 feet upstream of the narrowest point of
the river downstream of the Brunswick Dam. Both shores are bounded by ledge outcroppings,
and there is a small ledge island approximately 100 feet downstream from the existing bridge.

At increased flows, water discharges over the spillway and flood gates causing flow through the
pond on the river left side of the channel. Higher flows form a channel of increased flow through
deeper sections of the pond, spilling over the bedrock ridge. At normal flows, velocities in the
pond range from 2.0 feet per second along the edges of the pond to 10.0 feet per second through
the center of the pond. During low flows, the pond remains somewhat stagnant.

4.0 STATUS OF LISTED SPECIES AND CRITICAL HABITAT IN THE ACTION
AREA

We have determined that the action being considered in this biological opinion may affect the
following endangered or threatened species and critical habitat under our jurisdiction (Table 4):

Table 4: ESA-listed species and critical habitat in the action area

ESA-Listed Latin Name Distinct Federal Recovery Plan
Species Population Register (FR)
Segment (DPS) | Citation

Atlantic Salmon | Salmo salar Gulf of Maine 74 FR 29344 | Draft Recovery
plan: NMFS &
USFWS 2016

Atlantic Acipenser Gulf of Maine 77 FR 5880 N/A

Sturgeon oxyrinchus

oxyrinchus

Shortnose Acipenser Range-wide 32 FR 4001 NMFS 1998

Sturgeon brevirostrum

Designated Latin Name Distinct Federal Recovery or River

Critical Habitat Population Register (FR) | Unit

(species) Segment (DPS) | Citation

Atlantic Salmon | Salmo salar Gulf of Maine 74 FR 29300 | Merrymeeting Bay
Salmon Habitat
Recovery Unit

Atlantic Acipenser Gulf of Maine 82 FR 39160 | Androscoggin

Sturgeon oxyrinchus River Unit

oxyrinchus
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This section will focus on the status of the species and critical habitat within the action area,
summarizing information necessary to establish the environmental baseline and to assess the
effects of the proposed action.

4.1  Atlantic Salmon (Gulf of Maine DPS)

The GOM DPS of anadromous Atlantic salmon was initially listed by USFWS and us
(collectively, the Services) as an endangered species on November 17, 2000 (65 FR 69459). A
subsequent rule issued by the Services (74 FR 29344, June 19, 2009) expanded the geographic
range for the GOM DPS of Atlantic salmon. The GOM DPS of Atlantic salmon is defined as all
anadromous Atlantic salmon whose freshwater range occurs in the watersheds from the
Androscoggin River northward along the Maine coast to the Dennys River, and wherever these
fish occur in the estuarine and marine environment. The marine range of the GOM DPS extends
from the Gulf of Maine, throughout the Northwest Atlantic Ocean, to the coast of Greenland.
Included in the GOM DPS are all associated conservation hatchery populations used to
supplement these natural populations; currently, such conservation hatchery populations are
maintained at Green Lake National Fish Hatchery (GLNFH) and Craig Brook National Fish
Hatcheries (CBNFH), both operated by the USFWS, as well as private watershed-based facilities
(Downeast Salmon Federation’s East Machias and Pleasant River facilities). Excluded from the
GOM DPS are landlocked Atlantic salmon and those salmon raised in commercial hatcheries for
the aquaculture industry (74 FR 29344, June 19, 2009).

Coincident with the June 19, 2009 endangered listing, we designated critical habitat for the GOM
DPS of Atlantic salmon (74 FR 29300; June 19, 2009). The final rule was revised on August 10,
2009. In this revision, designated critical habitat for the expanded GOM DPS of Atlantic salmon
was reduced to exclude trust and fee holdings of the Penobscot Indian Nation and a table was
corrected (74 FR 39003; August 10, 2009).

4.1.1 Life History

Atlantic salmon spend most of its adult life in the ocean and returns to freshwater to reproduce.
Atlantic salmon have a complex life history that includes territorial rearing in rivers to extensive
feeding migrations on the high seas (Figure 6). During their life cycle, Atlantic salmon go
through several distinct phases that are identified by specific changes in behavior, physiology,
morphology, and habitat requirements.

Spawning

Adult Atlantic salmon return to rivers in Maine from the Atlantic Ocean and migrate to their
natal streams to spawn. Although spawning does not occur until late fall, the majority of Atlantic
salmon in Maine enter freshwater between May and mid-July (Meister 1958; Baum 1997), but
may enter at any time between early spring and late summer. Early migration is an adaptive trait
that ensures adults have sufficient time to reach spawning areas (Bjornn and Reiser 1991).
Salmon that return in early spring spend nearly five months in the river before spawning, often
seeking cool water refuge (e.g., deep pools, springs, and mouths of smaller tributaries) during the
summer months.
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From mid-October to mid-November, adult females select sites in rivers and streams for
spawning. Spawning sites are positioned within flowing water, particularly where upwelling of
groundwater occurs, allowing for percolation of water through the gravel (Danie et al.1984).
These sites are most often positioned at the head of a riffle (Beland et al. 1982), the tail of a pool,
or the upstream edge of a gravel bar where water depth is decreasing and water velocity is
increasing (McLaughlin and Knight 1987; White 1942). The female salmon creates an egg pit
(redd) by digging into the substrate with her tail and then deposits eggs while male salmon
release sperm to fertilize the eggs. After spawning, the female continues digging upstream of the
last deposition site, burying the fertilized eggs with clean gravel. Females produce a total of
1,500 to 1,800 eggs per kilogram of body weight, yielding an average of 7,500 eggs per two sea-
winter (SW) female (an adult female that has spent two winters at sea before returning to spawn)
(Baum and Meister 1971). After spawning, male and female Atlantic salmon either return to sea
immediately or remain in fresh water until the following spring before returning to the sea (Fay
et al. 2006).

7 \ s . Fry quickly develop into pawr with camouflaging
Three to siz weeks after hatching, / Par -, 1 wertical stripes. They feed and grow for one to three
aleving emerge from the gravel to H vears in their native stream before becoming smalts.
seek food and are called fy.

The eggs hatch in
to alevin or sac fry
in eatly spring,

and the yolk sacis

aradually r

ahzorbed. L9
~ \,:l _J‘.__:"; 5. J A . Smolts are silve_r colored and approximately stz inches
@ LS f %/ long Inthe spring, smolt hody chemistry changes; they
(.LJ i 4 f \i L‘.i now wet gh about two ounces and are ready to enter salt

Egg “'ﬂlﬁ o . C 3 g“F ¥ water. They migrate to the ocean where they will devel op
& " it about two to three vears into mature salmon weighing
/Z ahout & to 15 pounds.

In late auturmn, the female buries fertilized ©a bo-

ezgs in a series of nests within the gravel : r a2 = .

called recdede. Post-spawn salmon, cdled kel \f\ /

of Hack salmeon, return to the ocean or \ ) ; Sy

overwinter in the river. k\ \ . : > §
—_ | ---._\_f"-:- TR e - S .-

- Adult salmon begin returning in the spring to their
native stream to repeat the spawning cycle.

Figure 6: Life Cycle of the Atlantic salmon (diagrams courtesy of Katrina Mueller)

After spawning, the adults (“kelts”) move downstream toward the sea. Movement may be
triggered by increased water temperatures or flows. Some migrate toward the sea immediately,
either moving partway downstream or returning to the ocean (Ruggles 1980; Don Pugh, U.S.
Geological Survey (USGS) personal communication). Most kelts, however, overwinter in the
river and return to the sea in the spring. Kelts that remain in the river appear to survive well
through the winter (Ruggles 1980; Jonsson et al. 1990). The relative survival of kelts, however,
has not been calculated for Maine rivers. After reaching the ocean, few kelt survive as indicated
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by the lack of repeat spawners in the GOM DPS (NMFS and USFWS 2005).

Eggs

The fertilized eggs develop in the redd for a period of 175 to 195 days, hatching in late March or
April (Danie et al.1984).

Alevins and Fry

Newly hatched salmon, also referred to as sac fry, remain in the redd for approximately six
weeks after hatching and are nourished by their yolk sacs (Gustafson-Greenwood and Moring
1991). In three to six weeks, they consume most of their yolk sac, travel to the surface to gulp air
to fill their swim bladders, and begin to swim freely; at this point they are called “fry.” Survival
from the egg to fry stage in Maine is estimated to range from 15 to 35% (Jordan and Beland
1981).

Parr

When fry reach approximately 4 cm in length, the young salmon are termed “parr” (Danie et al.
1984). Most parr remain in the river for two to three years before undergoing smoltification, the
process in which parr go through physiological changes in order to transition from a freshwater
environment to a saltwater marine environment. Some male parr may not go through
smoltification and will become sexually mature and participate in spawning with sea-run adult
females. These males are referred to as “precocious parr.”

Smolts

During the smoltification process, parr markings fade and the body becomes streamlined and
silvery with a pronounced fork in the tail. Naturally reared smolts in Maine range in size from 13
to 17 cm, and most smolts enter the sea during May to begin their first ocean migration
(USASAC 2004). The spring migration of smolts to the marine environment takes 25 to 45 days.
Most smolts migrate rapidly, exiting the estuary within several tidal cycles (Hyvarinen et al.
2006; Lacroix and McCurdy 1996; Lacroix et al. 2004, 2005).

Post-smolts

Smolts are termed post-smolts after ocean entry to the end of the first winter at sea (Allan and
Ritter 1977). Post-smolts generally travel out of coastal systems on the ebb tide and may be
delayed by flood tides (Hyvarinen et al. 2006; Lacroix and McCurdy 1996; Lacroix et al. 2004,
2005). Lacroix and McCurdy (1996), however, found that post-smolts exhibit active, directed
swimming in areas with strong tidal currents. Studies in the Bay of Fundy and Passamaquoddy
Bay suggest some aggregation and common migration corridors related to surface currents
(Hyvarinen et al. 2006; Lacroix and McCurdy 1996; Lacroix et al. 2004). Post-smolt distribution
may reflect water temperatures (Reddin and Shearer 1987) and/or the major surface-current
vectors (Lacroix and Knox 2005). Post-smolts travel mainly at the surface of the water column
(Renkawitz et al. 2012) and may form shoals, possibly of fish from the same river (Shelton et al.
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1997). Post-smolts grow quickly, achieving lengths of 30-35 cm by October (Baum 1997).
Smolts can experience high mortality during the transition to saline environments for reasons
that are not well understood (Kocik et al. 2009; Thorstad et al. 2012).

During the late summer and autumn of the first year, North American post-smolts are
concentrated in the Labrador Sea and off of the west coast of Greenland, with the highest
concentrations between 56 N. and 58°N. (Reddin 1985; Reddin and Short 1991; Reddin and
Friedland 1993, Sheehan et al. 2012). Atlantic salmon located off Greenland are primarily
composed of non-maturing first sea winter (LSW) fish, which are likely to spawn after their
second sea winter (2SW), from both North America and Europe, plus a smaller component of
previous spawners who have returned to the sea prior to their next spawning event (Reddin 1988;
Reddin et al. 1988). The following spring, 1SW and older fish are generally located in the Gulf
of St. Lawrence, off the coast of Newfoundland, and on the east coast of the Grand Banks
(Reddin 1985; Dutil and Coutu 1988; Ritter 1989; Reddin and Friedland 1993; and Friedland et
al. 1999).

Adults

Some salmon may remain at sea for another year or more before maturing. After their second
winter at sea, the salmon likely over-winter in the area of the Grand Banks before returning to
their natal rivers to spawn (Reddin and Shearer 1987). Reddin and Friedland (1993) found non-
maturing adults located along the coasts of Newfoundland, Labrador, and Greenland, and in the
Labrador and Irminger Sea in the later summer and autumn.

The average size of Atlantic salmon is 71-76 cm (28-30 inches) long and 3.6-5.4 kg (8-15
pounds) after two to three years at sea. Although uncommon, adults can grow to be as large as 30
pounds (13.6 kg). The natural life span of Atlantic salmon ranges from two to eight years
(ASBRT 2006). Following spawning in the fall, Atlantic salmon kelts may immediately return to
the sea, or over-winter in freshwater habitat and migrate in the spring, typically April or May
(Baum 1997).

4.1.2 Reproduction, Distribution, and Abundance of Atlantic salmon

The reproduction, distribution, and abundance of Atlantic salmon within the range of the GOM
DPS have been generally declining since the 1800s (Fay et al. 2006). A comprehensive time
series of adult returns to the GOM DPS dating back to 1967 exists (Fay et al. 2006, USASAC
2013). Contemporary abundance levels of Atlantic salmon within the GOM DPS are several
orders of magnitude lower than historical abundance estimates. For example, Foster and Atkins
(1869) estimated that roughly 100,000 adult salmon returned to the Penobscot River alone before
the river was dammed, whereas estimates of abundance for the entire GOM DPS have rarely
exceeded 5,000 individuals in any given year since 1967 (Fay et al. 2006, USASAC 2013).

After a period of population growth between the 1970s and the early 1980s, adult returns of
salmon in the GOM DPS peaked between approximately 1984 and 1991 before declining during
the 2000s. Adult returns have fluctuated over the past decade. Presently, the majority of all adults
in the GOM DPS return to a single river, the Penobscot, which accounted for over 90% of all
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adult returns to the GOM DPS over the last decade. The population growth observed in the
1970s is likely attributable to favorable marine survival and increases in hatchery capacity,
particularly from GLNFH (constructed in 1974). Marine survival remained relatively high
throughout the 1980s, and salmon populations in the GOM DPS remained relatively stable until
the early 1990s. In the early 1990s, marine survival rates decreased, leading to the declining
trend in adult abundance observed throughout the 1990s and early 2000s. The increase in
abundance of returning adult salmon observed between 2008 and 2011 may be an indication of
improving marine survival; however the declines —since 2011 may suggest otherwise. Returns to
U.S. waters in 2013 were only 611 fish, which ranks 43" in the 47-year time-series (USASAC
2014). A total of 450 adults returns were estimated for 2014; the lowest for the 1991- 2014 time
series. The returns in 2015 were somewhat higher at 881, and then dropped again in 2016 to 614
(USASAC 2016, 2017). Despite consistent smolt production, there has been extreme variability
in annual returns.
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Figure 7: Summary of natural vs. hatchery adult salmon returns to the GOM DPS Rivers
between 1967 and 2014 (USASAC 2015)

Since 1967 when numbers of adult returns were first recorded, the vast majority of adult returns
have been the result of smolt stocking; only a small portion of returning adults were naturally
reared (Figure 7). Natural reproduction of the species is contributing to only a fraction of
Atlantic salmon returns to the GOM DPS. The term naturally reared includes fish originating
from both natural spawning and from stocked hatchery fry (USASAC 2012). Hatchery fry are
included as naturally reared because hatchery fry are not marked, and therefore cannot be
distinguished from fish produced through natural spawning. Low abundances of both hatchery-
origin and naturally reared adult salmon returns to Maine demonstrate continued poor marine
survival.
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The abundance of Atlantic salmon in the GOM DPS has been low, and the trend has been either
stable or declining over the past several decades. The proportion of fish that are of natural origin
is very small (approximately 6% over the last ten years), but appears stable. The conservation
hatchery program has assisted in slowing the decline and helping to stabilize populations at low
levels. However, stocking of hatchery fry and smolts has not contributed to an increase in the
overall abundance of salmon and, as yet, has not been able to increase the naturally reared
component of the GOM DPS. Continued reliance on the conservation hatchery program is
expected to prevent extinction in the short term, but recovery of the GOM DPS will not be
accomplished without significant increases in naturally reared salmon.

The historic distribution of Atlantic salmon in Maine has been described extensively by Baum
(1997) and Beland (1984), among others. In short, substantial populations of Atlantic salmon
existed in nearly every river in Maine that was large enough to maintain a spawning population.
The upstream extent of the species’ distribution extended far into the headwaters of even the
largest rivers. Today, the spatial structure of Atlantic salmon is limited by obstructions to
passage and also by low abundance levels and the majority of all adults return to the Penobscot
River. Within the range of the GOM DPS, the Kennebec, Androscoggin, Union, and Penobscot
Rivers contain dams that severely limit passage of salmon to significant amounts of spawning
and rearing habitat. Atlantic salmon presently have unobstructed access to only about 8% of their
historic spawning and rearing habitat in the Maine (NMFS 2016b).

4.1.3 Salmon Habitat Recovery Units

As part of the 2009 GOM DPS listing and designation of critical habitat, we defined three
Salmon Habitat Recovery Units (SHRU): the Merrymeeting Bay SHRU, the Penobscot Bay
SHRU, and the Downeast SHRU (Figure 8). As defined in the Endangered Species Consultation
Handbook?, a Recovery Unit is a “management subset of the listed species that is created to
establish recovery goals or carry out management actions.” The NMFS Interim Recovery Plan
Guidance* goes on to state that recovery units are frequently managed as management units,
though makes the distinction that recovery units are deemed necessary to both the survival and
recovery of the species, whereas management units are defined as not always being “necessary”
to both the survival and recovery.

3 http://www.nmfs.noaa.gov/pr/pdfs/laws/esa_section7_handbook.pdf
4 http://www.nmfs.noaa.gov/pr/pdfs/recovery/guidance.pdf
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Figure 8: Location of Atlantic salmon Habitat Recovery Units (SHRU) in the GOM DPS
Merrymeeting Bay SHRU

Today, dams are the greatest impediment, outside of marine survival, to the recovery of salmon
in the Penobscot, Kennebec, and Androscoggin river basins (Fay et al. 2006). Hydropower dams
in the Merrymeeting Bay SHRU significantly impede the migration of Atlantic salmon and other
diadromous fish and either reduce or eliminate access to roughly 352,000 units of historically
accessible spawning and rearing habitat. In addition to hydropower dams, agriculture and urban
development largely affect the lower third of the Merrymeeting Bay SHRU by reducing substrate
and cover, reducing water quality, and elevating water temperatures. Additionally, smallmouth
bass and brown trout introductions, along with other non-indigenous species, significantly
degrade habitat quality throughout the Merrymeeting Bay SHRU by altering natural

predator/prey relationships.

Downeast Coastal SHRU
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Impacts to substrate and cover, water quality, water temperature, biological communities, and
migratory corridors, among a host of other factors, have impacted the quality and quantity of
habitat available to Atlantic salmon populations within the Downeast Coastal SHRU. Two
hydropower dams on the Union river, and, to a lesser extent, the small ice dam on the lower
Narraguagus River, limit access to roughly 18,500 units of spawning and rearing habitat within
these two watersheds. In the Union River, which contains over 12,000 units of spawning and
rearing habitat, physical and biological features have been most notably limited by high water
temperatures and abundant smallmouth bass populations associated with impoundments. In the
Pleasant River and Tunk Stream, which collectively contain over 4,300 units of spawning and
rearing habitat, pH has been identified as possibly being the predominate limiting factor. The
Machias, Narraguagus, and East Machias rivers contain the highest quality habitat relative to
other HUC 10s in the Downeast Coastal SHRU and collectively account for approximately 40
percent of the spawning and rearing habitat in the Downeast Coastal SHRU.

Penobscot Bay SHRU

The mainstem Penobscot has the highest biological value to the Penobscot SHRU because it
provides a central migratory corridor crucial for the entire Penobscot SHRU. Dams, along with
degraded substrate and cover, water quality, water temperature, and biological communities,
have reduced the quality and quantity of habitat available to Atlantic salmon populations within
the Penobscot SHRU. A combined total of 20 FERC-licensed hydropower dams in the Penobscot
SHRU significantly impede the migration of Atlantic salmon and other diadromous fish to nearly
300,000 units of historically accessible spawning and rearing habitat. Agriculture and urban
development largely affect the lower third of the Penobscot SHRU below the Piscataquis River
sub-basin by reducing substrate and cover, reducing water quality, and elevating water
temperatures. Introductions of smallmouth bass and other non-indigenous species significantly
degrade habitat quality throughout the mainstem Penobscot and portions of the Mattawamkeag,
Piscataquis, and lower Penobscot sub-basins by altering predator/prey relationships. Similar to
smallmouth bass, recent Northern pike introductions threaten habitat in the lower Penobscot
River. Of the 323,700 units of spawning and rearing habitat (within 46 HUC 10 watersheds),
approximately 211,000 units of habitat are considered to be currently occupied (within 28 HUC
10 watersheds). Of the 211,000 occupied units within the Penobscot SHRU, NMFS calculated
these units to be the equivalent of nearly 66,300 functional units or approximately 20 percent of
the historical functional potential.

4.1.4 Survival and Recovery of the GOM DPS

In light of the 2009 GOM DPS listing and designation of critical habitat, the Services issued a
new recovery plan for Atlantic salmon on March 31, 2016 for public review and comment. The
draft 2016 Recovery Plan presents a recovery strategy based on the biological and ecological
needs of the species as well as current threats and conservation accomplishments that affect its
long-term viability. The plan is based upon a planning approach recently endorsed by the
USFWS and, for this plan, by us. The new approach, termed the Recovery Enhancement Vision
(REV), focuses on the three statutory requirements in the ESA, including site-specific recovery
actions; objective, measurable criteria for delisting; and time and cost estimates to achieve
recovery and intermediate steps. The 2016 Recovery Plan is based on two premises: first, that
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recovery must focus on rivers and estuaries located in the GOM DPS until the Services have a
better understanding of the threats in the marine environment, and second, that survival of
Atlantic salmon in the GOM DPS will be dependent on conservation hatcheries through much of
the recovery process. In addition, the scientific foundation for the plan includes conservation
biology principles regarding population viability, an understanding of freshwater habitat
viability, and threats abatement needs.

Under the 2016 Recovery Plan, reclassification of the GOM DPS from endangered to threatened
will be considered when all of following criteria are met:

1. The DPS has a total annual escapement of at least 1,500 naturally reared adults spawning
in the wild, with at least 2 of the 3 SHRUs having at least 500 naturally reared adults.

2. The population in each of at least two of the three SHRUSs has a population growth rate of
greater than 1.0 in the 10-year period preceding reclassification.

3. Adults originating from hatchery-stocked eggs, fry, and parr are included when
estimating population growth rates.

4. Sufficient suitable spawning and rearing habitat for the offspring of the 1,500 naturally
reared adults is accessible and distributed throughout designated Atlantic salmon critical
habitat, with at least 7,500 accessible and suitable habitat units (Hus) in each of at least
two of the three SHRUS, located according to the known and potential migratory patterns
of returning salmon.

4.1.5 Summary of Rangewide Status of Atlantic salmon

The GOM DPS of Atlantic salmon currently exhibits critically low spawner abundance, poor
marine survival, and is confronted with a variety of additional threats. The abundance of GOM
DPS Atlantic salmon has been low and either stable or declining over the past several decades.
The proportion of fish that are of natural origin is extremely low (approximately 6% over the last
ten years) and is continuing to decline. The spatial distribution of the GOM DPS has been
severely reduced relative to historical distribution patterns. The conservation hatchery program
assists in slowing the decline and helps stabilize populations at low levels, but has not
contributed to an increase in the overall abundance of salmon and has not been able to halt the
decline of the naturally reared component of the GOM DPS. Continued reliance on the
conservation hatchery program could prevent extinction in the short term, but recovery of the
GOM DPS must be accomplished through increases in naturally reared salmon.

4.2 Critical Habitat Designated for the GOM DPS of Atlantic salmon

Coincident with the June 19, 2009 endangered listing, we designated critical habitat for the GOM
DPS of Atlantic salmon (74 FR 29300; June 19, 2009)(Figure 9). The final rule was revised on
August 10, 2009. In this revision, designated critical habitat for the expanded GOM DPS of
Atlantic salmon was reduced to exclude trust and fee holdings of the Penobscot Indian Nation
and a table was corrected (74 FR 39003; August 10, 2009).
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Figure 9: HUC-10 Watersheds Designated as Atlantic Salmon Critical Habitat and Salmon
Habitat Recovery Units within the GOM DPS

4.2.1 Essential Features of Atlantic Salmon Critical Habitat

Designation of critical habitat is based on the known physical and biological features within the
occupied areas of a listed species that are deemed essential to the conservation of the species. For
the GOM DPS, the physical and biological features (PBFs) essential for the conservation of
Atlantic salmon are: 1) sites for spawning and rearing, and, 2) sites for migration (excluding
marine migration®). We chose not to separate spawning and rearing habitat into distinct PBFs,
although each habitat does have distinct features, because of the GIS-based habitat prediction
model approach that was used to designate critical habitat (74 FR 29300; June 19, 2009). This
model cannot consistently distinguish between spawning and rearing habitat across the entire
range of the GOM DPS.

5 Although successful marine migration is essential to Atlantic salmon, we were not able to identify the essential
features of marine migration and feeding habitat or their specific locations at the time critical habitat was

designated.
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The physical and biological features for Atlantic salmon critical habitat are as follows:
Physical and Biological Features of Spawning and Rearing Habitat

1. Deep, oxygenated pools and cover (e.g., boulders, woody debris, vegetation, etc.), near
freshwater spawning sites, necessary to support adult migrants during the summer while
they await spawning in the fall.

2. Freshwater spawning sites that contain clean, permeable gravel and cobble substrate with
oxygenated water and cool water temperatures to support spawning activity, egg
incubation, and larval development.

3. Freshwater spawning and rearing sites with clean, permeable gravel and cobble substrate
with oxygenated water and cool water temperatures to support emergence, territorial
development, and feeding activities of Atlantic salmon fry.

4. Freshwater rearing sites with space to accommodate growth and survival of Atlantic
salmon parr.

5. Freshwater rearing sites with a combination of river, stream, and lake habitats that
accommodate parr's ability to occupy many niches and maximize parr production.

6. Freshwater rearing sites with cool, oxygenated water to support growth and survival of
Atlantic salmon parr.

7. Freshwater rearing sites with diverse food resources to support growth and survival of
Atlantic salmon parr.

Physical and Biological Features of Migratory Habitat

1. Freshwater and estuary migratory sites free from physical and biological barriers that
delay or prevent access of adult salmon seeking spawning grounds needed to support
recovered populations.

2. Freshwater and estuary migration sites with pool, lake, and instream habitat that provide
cool, oxygenated water and cover items (e.g., boulders, woody debris, and vegetation) to
serve as temporary holding and resting areas during upstream migration of adult salmon.

3. Freshwater and estuary migration sites with abundant, diverse native fish communities to
serve as a protective buffer against predation.

4. Freshwater and estuary migration sites free from physical and biological barriers that
delay or prevent emigration of smolts to the marine environment.

5. Freshwater and estuary migration sites with sufficiently cool water temperatures and
water flows that coincide with diurnal cues to stimulate smolt migration.

6. Freshwater migration sites with water chemistry needed to support sea water adaptation
of smolts.

Habitat areas designated as critical habitat must contain one or more physical and biological
features within the acceptable range of values required to support the biological processes for
which the species uses that habitat. Critical habitat includes all perennial rivers, streams, and
estuaries and lakes connected to the marine environment within the range of the GOM DPS,
except for those areas that have been specifically excluded as critical habitat. Critical habitat has
only been designated in areas (HUC-10 watersheds) considered currently occupied by the
species. Critical habitat includes the stream channels within the designated stream reach and
includes a lateral extent as defined by the ordinary high-water line or the bankfull elevation in
the absence of a defined high-water line. In estuaries, critical habitat is defined by the perimeter
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of the water body as displayed on standard 1:24,000 scale topographic maps or the elevation of
extreme high water, whichever is greater.

To facilitate and standardize determinations of effect for section 7 consultations involving
Atlantic salmon critical habitat, we developed the “Matrix of Essential Features for Designated
Atlantic Salmon Critical Habitat in the GOM DPS” (Table 5). The matrix lists the physical and
biological features (essential features) of Atlantic salmon habitat, and the potential conservation
status of critical habitat within an action area. Two essential features in the matrix (spawning and
rearing, and migration) are described in regards to five distinct Atlantic salmon life stages: (1)
adult spawning; (2) embryo and fry development; (3) parr development; (4) adult migration; and,
(5) smolt migration. The conservation status of the essential features may exist in varying
degrees of functional capacity within the action area. The three degrees of functional capacity
used in the matrix are described in ascending order: (1) fully functioning; (2) limited function;
and (3) not properly functioning.

Migratory habitat physical and biological features (PBFs) 1-4 are present in the action area. We
have determined that neither the spawning and rearing PBFs 1-7, nor migratory habitat PBFs 5-6,
occur in the action area. We explain this determination and discuss these features and their
current status in the action area below in the Environmental Baseline (Section 5).
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Table 5: Matrix of essential features for assessing the environmental baseline of the action area

Conservation Status Baseline

Essential
Features

Fully Functioning

Limited Function

Not Properly
Functioning

A) Adult Spawning (October 1st - December 14th)

Substrate

Depth
Velocity

Temperature

pH
Cover

Fisheries
Interactions

highly permeable course
gravel and cobble
between 1.2 to 10 cm in
diameter

40- 60% cobhble (22.5-
256 mm dia.) 40-50%
gravel (2.2 -22.2 mm
dia.); 10-15% course sand
(0.5-2.2 mmdia.), and
<3% fine sand (0.06-
0.05mm dia.)

more than 20% sand
(particle size 0.06 to
2.2 mm), no gravel
or cobble

17-30 cm

30-76cm

<l17cmor>76cm

31 to 46 cm/sec.

8 to 31cm/sec. or 46 to 83
cm/sec.

< 5-8 cm/sec. or >
83cm/sec.

7°to 10°C

often between 7° to 10°C

always < 7° or >
10°C

>55

between 5.0 and 5.5

<50

Abundance of pools 1.8-
3.6 meters deep
(McLaughlin and Knight
1987). Large boulders or
rocks, over hanging trees,
logs, woody debris,
submerged vegetation or
undercut banks

Limited availability of
pools 1.8-3.6 meters deep
(McLaughlin and Knight
1987). Large boulders or
rocks, over hanging trees,
logs, woody debris,
submerged vegetation or
undercut banks

Absence of pools
1.8-3.6 meters deep
(McLaughlin and
Knight 1987). Large
boulders or rocks,
over hanging trees,
logs, woody debris,
submerged
vegetation or
undercut banks

Abundant diverse
populations of indigenous
fish species

Abundant diverse
populations of indigenous
fish species, low
quantities of non-native
species present

Limited abundance
and diversity of
indigenous fish
species, abundant
populations of non-
native species

B) Embryo and Fry Development: (October 1st - April 14th)

Temperature

D.O.

pH

Depth
Velocity
Fisheries
Interactions

0.5°C and 7.2°C, averages
nearly 60C from
fertilization to eye
pigmentation

averages < 40C, or 8 to
10°C from fertilization to
eye pigmentation

>10°C from
fertilization to eye
pigmentation

at saturation 7-8 mg/L <7 mg/L

>6.0 6-45 <45

5.3-15cm NA <5.3 or >15cm

4 — 15cm/sec. NA <4 or > 15cm/sec.

Abundant diverse
populations of indigenous
fish species

Abundant diverse
populations of indigenous
fish species, low
guantities of non-native
species present

Limited abundance
and diversity of
indigenous fish
species, abundant
populations of non-
native species
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Table 1 continued...

Conservation Status Baseline

Essential
Features

Fully Functioning

Limited Function

Not Properly
Functioning

C) Parr Development: (All year)

Substrate

Depth
Velocity

Temperature

D.O.
Food

Passage
Fisheries
Interactions

gravel between 1.6 and
6.4 cm in diameter and
boulders between 30 and

gravel < 1.2cm and/or
boulders > 51.2. May
contain rooted aquatic

no gravel, boulders,
or rooted aquatic
macrophytes present

51.2 cm in diameter. May | macrophytes

contain rooted aquatic

macrophytes

10cm to 30cm NA <10cm or >30cm

7 to 20 cm/sec. < 7cm/sec. or > 20 velocity exceeds 120
cm/sec. cm/sec.

15°to0 19°C generally between 7- stream temperatures
22.50C, but does not are continuously
exceed 290C at any time <70C or known to

exceed 290C
> 6 mg/l 2.9 -6 mg/l <2.9mg/l

Abundance of larvae of
mayflies, stoneflies,
chironomids, caddisflies,
blackflies, aquatic
annelids, and mollusks as
well as numerous
terrestrial invertebrates
and small fish such as
alewives, dace or
minnows

Presence of larvae of
mayflies, stoneflies,
chironomids, caddisflies,
blackflies, aquatic
annelids, and mollusks as
well as numerous
terrestrial invertebrates
and small fish such as
alewives, dace or
minnows

Absence of larvae of
mayflies, stoneflies,
chironomids,
caddisflies,
blackflies, aquatic
annelids, and
mollusks as well as
numerous terrestrial
invertebrates and
small fish such as
alewives, dace or
minnows

No anthropogenic causes
that inhibit or delay
movement

Presence of anthropogenic
causes that result in
limited inhibition of
movement

barriers to migration
known to cause
direct inhibition of
movement

Abundant diverse
populations of indigenous
fish species

Abundant diverse
populations of indigenous
fish species, low
guantities of non-native
species present

Limited abundance
and diversity of
indigenous fish
species, abundant
populations of non-
native species
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Table 1 continued...

Conservation Status Baseline

Essential Not Properly
Features Fully Functioning Limited Function Functioning
D) Adult migration (April 15th- December 14th)
Velocity 30 cm/sec to 125 In areas where water | sustained speeds >
cm/sec velocity exceeds 125 | 61 cm/sec and
cm/sec adult salmon | maximum speed >
require resting areas | 667 cm/sec
with a velocity of <
61 cm/s
D.O. > 5mg/L 4.5-5.0 mg/l < 4.5mg/L
Temperature 14 -20°C temperatures > 23°C
sometimes exceed
200C but remain
below 23°C.

Passage No anthropogenic Presence of barriers to migration
causes that delay anthropogenic known to cause
migration causes that result in | direct or indirect

limited delays in mortality of smolts
migration

Fisheries Abundant diverse Abundant diverse Limited abundance

Interactions

populations of
indigenous fish
species

populations of
indigenous fish
species, low
quantities of non-
native species

and diversity of
indigenous fish
species, abundant
populations of non-
native species

present
E) Juvenile Migration:
(April 15th - June 14th)
Temperature 8-110C 5-11°C. <50Cor>110C
pH >6 55-6.0 <55
Passage No anthropogenic Presence of barriers to migration

causes that delay
migration

anthropogenic
causes that result in
limited delays in
migration

known to cause
direct or indirect
mortality of smolts




4.2.2 Factors Affecting Atlantic salmon and Critical Habitat
Threats Faced by Atlantic Salmon Throughout Their Range

Atlantic salmon face a number of threats to their survival, most of which are outlined in the

Recovery Plan (NMFS and USFWS 2005) and the latest status review (Fay et al. 2006). We

consider the following to be the most significant threats to the GOM DPS of Atlantic salmon:
e Dams

Inadequacy of existing regulatory mechanisms for dams

Continued low marine survival rates for U.S. stocks of Atlantic salmon

Lack of access to spawning and rearing habitat due to dams and road-stream crossings

e Degraded water quality

e Aguaculture practices, which pose ecological and genetic risks
e Climate change

e Depleted diadromous fish communities

¢ Incidental capture of adults and parr by recreational anglers

¢ Introduced fish species that compete or prey on Atlantic salmon
e Poaching of adults

e Recovery hatchery program (potential for artificial selection/domestication)
e Sedimentation of spawning and rearing habitat

e Water extraction

e Diseases

e Predation

Greenland Mixed Stock Fishery.

A wide variety of activities have focused on protecting Atlantic salmon and restoring the GOM
DPS, including (but not limited to) hatchery supplementation; removing dams or providing fish
passage; improving road crossings that block passage or degrade stream habitat; protecting
riparian corridors along rivers; reducing the impact of irrigation water withdrawals; limiting
effects of recreational and commercial fishing; reducing the effects of finfish aquaculture;
outreach and education activities; and research focused on better understanding the threats to
Atlantic salmon and developing effective restoration strategies.

Starting in the 1960s, Greenland implemented a mixed stock Atlantic salmon fishery off its
western coast (Sheehan et al. 2015). The fishery primarily takes 1 sea winter (1 SW) North
American and European origin Atlantic salmon that would potentially return to natal waters as
mature, 2 SW spawning adults or older. Because of international concerns that the fishery would
have deleterious on the contributing stock complexes, a quota system was agreed upon and
implemented in 1976, and since 1984, catch regulations have been established by the North
Atlantic Salmon Conservation Organization (NASCO) (Sheehan et al. 2015). In recent years,
Greenland had limited the mixed stock salmon fishery for internal consumption only, which in
the past has been estimated at 20 metric tons.

In 2015, Greenland unilaterally set a 45 ton quota for a mixed stock Atlantic salmon fishery for
2015, 2016, and 2017 (Sheehan et al. 2015). Based on historic harvest estimates, it is estimated
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that on average, approximately 100 U.S. origin adult Atlantic salmon will be harvested annually
under a 45 ton quota. With recent U.S. returns of Atlantic salmon averaging less than 1,500
individuals per year, the majority of which originated from hatcheries, this harvest constitutes a
substantial threat to the survival and recovery of the GOM DPS. The U.S. continues to negotiate
with the government of Greenland and participants of the fishery both within and outside of
NASCO to ultimately establish agreed upon measures that will curtail the impact of the fishery
on U.S. origin fish.

The final rule designating critical habitat for the GOM DPS identifies a number of activities that
have and will likely continue to impact the biological and physical features of spawning, rearing,
and migration habitat for Atlantic salmon. These include agriculture, forestry, changing land-use
and development, hatcheries and stocking, roads and road-crossings and other instream activities
(such as alternative energy development), mining, dams, dredging, and aquaculture. Most of
these activities have or still do occur, at least to some extent, throughout the Gulf of Maine.

4.3 Shortnose Sturgeon

Shortnose sturgeon are fish that occur in rivers and estuaries along the East Coast of the U.S. and
Canada (SSSRT 2010). They have a head covered in bony plates, as well as protective armor
called scutes extending from the base of the skull to the caudal peduncle. Other distinctive
features include a subterminal, protractile tube-like mouth, and chemosensory barbels for benthic
foraging (SSSRT 2010). Sturgeon have been present in North America since the Upper
Cretaceous period, more than 66 million years ago. The information below is a summary of
available information on the species. More thorough discussions can be found in the cited
references as well as the SSSRT’s Biological Assessment (2010). Information on the populations
that occur in the action area is provided in section 4.3.3, while details on activities that impact
individual shortnose sturgeon in the action area can be found in the Environmental Baseline
(section 5.0).

4.3.1 Life History and General Habitat Use

There are differences in life history, behavior, and habitat use across the range of the species.
Current research indicates that these differences are adaptations to unique features of the rivers
where these populations occur. For example, there are differences in larval dispersal patterns in
the Connecticut River (MA) and Savannah River (GA) (Parker 2007). There are also
morphological and behavioral differences. Growth and maturation occurs more quickly in
southern rivers but fish in northern rivers grow larger and live longer. We provide general life
history attributes in Table 6.

Table 6: Shortnose sturgeon general life history for the species throughout its range

Stage Size (mm) Duration Behaviors/Habitat Used

Egg 3-4 13 days post | stationary on bottom; Cobble and rock,
spawn fresh, fast flowing water

Yolk Sac 7-15 8-12 days post | Photonegative; swim up and drift

Larvae hatch behavior; form aggregations with other

YSL; Cobble and rock, stay at bottom
near spawning site

Post Yolk Sac | 15 - 57 12-40 days Free swimming; feeding; Silt bottom,
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Larvae post hatch deep channel; fresh water

Young of 57 - 140 From 40 days | Deep, muddy areas upstream of the

Year (north); 57-300 | post-hatch to | saltwedge
(south) one year

Juvenile 140 to 450-550 | 1 yearto Increasing salinity tolerance with age;
(north); 300 to | maturation same habitat patterns as adults
450-550 (south)

Adult 450-1100 Post- Freshwater to estuary with some
average; maturation individuals making nearshore coastal
(max recorded migrations
1400)

Shortnose sturgeon live on average for 30-40 years (Dadswell et al. 1984). Males mature at
approximately 5-10 years and females mature between age 7 and 13, with later maturation
occurring in more northern populations (Dadswell et al. 1984). Females typically spawn for the
first time 5 years post-maturation (age 12-18; Dadswell 1979; Dadswell et al. 1984) and then
spawn every 3-5 years (Dadswell 1979; Dadswell et al. 1984;). Males spawn for the first time
approximately 1-2 years after maturity with spawning typically occurring every 1-2 years
(Kieffer and Kynard 1996; NMFS 1998; Dadswell et al. 1984). Shortnose sturgeon are
iteroparous (spawning more than once during their life) and females release eggs in multiple
“batches” during a 24 to 36-hour period (total of 30,000-200,000 eggs). Multiple males are likely
to fertilize the eggs of a single female.

Cues for spawning are thought to include water temperature, day length and river flow (Kynard
2012). Shortnose sturgeon spawn in freshwater reaches of their natal rivers when water
temperatures reach 9-15°C in the spring (Dadswell 1979; Taubert 1980a and b; Kynard 1997).
Spawning occurs over gravel, rubble, and/or cobble substrate (Dadswell 1979, Taubert 1980a
and b; Buckley and Kynard 1985b; Kynard 1997) in areas with average bottom velocities
between 0.4 and 0.8 m/s. Depths at spawning sites are variable, ranging from 1.2 - 27 m
(multiple references in SSSRT 2010). Eggs are small and demersal and stick to the rocky
substrate where spawning occurs.

Shortnose sturgeon occur in waters between 0-34°C (Dadswell et al. 1984; Heidt and Gilbert
1978); with temperatures above 28°C considered to be stressful. Depths used are highly variable,
ranging from shallow mudflats while foraging to deep channels up to 30 m (Dadswell et al.
1984; Dadswell 1979). Salinity tolerance increases with age; while young of the year must
remain in freshwater, adults have been documented in the ocean with salinities of up 30 parts-
per-thousand (ppt) (Holland and Yeverton 1973; Saunders and Smith 1978). Dissolved oxygen
affects distribution, with preference for DO levels at or above 5mg/l and adverse effects
anticipated for prolonged exposure to DO less than 3.2mg/L.

Shortnose sturgeon feed on benthic insects, crustaceans, mollusks, and polychaetes (Dadswell et
al. 1984). Both juvenile and adult shortnose sturgeon primarily forage over sandy-mud bottoms,
which support benthic invertebrates (Carlson and Simpson 1987; Kynard 1997). Shortnose
sturgeon have also been observed feeding off plant surfaces (Dadswell et al. 1984).
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Following spawning, adult shortnose sturgeon disperse quickly down river to summer foraging
grounds areas and remain in areas downstream of their spawning grounds throughout the
remainder of the year (Buckley and Kynard 1985, Dadswell et al. 1984; Buckley and Kynard
1985; O’Herron et al. 1993).

In northern rivers, shortnose aggregate during the winter months in discrete, deep (3-10m)
freshwater areas with minimal movement and foraging (Kynard et al. 2012; Buckley and Kynard
1985a; Dadswell 1979, Li et al. 2007; Dovel et al. 1992; Bain et al. 1998a and b). In the winter,
adults in southern rivers spend much of their time in the slower moving waters downstream near
the salt-wedge and forage widely throughout the estuary (Collins and Smith 1993, Weber et al.
1998). Pre-spawning sturgeon in some northern and southern systems migrate into an area in the
upper tidal portion of the river in the fall and complete their migration in the spring (Rogers and
Weber 1995). Older juveniles typically occur in the same overwintering areas as adults while
young of the year remain in freshwater (Jenkins et al. 1993, Jarvis et al. 2001).

4.3.2 Listing History

Shortnose sturgeon were listed as endangered in 1967 (32 FR 4001), and the species remained on
the endangered species list with the enactment of the ESA in 1973. Shortnose sturgeon are
thought to have been abundant in nearly every large East Coast river prior to the 1880s (see
Catesby 1734; McDonald 1887; Smith and Clugston 1997). Pollution and overfishing, including
bycatch in the shad fishery, were listed as principal reasons for the species’ decline. The species
remains listed as endangered throughout its range. While the 1998 Recovery Plan refers to
Distinct Population Segments (DPS), the process to designate DPSs for this species has not been
undertaken. The SSSRT published a Biological Assessment for shortnose sturgeon in 2010. The
report summarized the status of shortnose sturgeon within each river and identified stressors that
continue to affect the abundance and stability of these populations.

4.3.3 Current Status

There is no current total population estimate for shortnose sturgeon rangewide. Information on
populations and metapopulations is presented below. In general, populations in the Northeast are
larger and more stable than those in the Southeast (SSSRT 2010). Population size throughout the
species’ range is considered to be stable; however, most riverine populations are below the
historic population sizes and most likely are below the carrying capacity of the river (Kynard
1996).

Population Structure

There are 19 documented populations of shortnose sturgeon ranging from the St. Johns River,
Florida (possibly extirpated from this system) to the Minas Basin in Nova Scotia, Canada. There
is a large gap in the middle of the species range with individuals present in the Chesapeake Bay
separated from populations in the Carolinas by a distance of more than 400 km. Currently, there
are significantly more shortnose sturgeon in the northern portion of the range.

Developments in genetic research as well as differences in life history support the grouping of
shortnose sturgeon into five genetically distinct groups, all of which have unique geographic

adaptations (see Grunwald et al. 2008; Grunwald et al. 2002; King et al. 2001; Waldman et al.
2002b; Walsh et al. 2001; Wirgin et al. 2009; Wirgin et al. 2002; SSSRT 2010). These groups
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are: 1) Gulf of Maine; 2) Connecticut and Housatonic Rivers; 3) Hudson River; 4) Delaware
River and Chesapeake Bay; and 5) Southeast. The Gulf of Maine, Delaware/Chesapeake Bay and
Southeast groups function as metapopulations®. The other two groups (Connecticut/Housatonic
and the Hudson River) function as independent populations.

While there is migration within each metapopulation (i.e., between rivers in the Gulf of Maine
and between rivers in the Southeast) and occasional migration between populations (e.g.,
Connecticut and Hudson), interbreeding between river populations is limited to very few
individuals per generation; this results in morphological and genetic variation between most river
populations (see Walsh et al. 2001; Grunwald et al. 2002; Waldman et al. 2002; Wirgin et al.
2005). Indirect gene flow estimates from mtDNA indicate an effective migration rate of less than
two individuals per generation. This means that while individual shortnose sturgeon may move
between rivers, very few sturgeon are spawning outside their natal river; it is important to
remember that the result of physical movement of individuals is rarely genetic exchange.

Summary of Status of Northeast Rivers

In our Greater Atlantic Region, shortnose sturgeon are known to spawn in the Kennebec,
Androscoggin, Merrimack, Connecticut, Hudson and Delaware Rivers. Shortnose sturgeon are
also known to occur in the Penobscot and Potomac Rivers; although it is unclear if spawning is
currently occurring in those systems.

Gulf of Maine Metapopulation

Tagging and telemetry studies indicate that shortnose sturgeon are present in the Penobscot,
Kennebec, Androscoggin, Sheepscot and Saco Rivers. Individuals have also been documented in
smaller coastal rivers; however, the duration of presence has been limited to hours or days and
the smaller coastal rivers are thought to be only used occasionally (Zydlewski et al. 2011).

Since the removal of the Veazie and Great Works Dams (2013 and 2012, respectively), in the
Penobscot River, shortnose sturgeon range from the Bay to the Milford Dam. Shortnose sturgeon
now have access to their full historical range. Adult and large juvenile sturgeon have been
documented to use the river. While potential spawning sites have been identified, no spawning
has been documented. Foraging and overwintering are known to occur in the river. Nearly all
pre-spawn females and males have been documented to return to the Kennebec or Androscoggin
Rivers. Robust design analysis with closed periods in the summer and late fall estimated seasonal
adult abundance ranging from 636-1285 (weighted mean), with a low estimate of 602 (95%CI:
409.6-910.8) and a high of 1306 (95% ClI: 795.6-2176.4) (Fernandes 2008; Fernandes et al.
2010; Dionne 2010 in Maine DMR 2010).

Kennebec/Androscoggin/Sheepscot
The estimated size of the adult population (>50cm TL) in this system, based on a tagging and

A metapopulation is a group of populations in which distinct populations occupy separate patches of habitat
separated by unoccupied areas (Levins 1969). Low rates of connectivity through dispersal, with little to no effective
movement, allow individual populations to remain distinct as the rate of migration between local populations is low
enough not to have an impact on local dynamics or evolutionary lineages (Hastings and Harrison 1994). This
interbreeding between populations, while limited, is consistent, and distinguishes metapopulations from other patchy
populations.
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recapture study conducted between 1977-1981, was 7,200 (95% CI = 5,000 - 10,800; Squiers et
al. 1982). A population study conducted 1998-2000 estimated population size at 9,488 (95% CI
= 6,942 -13,358; Squiers 2003) suggesting that the population exhibited significant growth
between the late 1970s and late 1990s. Spawning is known to occur in the Androscoggin and
Kennebec Rivers. In both rivers, there are hydroelectric facilities located at the base of natural
falls thought to be the natural upstream limit of the species. The Sheepscot River is used for
foraging during the summer months.

Merrimack River

The historic range in the Merrimack extended to Amoskeag Falls (Manchester, NH, RKM 116;
Piotrowski 2002); currently shortnose sturgeon cannot move past the Essex Dam in Lawrence,
MA (RKM 46). A current population estimate for the Merrimack River is not available. Based
on a study conducted 1987-1991, the adult population was estimated at 32 adults (20-79; 95%
confidence interval; B. Kynard and M. Kieffer unpublished information). However, recent gill-
net sampling efforts conducted by Kieffer indicate a dramatic increase in the number of adults in
the Merrimack River. Sampling conducted in the winter of 2009 resulted in the capture of 170
adults. Preliminary estimates suggest that there may be approximately 2,000 adults using the
Merrimack River annually. Spawning, foraging and overwintering all occur in the Merrimack
River.

Tagging and tracking studies demonstrate movement of shortnose sturgeon between rivers within
the Gulf of Maine, with the longest distance traveled between the Penobscot and Merrimack
rivers. Genetic studies indicate that a small, but statistically insignificant amount of genetic
exchange likely occurs between the Merrimack River and these rivers in Maine (King et al.
2013). The Merrimack River population is genetically distinct from the Kennebec-
Androscoggin-Penobscot population (SSSRT 2010). In the Fall of 2014, a shortnose sturgeon
tagged in the Connecticut River in 2001 was captured in the Merrimack River. To date, genetic
analysis has not been completed and we do not yet know the river of origin of this fish.

Connecticut River Population

The Holyoke Dam divides the Connecticut River shortnose population; there is currently limited
successful passage downstream of the Dam. No shortnose sturgeon have passed upstream of the
dam since 1999 and passage between 1975-1999 was an average of four fish per year. The
number of sturgeon passing downstream of the Dam is unknown. Despite this separation, the
populations are not genetically distinct (Kynard 1997, Wirgin et al. 2005, Kynard et al.2012).
The most recent estimate of the number of shortnose sturgeon upstream of the dam, based on
captures and tagging from 1990-2005 is approximately 328 adults (Cl = 188-1,264 adults; B.
Kynard, USGS, unpubl. Data in SSSRT 2010); this compares to a previous Peterson mark-
recapture estimate of 370-714 adults (Taubert 1980a). Using four mark-recapture
methodologies, the longterm population estimate (1989-2002) for the lower Connecticut River
ranges from 1,042-1,580 (Savoy 2004). Comparing 1989-1994 to 1996-2002, the population
exhibits growth on the order of 65-138%. The population in the Connecticut River is thought to
be stable, but at a small size.

The Turners Falls Dam is thought to represent the natural upstream limit of the species; however,
in 2017, a shortnose sturgeon was confirmed above the Turners Falls Dam, and future research
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will investigate whether there is a larger population in that location. While limited spawning is
thought to occur below the Holyoke Dam, successful spawning has only been documented
upstream of the Holyoke Dam. Abundance of pre-spawning adults was estimated each spring
between 1994-2001 at a mean of 142.5 spawning adults (C1 =14-360 spawning adults) (Kynard
et al. 2012). Overwintering and foraging occur in both the upper and lower portions of the river.
Occasionally, sturgeon have been captured in tributaries to the Connecticut River including the
Deerfield River and Westfield River. Additionally, a sturgeon tagged in the CT river was
recaptured in the Housatonic River (T. Savoy, CT DEP, pers. comm.). Three individuals tagged
in the Hudson were captured in the CT, with one remaining in the river for at least one year
(Savoy 2004).

Hudson River Population

The Hudson River population of shortnose sturgeon is the largest in the United States. Studies
indicated an extensive increase in abundance from the late 1970s (13,844 adults (Dovel et al.
1992), to the late 1990s (56,708 adults (95% CI 50,862 to 64,072; Bain et al. 1998). This
increase is thought to be the result of high recruitment (31,000 — 52,000 yearlings) from 1986-
1992 (Woodland and Secor 2007). Woodland and Secor examined environmental conditions
throughout this 20-year period and determined that years in which water temperatures drop
quickly in the fall and flow increases rapidly in the fall (particularly October), are followed by
high levels of recruitment in the spring. This suggests that these environmental factors may index
a suite of environmental cues that initiate the final stages of gonadal development in spawning
adults. The population in the Hudson River exhibits substantial recruitment and is considered to
be stable at high levels.

Delaware River-Chesapeake Bay Metapopulation

Shortnose sturgeon range from Delaware Bay up to at least Scudders Falls (RKM 223); there are
no dams within the species’ range on this river. The population is considered stable (comparing
1981-1984 to 1999-2003) at around 12,000 adults (Hastings et al. 1987 and ERC 2006b).
Spawning occurs primarily between Scudders Falls and the Trenton rapids. Overwintering and
foraging also occur in the river. Shortnose sturgeon have been documented to use the
Chesapeake-Delaware Canal to move from the Chesapeake Bay to the Delaware River.

The current abundance of shortnose sturgeon in the Chesapeake Bay is unknown. Incidental
capture of shortnose sturgeon was reported to the USFWS and MDDNR between 1996-2008 as
part of an Atlantic Sturgeon Reward Program. During this time, 80 shortnose sturgeon were
documented in the Maryland waters of the Bay and in several tidal tributaries. To date, no
shortnose sturgeon have been recorded in Virginia waters of the Bay.

Spawning has not been documented in any tributary to the Bay although suitable spawning
habitat and two pre-spawning females with late stage eggs have been documented in the Potomac
River. Current information indicates that shortnose sturgeon are present year round in the
Potomac River with foraging and overwintering taking place there. Shortnose sturgeon captured
in the Chesapeake Bay are not genetically distinct from the Delaware River population.

Southeast Metapopulation
There are no shortnose sturgeon between Maryland waters of the Chesapeake Bay and the
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Carolinas. Shortnose sturgeon are only thought to occur in the Cape Fear River and Yadkin-Pee
Dee River in North Carolina and are thought to be present in very small numbers.

The Altamaha River supports the largest known population in the Southeast with successful self-
sustaining recruitment. The most recent population estimate for this river was 6,320 individuals
(95% CI = 4,387-9,249; DeVries 2006). The population contains more juveniles than expected.
Comparisons to previous population estimates suggest that the population is increasing; however,
there is high mortality between the juvenile and adult stages in this river. This mortality is
thought to result from incidental capture in the shad fishery, which occurs at the same time as the
spawning period (DeVries 2006).

The only available estimate for the Cooper River is of 300 spawning adults at the Pinoplis Dam
spawning site (based on 1996-1998 sampling; Cooke et al. 2004). This is likely an underestimate
of the total number of adults as it would not include non-spawning adults. Estimates for the
Ogeechee River were 266 (95%CI1=236-300) in 1993 (Weber 1996, Weber

et al. 1998); a more recent estimate (sampling from 1999-2004; Fleming et al. 2003) indicates a
population size of 147 (95% CI = 104-249). While the more recent estimate is lower, it is not
significantly different than the previous estimate. Available information indicates the Ogeechee
River population may be experiencing juvenile mortality rates greater than other southeastern
rivers.

Spawning is also occurring in the Savannah River, the Congaree River, and the Yadkin-Pee Dee
River. There are no population estimates available for these rivers. Occurrence in other southern
rivers is limited, with capture in most other rivers limited to fewer than five individuals. They are
thought to be extremely rare or possibly extirpated from the St. Johns River in Florida as only a
single specimen was found by the Florida Fish and Wildlife Conservation Commission during
extensive sampling of the river in 2002/2003. In these river systems, shortnose sturgeon occur in
nearshore marine, estuarine, and riverine habitat.

4.3.4 Threats

Because sturgeon are long-lived and slow growing, stock productivity is relatively low; this can
make the species vulnerable to rapid decline and slow recovery (Musick 1999). In well studied
rivers (e.g., Hudson, upper Connecticut), researchers have documented significant year to year
recruitment variability (up to 10 fold over 20 years in the Hudson and years with no recruitment
in the CT). However, this pattern is not unexpected given the life history characteristics of the
species and natural variability in hydrogeologic cues relied on for spawning.

The small amount of effective movement between populations means recolonization of currently
extirpated river populations is expected to be very slow and any future recolonization of any
rivers that experience significant losses of individuals would also be expected to be very slow.
Despite the significant decline in population sizes over the last century, gene diversity in
shortnose sturgeon is moderately high in both mtDNA (Quattro et al. 2002; Wirgin et al. 2005;
Wirgin et al. 2000) and nDNA (King et al. 2001) genomes.

A population of sturgeon can go extinct as a consequence of demographic stochasticity
(fluctuations in population size due to random demographic events); the smaller the
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metapopulation (or population); the more prone it is to extinction. Anthropogenic impacts acting
on top of demographic stochasticity further increase the risk of extinction.

All shortnose sturgeon populations are highly sensitive to increases in juvenile mortality that
would result in reductions in the number of adult spawners (Anders et al. 2002; Gross et al.
2002; Secor 2002). Populations of shortnose sturgeon that do not have reliable natural
recruitment are at increased risk of experiencing population decline leading to extinction (Secor
et al. 2002). Elasticity studies of shortnose sturgeon indicate that the highest potential for
increased population size and stability comes from YOY and juveniles as compared to adults
(Gross et al. 2002); that is, increasing the number of YOY and juveniles has a more significant
long term impact to the population than does increasing the number of adults or the fecundity of
adults.

The Shortnose Sturgeon Recovery Plan (NMFS 1998) and the Shortnose Sturgeon Status Review
Team’s Biological Assessment of shortnose sturgeon (2010) identify habitat degradation or loss
and direct mortality as principal threats to the species’ survival. Natural and anthropogenic
factors continue to threaten the recovery of shortnose sturgeon and include: poaching, bycatch in
riverine fisheries, habitat alteration resulting from the presence of dams, in-water and shoreline
construction, including dredging; degraded water quality which can impact habitat suitability and
result in physiological effects to individuals including impacts on reproductive success; direct
mortality resulting from dredging as well as impingement and entrainment at water intakes; and,
loss of historical range due to the presence of dams. Shortnose sturgeon are also occasionally
killed as a result of research activities. The total number of sturgeon affected by these various
threats is not known. Climate change, particularly shifts in seasonal temperature regimes and
changes in the location of the salt wedge, may impact shortnose sturgeon in the future (more
information on Climate Change is presented in Section 6.0). More information on threats
experienced in the action area is presented in the Environmental Baseline section of this Opinion.

Survival and Recovery

The 1998 Recovery Plan outlines the steps necessary for recovery and indicates that each
population may be a candidate for downlisting (i.e., to threatened) when it reaches a minimum
population size that is large enough to prevent extinction and will make the loss of genetic
diversity unlikely; the minimum population size for each population has not yet been determined.
The Recovery Outline contains three major tasks: (1) establish delisting criteria; (2) protect
shortnose sturgeon populations and habitats; and, (3) rehabilitate habitats and population
segments. We know that in general, to recover, a listed species must have a sustained positive
trend of increasing population over time. To allow that to happen for sturgeon, individuals must
have access to enough habitat in suitable condition for foraging, resting and spawning. In many
rivers, particularly in the Southeast, habitat is compromised and continues to impact the ability of
sturgeon populations to recover. Conditions must be suitable for the successful development of
early life stages. Mortality rates must be low enough to allow for recruitment to all age classes so
that successful spawning can continue over time and over generations. There must be enough
suitable habitat for spawning, foraging, resting and migrations of all individuals. Habitat
connectivity must also be maintained so that individuals can migrate between important habitats
without delays that impact their fitness. The loss of any population or metapopulation would
result in the loss of biodiversity and would create (or widen) a gap in the species’ range.
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4.3.5 Summary of Status

Shortnose sturgeon remain listed as endangered throughout their range, with populations in the
Northeast being larger and generally more stable than populations in the Southeast. All
populations are affected by mortality incidental to other activities, including dredging, power
plant intakes and shad fisheries where those still occur, and impacts to habitat and water quality
that affect the ability of sturgeon to use habitats and impacts individuals that are present in those
habitats. While the species is overall considered to be stable (i.e., its trend has not changed
recently, and we are not aware of any new or emerging threats that would change the trend in the
future), we lack information on abundance and population dynamics in many rivers. We also do
not fully understand the extent of coastal movements and the importance of habitat in non-natal
rivers to migrant fish. While the species has high levels of genetic diversity, the lack of effective
movement between populations increases the vulnerability of the species should there be a
significant reduction in the number of individuals in any one population or metapopulation as
recolonization is expected to be very slow. All populations, regardless of size, are faced with
threats that result in the mortality of individuals and/or affect the suitability of habitat and may
restrict the further growth of the population. Additionally, there are several factors that combine
to make the species particularly sensitive to existing and future threats; these factors include: the
small size of many populations, existing gaps in the range, late maturation, the sensitivity of
adults to very specific spawning cues which can result in years with no recruitment, and the
impact of losses of young of the year and juveniles to population persistence and stability.

4.4  Status of Atlantic sturgeon

The section below describes the Atlantic sturgeon listing, provides life history information that is
relevant to all DPSs of Atlantic sturgeon and then provides information specific to the status of
each DPS of Atlantic sturgeon. Below, we also provide a description of which Atlantic sturgeon
DPSs likely occur in the action area and provide information on the use of the action area by
Atlantic sturgeon (see Environmental Baseline, section 5.0).

The Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) is a subspecies of sturgeon distributed
along the eastern coast of North America from Hamilton Inlet, Labrador, Canada to Cape
Canaveral, Florida, USA (Scott and Scott, 1988; ASSRT, 2007; T. Savoy, CT DEP, pers.
comm.). We have delineated U.S. populations of Atlantic sturgeon into five DPSs (77 FR 5880
and 77 FR 5914, February 6, 2012). These are: the Gulf of Maine, New York Bight, Chesapeake
Bay, Carolina, and South Atlantic DPSs (see Figure 10). The results of genetic studies suggest
that natal origin influences the distribution of Atlantic sturgeon in the marine environment
(Wirgin and King, 2011). However, genetic data as well as tracking and tagging data
demonstrate sturgeon from each DPS and Canada occur throughout the full range of the
subspecies. Therefore, sturgeon originating from any of the five DPSs can be affected by threats
in the marine, estuarine and riverine environment that occur far from natal spawning rivers.
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Figure 10: Map Depicting the five Atlantic sturgeon DPSs

The New York Bight, Chesapeake Bay, Carolina, and South Atlantic DPSs are listed as
endangered, and the Gulf of Maine DPS is listed as threatened (77 FR 5880 and 77 FR 5914,
February 6, 2012). The effective date of the listings was April 6, 2012. The DPSs do not include
Atlantic sturgeon spawned in Canadian rivers. Therefore, Canadian spawned fish are not
included in the listings.

As described below, only individuals from the Gulf of Maine DPS are expected to occur in the
action area.

4.4.1 Determination of DPS Composition in the Action Area

As explained above, the range of all five DPSs overlaps and extends from Canada through Cape
Canaveral, Florida. The distribution of Atlantic sturgeon is influenced by geography, with
Atlantic sturgeon from a particular DPS becoming less common the further from the river of
origin one moves. Areas that are geographically close are expected to have a similar composition
of individuals. We have considered the best available information to determine from which DPSs
individuals in the action area are likely to have originated.

There is currently no mixed stock analysis for the Androscoggin River or Kennebec Rivers.
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Mixed stock analysis is available for the Bay of Fundy. Given the geographic proximity of the
Bay of Fundy to the action area, it is reasonable to anticipate similar distribution in these two
areas (93% Gulf of Maine DPS (60% St. John, 40% Kennebec) and 7% New York Bight DPS).
However, in the action area we would expect a higher frequency of Androscoggin and Kennebec
River origin individuals than St. John River individuals. As such, in the Kennebec River System
(including the Androscoggin River) we expect Atlantic sturgeon to occur at the following
frequencies: Gulf of Maine 93% (60-100% Androscoggin and Kennebec and up to 40% St. John
(Canada)) and 7% New York Bight. These occurrences are supported by preliminary genetic
analyses of fish caught in the Gulf of Maine (see Damon-Randall et al. 2013). The genetic
assignments have a plus/minus 5% confidence interval; however, for purposes of section 7
consultation we have selected the reported values above, which approximate the mid-point of the
range, as a reasonable indication of the likely genetic makeup of Atlantic sturgeon in the action
area. These assignments and the data from which they are derived are described in detail by
Damon-Randall et al. (2013).

As we will discuss in the Environmental Baseline (section 5.6), we only expect spawning adult
Atlantic sturgeon to travel to the action area. While adult Atlantic sturgeon do enter non-natal
rivers, we only expect natal fish to occur on the spawning grounds during the spawning season.
As such, all Atlantic sturgeon in the action area will be from the Gulf of Maine DPS (ASSRT
2007).

4.4.2 Atlantic sturgeon life history

Atlantic sturgeon are long lived (approximately 60 years), late maturing, estuarine dependent,
anadromous’ fish (Bigelow and Schroeder, 1953; Vladykov and Greeley 1963; Mangin, 1964;
Pikitch et al., 2005; Dadswell, 2006; ASSRT, 2007).

The life history of Atlantic sturgeon can be divided up into five general categories as described
in the table below (adapted from ASSRT 2007).

Table 7: Descriptions of Atlantic sturgeon life history stages

Age Class Size Duration Description
Hatching occurs
~3-6 days after egg
~2mm —3 mm deposition and
diameter (Van fertilization
Eenannnam et al. [ (ASSRT 2007, p. | Fertilized or
Egg 1996, p. 773) 4) unfertilized
~6mm — 14 mm 8-12 days post Negative photo-
Yolk-sac larvae (Bath et al. 1981, | hatch (ASSRT taxic, nourished by
(YSL) pp. 714-715) 2007, p.4) yolk sac

" Anadromous refers to a fish that is born in freshwater, spends most of its life in the sea, and returns to freshwater to
spawn (NEFSC FAQ'’s, available at http://www.nefsc.noaa.gov/fag/fishfagla.html, modified June 16, 2011)
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Age Class

Size

Duration

Description

Post yolk-sac
larvae (PYSL)

~14mm - 37mm
(Bath et al. 1981,
pp. 714-715)

12-40 days post
hatch

Free swimming;
feeding; Silt/sand
bottom, deep
channel; fresh
water

Young of Year

0.3 grams <410mm

From 40 days to 1
year

Fish that are > 40
days and < one
year; capable of
capturing and
consuming live

(YOY) TL food
1 year to time at Fish that are at
which first coastal | least age 1 and are
migration is made || not sexually mature
>410mm and and do not make
Juveniles <760mm TL coastal migrations.
From first coastal | Fish that are not
migration to sexual [l sexually mature but
>760 mm and maturity make coastal
Subadults <1500 mm TL migrations
Post-maturation Sexually mature
Adults >1500 mm TL fish

Atlantic sturgeons are bottom feeders that suck food into a ventrally-located protruding mouth
(Bigelow and Schroeder, 1953). Four barbels in front of the mouth assist the sturgeon in locating
prey (Bigelow and Schroeder, 1953). Diets of adult and migrant subadult Atlantic sturgeon
include mollusks, gastropods, amphipods, annelids, decapods, isopods, and fish such as sand
lance (Bigelow and Schroeder, 1953; ASSRT, 2007; Guilbard et al., 2007; Savoy, 2007).
Juvenile Atlantic sturgeon feed on aquatic insects, insect larvae, and other invertebrates (Bigelow
and Schroeder, 1953; ASSRT, 2007; Guilbard et al., 2007).

Rate of maturation is affected by water temperature and gender. In general: (1) Atlantic sturgeon
that originate from southern systems grow faster and mature sooner than Atlantic sturgeon that
originate from more northern systems; (2) males grow faster than females; (3) fully mature
females attain a larger size (i.e. length) than fully mature males; and (4) the length of Atlantic
sturgeon caught since the mid-late 20" century have typically been less than 3 meters (m) (Smith
et al., 1982; Smith et al., 1984; Smith, 1985; Scott and Scott, 1988; Young et al., 1998; Collins
et al., 2000; Caron et al., 2002; Dadswell, 2006; ASSRT, 2007; Kahnle et al., 2007; DFO, 2011).
The largest recorded Atlantic sturgeon was a female captured in 1924 that measured
approximately 4.26 m (Vladykov and Greeley, 1963). Dadswell (2006) reported seeing seven
fish of comparable size in the St. John River estuary from 1973 to 1995. Observations of large-
sized sturgeon are particularly important given that egg production is correlated with age and
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body size (Smith et al., 1982; Van Eenennaam et al., 1996; Van Eenennaam and Doroshov,
1998; Dadswell, 2006). However, while females are prolific with egg production ranging from
400,000 to 4 million eggs per spawning year, females spawn at intervals of 2-5 years (VIadykov
and Greeley, 1963; Smith et al., 1982; VVan Eenennaam et al., 1996; VVan Eenennaam and
Doroshov, 1998; Stevenson and Secor, 1999; Dadswell, 2006). Given spawning periodicity and a
female’s relatively late age to maturity, the age at which 50 percent of the maximum lifetime egg
production is achieved is estimated to be 29 years (Boreman, 1997). Males exhibit spawning
periodicity of 1-5 years (Smith, 1985; Collins et al., 2000; Caron et al., 2002). While long-lived,
Atlantic sturgeon are exposed to a multitude of threats prior to achieving maturation and have a
limited number of spawning opportunities once mature.

Water temperature plays a primary role in triggering the timing of spawning migrations
(ASMFC, 2009). Spawning migrations generally occur during February-March in southern
systems, April-May in Mid-Atlantic systems, and May-July in Canadian systems (Murawski and
Pacheco, 1977; Smith, 1985; Bain, 1997; Smith and Clugston, 1997; Caron et al., 2002). Male
sturgeon begin upstream spawning migrations when waters reach approximately 6° C (43° F)
(Smith et al., 1982; Dovel and Berggren, 1983; Smith, 1985; ASMFC, 2009), and remain on the
spawning grounds throughout the spawning season (Bain, 1997). Females begin spawning
migrations when temperatures are closer to 12° C to 13° C (54° to 55° F) (Dovel and Berggren,
1983; Smith, 1985; Collins et al., 2000), make rapid spawning migrations upstream, and quickly
depart following spawning (Bain, 1997).

While the exact spawning locations in all rivers are not known, the habitat characteristics of
spawning areas have been identified based on historical accounts of where fisheries occurred,
tracking and tagging studies of spawning sturgeon, and physiological needs of early life stages.
Spawning is believed to occur in flowing water between the salt front of estuaries and the fall
line of large rivers, when and where optimal flows are 46-76 cm/s and depths are 3-27 m
(Borodin, 1925; Dees, 1961; Leland, 1968; Scott and Crossman, 1973; Crance, 1987; Shirey et
al. 1999; Bain et al., 2000; Collins et al., 2000; Caron et al. 2002; Hatin et al. 2002; ASMFC,
2009). Sturgeon eggs are deposited on hard bottom substrate such as cobble, coarse sand, and
bedrock (Dees, 1961; Scott and Crossman, 1973; Gilbert, 1989; Smith and Clugston, 1997; Bain
et al. 2000; Collins et al., 2000; Caron et al., 2002; Hatin et al., 2002; Mohler, 2003; ASMFC,
2009), and become adhesive shortly after fertilization (Murawski and Pacheco, 1977; Van den
Avyle, 1983; Mohler, 2003). Incubation time for the eggs increases as water temperature
decreases (Mohler, 2003). At temperatures of 20° and 18° C, hatching occurs approximately 94
and 140 hours, respectively, after egg deposition (ASSRT, 2007).

Larval Atlantic sturgeon (i.e. less than 4 weeks old, with total lengths (TL) less than 30 mm; Van
Eenennaam et al. 1996) are assumed to undertake a demersal existence and inhabit the same
riverine or estuarine areas where they were spawned (Smith et al., 1980; Bain et al., 2000;
Kynard and Horgan, 2002; ASMFC, 2009). Studies suggest that age-0 (i.e., young-of-year), age-
1, and age-2 juvenile Atlantic sturgeon occur in low salinity waters of the natal estuary (Haley,
1999; Hatin et al., 2007; McCord et al., 2007; Munro et al., 2007) while older fish are more salt
tolerant and occur in higher salinity waters as well as low salinity waters (Collins et al., 2000).
Atlantic sturgeon remain in the natal estuary for months to years before emigrating to open ocean
as subadults (Holland and Yelverton, 1973; Dovel and Berggren, 1983; Waldman et al., 1996;
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Dadswell, 2006; ASSRT, 2007).

After emigration from the natal estuary, subadults and adults travel within the marine
environment, typically in waters less than 50 m in depth, using coastal bays, sounds, and ocean
waters (Vladykov and Greeley, 1963; Murawski and Pacheco, 1977; Dovel and Berggren, 1983;
Smith, 1985; Collins and Smith, 1997; Welsh et al., 2002; Savoy and Pacileo, 2003; Stein et al.,
2004; Laney et al., 2007; Dunton et al., 2010; Erickson et al., 2011; Wirgin and King, 2011).
Tracking and tagging studies reveal seasonal movements of Atlantic sturgeon along the coast.
Satellite-tagged adult sturgeon from the Hudson River concentrated in the southern part of the
Mid-Atlantic Bight at depths greater than 20 m during winter and spring, and in the northern
portion of the Mid-Atlantic Bight at depths less than 20 m in summer and fall (Erickson et al.,
2011). Shirey (Delaware Department of Fish and Wildlife, unpublished data reviewed in
ASMFC, 2009) found a similar movement pattern for subadult Atlantic sturgeon based on
recaptures of fish originally tagged in the Delaware River. After leaving the Delaware River
estuary during the fall, subadult Atlantic sturgeon were recaptured by commercial fishermen in
nearshore waters along the Atlantic coast as far south as Cape Hatteras, North Carolina from
November through early March. In the spring, a portion of the tagged fish re-entered the
Delaware River estuary. However, many fish continued a northerly coastal migration through the
Mid-Atlantic as well as into southern New England waters where they were recovered
throughout the summer months. Movements as far north as Maine were documented. A southerly
coastal migration was apparent from tag returns reported in the fall. The majority of these tag
returns were reported from relatively shallow near shore fisheries with few fish reported from
waters in excess of 25 m (C. Shirey, Delaware Department of Fish and Wildlife, unpublished
data reviewed in ASMFC, 2009). Areas where migratory Atlantic sturgeon commonly aggregate
include the Bay of Fundy (e.g., Minas and Cumberland Basins), Massachusetts Bay, Connecticut
River estuary, Long Island Sound, New York Bight, Delaware Bay, Chesapeake Bay, and waters
off of North Carolina from the Virginia/North Carolina border to Cape Hatteras at depths up to
24 m (Dovel and Berggren, 1983; Dadswell et al., 1984; Johnson et al., 1997; Rochard et al.,
1997; Kynard et al., 2000; Eyler et al., 2004; Stein et al., 2004; Wehrell, 2005; Dadswell, 2006;
ASSRT, 2007; Laney et al., 2007). These sites may be used as foraging sites and/or thermal
refuge.

4.4.3 Distribution and Abundance

In the mid to late 19" century, Atlantic sturgeon underwent significant range-wide declines from
historical abundance levels due to overfishing for the caviar market (Scott and Crossman 1973;
Taub 1990; Smith and Clugston 1997; Dadswell 2006; ASSRT 2007). Abundance of spawning-
aged females prior to this period of exploitation was predicted to be greater than 100,000 for the
Delaware River, and at least 10,000 females for other spawning stocks (Secor and Waldman
1999; Secor 2002). Historical records suggest that Atlantic sturgeon spawned in at least 35 rivers
prior to this period. Currently, only 17 U.S. rivers are known to support spawning (i.e., presence
of young-of-year or gravid Atlantic sturgeon documented within the past 15 years) (ASSRT
2007). While there may be other rivers supporting spawning for which definitive evidence has
not been obtained (e.g., in the Penobscot and York Rivers), the number of rivers supporting
spawning of Atlantic sturgeon are approximately half of what they were historically. In addition,
only five rivers (Kennebec, Androscoggin, Hudson, Delaware, James) are known to currently
support spawning from Maine through Virginia, where historical records show that there used to
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be 15 spawning rivers (ASSRT 2007). Currently, there are substantial gaps between Atlantic
sturgeon spawning rivers among northern and Mid-Atlantic states which could slow the rate of
recolonization of extirpated populations.

At the time of the listing, there were no current, published population abundance estimates for
any of the currently known spawning stocks or for any of the five DPSs of Atlantic sturgeon. An
estimate of 863 mature adults per year (596 males and 267 females) was calculated for the
Hudson River based on fishery-dependent data collected from 1985 to 1995 (Kahnle et al.,
2007). An estimate of 343 spawning adults per year is available for the Altamaha River, GA,
based on fishery-independent data collected in 2004 and 2005 (Schueller and Peterson 2006).
Using the data collected from the Hudson and Altamaha Rivers to estimate the total number of
Atlantic sturgeon in either subpopulation is not possible, since mature Atlantic sturgeon may not
spawn every year (Vladykov and Greeley 1963; Smith 1985; Van Eenennaam et al. 1996;
Stevenson and Secor 1999; Collins et al. 2000; Caron et al. 2002), the age structure of these
populations is not well understood, and stage-to-stage survival is unknown. In other words, the
information that would allow us to take an estimate of annual spawning adults and expand that
estimate to an estimate of the total number of individuals (e.g., yearlings, subadults, and adults)
in a population is lacking. The ASSRT presumed that the Hudson and Altamaha rivers had the
most robust of the remaining U.S. Atlantic sturgeon spawning populations and concluded that
the other U.S. spawning populations were likely less than 300 spawning adults per year (ASSRT
2007).

Lacking complete estimates of population abundance across the distribution of Atlantic sturgeon,
the NEFSC developed a virtual population analysis model with the goal of estimating bounds of
Atlantic sturgeon ocean abundance (see Kocik et al. 2013). The NEFSC suggested that
cumulative annual estimates of surviving fishery discards could provide a minimum estimate of
abundance. The objectives of producing the Atlantic Sturgeon Production Index (ASPI) were to
characterize uncertainty in abundance estimates arising from multiple sources of observation and
process error and to complement future efforts to conduct a more comprehensive stock
assessment (see Table 8 and Table 9). The ASPI provides a general abundance metric to assess
risk for actions that may affect Atlantic sturgeon in the ocean. In general, the model uses
empirical estimates of post-capture survivors and natural survival, as well as probability
estimates of recapture using tagging data from the United States Fish and Wildlife Service
(USFWS) sturgeon tagging database?, and federal fishery discard estimates from 2006 to 2010 to
produce a virtual population.

In additional to the ASPI, a population estimate was derived from the Northeast Area Monitoring
and Assessment Program (NEAMAP) (Table 8 and Table 9). NEAMAP trawl surveys are
conducted from Cape Cod, Massachusetts to Cape Hatteras, North Carolina in nearshore waters
at depths up to 18.3 meters (60 feet) during the fall and spring. Fall surveys have been ongoing
since 2007 and spring surveys since 2008. Each survey employs a spatially stratified random
design with a total of 35 strata and 150 stations.

8 The USFWS sturgeon tagging database is a repository for sturgeon tagging information on the Atlantic coast. The
database contains tag, release, and recapture information from state and federal researchers. The database records
recaptures by the fishing fleet, researchers, and researchers on fishery vessels.
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Table 8: Description of the ASPI model and NEAMAP survey based area estimate method

Model Name Maodel Description

A. ASPI Uses tag-based estimates of recapture probabilities from 1999 to
2009. Natural mortality based on Kahnle et al. (2007) rather than
estimates derived from tagging model. Tag recaptures from
commercial fisheries are adjusted for non-reporting based on
recaptures from observers and researchers. Tag loss assumed to be

zero.
B. NEAMAP Uses NEAMAP survey-based swept area estimates of abundance
Swept Area and assumed estimates of gear efficiency. Estimates based on

average of ten surveys from fall 2007 to spring 2012.

Table 9: Modeled Results

Model Run Model 95% low Mean 95% high
Years

A. ASPI 1999-2009 165,381 417,934 744,597
B.1 NEAMAP Survey, swept 2007-2012 8,921 33,888 58,856
area assuming 100% efficiency

B.2 NEAMAP Survey, swept 2007-2012 13,962 67,776 105,984
area assuming 50% efficiency

B.3 NEAMAP Survey, swept 2007-2012 89,206 338,882 588,558
area assuming 10% efficiency

The information from the NEAMAP survey can be used to calculate minimum swept area
population estimates within the strata swept by the survey. The estimate from fall surveys ranges
from 6,980 to 42,160 with coefficients of variation between 0.02 and 0.57, and the estimates
from spring surveys ranges from 25,540 to 52,990 with coefficients of variation between 0.27
and 0.65 (Table 10). These are considered minimum estimates because the calculation makes the
assumption that the gear will capture (i.e. net efficiency) 100% of the sturgeon in the water
column along the tow path and that all sturgeon are with the sampling domain of the survey. We
define catchability as: 1) the product of the probability of capture given encounter (i.e. net
efficiency), and 2) the fraction of the population within the sampling domain. Catchabilities less
than 100% will result in estimates greater than the minimum. The true catchability depends on
many factors including the availability of the species to the survey and the behavior of the
species with respect to the gear. True catchabilities much less than 100% are common for most
species. The ratio of total sturgeon habitat to area sampled by the NEAMAP survey is unknown,
but is certainly greater than one (i.e. the NEAMAP survey does not survey 100% of the Atlantic
sturgeon habitat).
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Table 10: Annual minimum swept area estimates for Atlantic sturgeon during the spring and fall
from the Northeast Area Monitoring and Assessment Program survey. Estimates assume 100%
net efficiencies. Estimates provided by Dr. Chris Bonzek (VIMS)

Fall Spring

Year MNumber [y Mumber v
2007 6.981 0.015

2008 33,949 0.322 25341 0.391
2009 32227 0.316 41.196 0.353
2010 42 164 0.566 52,992 0.265
2011 22932 0.399 52,840 0480
2012 28.060 0.652

Available data do not support estimation of true catchabilty (i.e., net efficiency X availability) of
the NEAMAP trawl survey for Atlantic sturgeon. Thus, the NEAMAP swept area biomass
estimates were produced and presented in Kocik et al. (2013) for catchabilities from 5 to 100%.
In estimating the efficiency of the sampling net, we consider the likelihood that an Atlantic
sturgeon in the survey area is likely to be captured by the trawl. Assuming the NEAMAP surveys
have been 100% efficient would require the unlikely assumption that the survey gear captures all
Atlantic sturgeon within the path of the trawl and all sturgeon are within the sampling area of the
NEAMAP survey. In estimating the fraction of the Atlantic sturgeon population within the
sampling area of the NEAMAP, we consider that the NEAMAP-based estimates do not include
young of the year fish and juveniles in the rivers where the NEAMAP survey does not sample.
Although the NEAMAP surveys are not conducted in the Gulf of Maine or south of Cape
Hatteras, NC, the NEAMAP surveys are conducted from Cape Cod to Cape Hatteras at depths up
to 18.3 meters (60 feet), which includes the preferred depth ranges of subadult and adult Atlantic
sturgeon. NEAMAP surveys take place during seasons that coincide with known Atlantic
sturgeon coastal migration patterns in the ocean. The NEAMAP estimates are minimum
estimates of the ocean population of Atlantic sturgeon based on sampling in a large portion of the
marine range of the five DPSs, in known sturgeon coastal migration areas during times that
sturgeon are expected to be migrating north and south.

Based on the above, we consider that the NEAMAP samples an area utilized by Atlantic
sturgeon, but does not sample all the locations and times where Atlantic sturgeon are present and
the trawl net captures some, but likely not all, of the Atlantic sturgeon present in the sampling
area. Therefore, we assumed that net efficiency and the fraction of the population exposed to the
NEAMAP survey in combination result in a 50% catchability. The 50% catchability assumption
seems to reasonably account for the robust, yet not complete sampling of the Atlantic sturgeon
oceanic temporal and spatial ranges and the documented high rates of encounter with NEAMAP
survey gear and Atlantic sturgeon.

The ASPI model projects a mean population size of 417,934 Atlantic sturgeon and the NEAMAP
Survey projects mean population sizes ranging from 33,888 to 338,882 depending on the
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assumption made regarding efficiency of that survey (see Table 9). The ASPI model uses
estimates of post-capture survivors and natural survival, as well as probability estimates of
recapture using tagging data from the U. S. Fish and Wildlife Service (USFWS) sturgeon tagging
database, and federal fishery discard estimates from 2006 to 2010 to produce a virtual
population. The NEAMAP estimate, in contrast, does not depend on as many assumptions. For
the purposes of this Opinion, we consider the NEAMAP estimate resulting from the 50%
catchability rate, as the best available information on the number of subadult and adult Atlantic
sturgeon in the ocean.

The ocean population abundance of 67,776 fish estimated from the NEAMAP survey assuming
50% efficiency (based on net efficiency and the fraction of the total population exposed to the
survey) was subsequently partitioned by DPS based on genetic frequencies of occurrence (Table
11) in the sampled area. Given the proportion of adults to subadults in the observer database
(approximate ratio of 1:3), we have also estimated a number of subadults originating from each
DPS. However, this cannot be considered an estimate of the total number of subadults because it
only considers those subadults that are of a size vulnerable to capture in commercial sink gillnet
and otter trawl gear in the marine environment and are present in the marine environment, which
is only a fraction of the total number of subadults.

Table 11: Summary of calculated population estimates based upon the NEAMAP Survey swept
area*

DPS Estimated Ocean | Estimated Ocean Estimated Ocean
Population Population of Population of
Abundance Adults Subadults (of size
vulnerable to capture
in fisheries)
GOM 7,455 1,864 5,591
NYB** 34,566 8,642 25,925
CB 8,811 2,203 6,608
Carolina 1,356 339 1,017
SA 14,911 3,728 11,183
Canada 678 170 509

* Summary of calculated population estimates based upon the NEAMAP Survey swept area
assuming 50% efficiency (based on net efficiency and area sampled) derived from applying
the Mixed Stock Analysis to the total estimate of Atlantic sturgeon in the Ocean and the 1:3
ratio of adults to subadults)

** Genetic testing conducted on Atlantic sturgeon sampled by the NEFOP indicates that
approximately 91% of the NYB Atlantic Sturgeon originate from the Hudson River.

The ASMFC released a new Atlantic sturgeon stock assessment in October 2017. The
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assessment used both fishery-dependent and fishery-independent data, as well as biological and
life history information. Fishery-dependent data came from commercial fisheries that formerly
targeted Atlantic sturgeon (before the moratorium), as well as fisheries that catch sturgeon
incidentally. Fishery-independent data were collected from scientific research and survey
programs.

Table 12: Stock status determination for the coastwide stock and DPSs (from ASMFC’s Atlantic
Sturgeon Stock Assessment Overview, October 2017)

Mortality Status Biomass/Abundance Status
Probability that Relative to Average probability of terminal
Population Z > Zeguepr BO% Historical Levels year of indices > 1998* value
Coastwide Depleted
Gulf of Maine Depleted
MNew York Bight Depleted
Chesapeake Bay Depleted
Carolina Depleted
South Atlantic Depleted Unknown (no suitable indices)

*For indices that started after 1998, the first year of the index was used as the reference value.

At the coastwide and DPS levels, the stock assessment concluded that Atlantic sturgeon are
depleted relative to historical levels. The low abundance of Atlantic sturgeon is not due solely to
effects of historic commercial fishing, so the ‘depleted’ status was used instead of ‘overfished.’
This status reflects the array of variables preventing Atlantic sturgeon recovery (e.g., bycatch,
habitat loss, and ship strikes).

As described in the Assessment Overview, Table 12 shows “the stock status determination for
the coastwide stock and DPSs based on mortality estimates and biomass/abundance status
relative to historic levels, and the terminal year (i.e., the last year of available data) of indices
relative to the start of the moratorium as determined by the ARIMA?® analysis.”

Despite the depleted status, the assessment did include signs that the coastwide index is above
the 1998 value (95% chance). The Gulf of Maine DPS, New York Bight DPS, and Carolina DPS
indices also all had a greater than 50% chance of being above their 1998 value; however, the
index from the Chesapeake Bay DPS (highlighted red) only had a 36% chance of being above
the 1998 value. There were no representative indices for the South Atlantic DPS. Total mortality
from the tagging model was very low at the coastwide level. Small sample sizes made mortality
estimates at the DPS level more difficult. The New York Bight, Chesapeake Bay, and South
Atlantic DPSs all had a less than 50% chance of having a mortality rate higher than the
threshold. The Gulf of Maine and Carolina DPSs (highlighted red) had 74-75% probability of
being above the mortality threshold (ASMFC 2017).

® “The ARIMA (Auto-Regressive Integrated Moving Average) model uses fishery-independent indices of
abundance to estimate how likely an index value is above or below a reference value” (ASMFC 2017).
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4.4.4 Threats faced by Atlantic sturgeon throughout their range

Atlantic sturgeon are susceptible to over exploitation given their life history characteristics (e.qg.,
late maturity, dependence on a wide-variety of habitats). Similar to other sturgeon species
(Vladykov and Greeley, 1963; Pikitch et al., 2005), Atlantic sturgeon experienced range-wide
declines from historical abundance levels due to overfishing (for caviar and meat) and impacts to
habitat in the 19" and 20" centuries (Taub, 1990; Smith and Clugston, 1997; Secor and
Waldman, 1999).

Because a DPS is a group of populations, the stability, viability, and persistence of individual
populations that make up the DPS can affect the persistence and viability of the larger DPS. The
loss of any population within a DPS could result in: (1) a long-term gap in the range of the DPS
that is unlikely to be recolonized; (2) loss of reproducing individuals; (3) loss of genetic
biodiversity; (4) loss of unique haplotypes; (5) loss of adaptive traits; and (6) reduction in total
number. The persistence of individual populations, and in turn the DPS, depends on successful
spawning and rearing within the freshwater habitat, emigration to marine habitats to grow, and
return of adults to natal rivers to spawn.

Based on the best available information, we have concluded that unintended catch of Atlantic
sturgeon in fisheries, vessel strikes, poor water quality, water availability, dams, lack of
regulatory mechanisms for protecting the fish, and dredging are the most significant threats to
Atlantic sturgeon (77 FR 5880 and 77 FR 5914; February 6, 2012). While all of the threats are
not necessarily present in the same area at the same time, given that Atlantic sturgeon subadults
and adults use ocean waters from the Labrador, Canada to Cape Canaveral, FL, as well as
estuaries of large rivers along the U.S. East Coast, activities affecting these water bodies are
likely to impact more than one Atlantic sturgeon DPS. In addition, given that Atlantic sturgeon
depend on a variety of habitats, every life stage is likely affected by one or more of the identified
threats.

An ASMFC interstate fishery management plan for sturgeon (Sturgeon FMP) was developed and
implemented in 1990 (Taub, 1990). In 1998, the remaining Atlantic sturgeon fisheries in U.S.
state waters were closed per Amendment 1 to the Sturgeon FMP. Complementary regulations
were implemented by NMFS in 1999 that prohibit fishing for, harvesting, possessing or retaining
Atlantic sturgeon or its parts in or from the Exclusive Economic Zone in the course of a
commercial fishing activity.

Commercial fisheries for Atlantic sturgeon still exist in Canadian waters (DFO, 2011). Sturgeon
belonging to one or more of the DPSs may be harvested in the Canadian fisheries. In particular,
the Bay of Fundy fishery in the Saint John estuary may capture sturgeon of U.S. origin given that
sturgeon from the Gulf of Maine and the New York Bight DPSs have been incidentally captured
in other Bay of Fundy fisheries (DFO, 2011; Wirgin and King, 2011). Because Atlantic sturgeon
are listed under Appendix Il of the Convention on International Trade in Endangered Species
(CITES), the U.S. and Canada are currently working on a conservation strategy to address the
potential for captures of U.S. fish in Canadian directed Atlantic sturgeon fisheries and of
Canadian fish incidentally in U.S. commercial fisheries. At this time, there are no estimates of
the number of individuals from any of the DPSs that are captured or killed in Canadian fisheries
each year.
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Based on geographic distribution, most U.S. Atlantic sturgeon that are intercepted in Canadian
fisheries are likely to originate from the Gulf of Maine DPS, with a smaller percentage from the
New York Bight DPS.

Individuals from all 5 DPSs are caught as bycatch in fisheries operating in U.S. waters. At this
time, we have an estimate of the number of Atlantic sturgeon captured and killed in sink gillnet
and otter trawl fisheries authorized by Federal FMPs (NEFSC 2011) in the Northeast Region but
do not have a similar estimate for Southeast fisheries. We also do not have an estimate of the
number of Atlantic sturgeon captured or killed in state fisheries. At this time, we are not able to
quantify the effects of other significant threats (e.g., vessel strikes, poor water quality, water
availability, dams, and dredging) in terms of habitat impacts or loss of individuals. While we
have some information on the number of mortalities that have occurred in the past in association
with certain activities (e.g., mortalities in the Delaware and James rivers that are thought to be
due to vessel strikes), we are not able to use those numbers to extrapolate effects throughout one
or more DPS. This is because of (1) the small number of data points and, (2) lack of information
on the percent of incidences that the observed mortalities represent.

As noted above, the NEFSC prepared an estimate of the number of encounters of Atlantic
sturgeon in fisheries authorized by Northeast FMPs (NEFSC 2011). The analysis prepared by the
NEFSC estimates that from 2006 through 2010 there were 2,250 to 3,862 encounters per year in
observed gillnet and trawl fisheries, with an average of 3,118 encounters. Mortality rates in
gillnet gear are approximately 20%. Mortality rates in otter trawl gear are believed to be lower at
approximately 5%.

Based on the results of our NEFSC’s climate vulnerability analysis, diadromous fish are amongst
the functional groups with the highest overall climate vulnerability (data quality is moderate;
Hare et al. 2016a). Specifically, the overall vulnerability of Atlantic sturgeon to climate change
is very high (Hare et al., 2016a). The contributing factors to climate exposure included ocean
surface temperature, air temperature and ocean acidification, and contributing biological
sensitivity attributes included stock status, population growth rate, habitat specialization, and
dispersal and early life history (Hare et al., 2016a). Hare et al. (2016a) noted some of the
following studies related to climate change effects on abundance and distribution: 1) juvenile
metabolism and survival were impacted by increasing hypoxia in combination with increasing
temperature (Secor and Gunderson; 1998); and 2) a 1°C temperature increase reduced
productivity by 65% when a multivariable bioenergetics and survival model was used to generate
spatially explicit maps of potential production in the Chesapeake Bay (Niklitschek and Secor,
2005). We further discuss the effects of climate change below in Section 6.0.

4.5 Gulf of Maine DPS of Atlantic sturgeon

The Gulf of Maine DPS includes the following: all anadromous Atlantic sturgeons that are
spawned in the watersheds from the Maine/Canadian border and, extending southward, all
watersheds draining into the Gulf of Maine as far south as Chatham, MA. Within this range,
Atlantic sturgeon historically spawned in at least the Androscoggin, Kennebec, Merrimack,
Penobscot, and Sheepscot Rivers (ASSRT, 2007). Spawning habitat is available and accessible
in the Penobscot, Androscoggin, Kennebec, Merrimack, and Piscataqua (inclusive of the
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Cocheco and Salmon Falls rivers) rivers. Spawning has been documented in the Kennebec
River. In the Androscoggin River, captures of adult Atlantic sturgeon, including a ripe male,
over suitable spawning grounds during the spawning season confirm likely spawning; however
Atlantic sturgeon eggs and larvae have not yet been recovered in the Androscoggin
(Wippelhauser pers. comm. 2018). Despite the availability of suitable habitat and the presence of
Atlantic sturgeon in the remaining rivers, there is currently no evidence spawning activity in
these rivers.

Studies are on-going to determine whether Atlantic sturgeon are spawning in these rivers.
Atlantic sturgeons that are spawned elsewhere continue to use habitats within all of these rivers
as part of their overall marine range (ASSRT, 2007). The movement of subadult and adult
sturgeon between rivers, including to and from the Kennebec River and the Penobscot River,
demonstrates that coastal and marine migrations are key elements of Atlantic sturgeon life
history for the Gulf of Maine DPS as well as likely throughout the entire range (ASSRT, 2007;
Fernandes, et al. 2010).

Bigelow and Schroeder (1953) surmised that Atlantic sturgeon likely spawned in Gulf of Maine
Rivers in May-July. More recent captures of Atlantic sturgeon in spawning condition within the
Kennebec River suggest that spawning more likely occurs in June-July (Squiers et al., 1981,
ASMFC, 1998; NMFS and USFWS, 1998). Evidence for the timing and location of Atlantic
sturgeon spawning in the Kennebec River includes: (1) the capture of five adult male Atlantic
sturgeon in spawning condition (i.e., expressing milt) in July 1994 below the (former) Edwards
Dam; (2) capture of 31 adult Atlantic sturgeon from June 15, 1980, through July 26, 1980, in a
small commercial fishery directed at Atlantic sturgeon from the South Gardiner area (above
Merrymeeting Bay) that included at least 4 ripe males and 1 ripe female captured on July
26,1980; and, (3) capture of nine adults during a gillnet survey conducted from 1977-1981, the
majority of which were captured in July in the area from Merrymeeting Bay and upriver as far as
Gardiner, ME (NMFS and USFWS, 1998; ASMFC 2007). The low salinity values for waters
above Merrymeeting Bay are consistent with values found in other rivers where successful
Atlantic sturgeon spawning is known to occur.

Several threats play a role in shaping the current status of Gulf of Maine DPS Atlantic sturgeon.
Historical records provide evidence of commercial fisheries for Atlantic sturgeon in the
Kennebec and Androscoggin Rivers dating back to the 17%" century (Squiers et al. 1979). In
1849, 160 tons of sturgeon was caught in the Kennebec River by local fishermen (Squiers et al.
1979). Following the 1880s, the sturgeon fishery was almost non-existent due to a collapse of the
sturgeon stocks. All directed Atlantic sturgeon fishing as well as retention of Atlantic sturgeon
by-catch has been prohibited since 1998. Nevertheless, mortalities associated with bycatch in
fisheries occurring in state and federal waters still occurs. In the marine range, Gulf of Maine
DPS Atlantic sturgeon are incidentally captured in federal and state managed fisheries, reducing
survivorship of subadult and adult Atlantic sturgeon (Stein et al., 2004; ASMFC 2007). As
explained above, we have estimates of the number of subadults and adults that are killed as a
result of bycatch in fisheries authorized under Northeast FMPs. At this time, we are not able to
quantify the impacts from other threats or estimate the number of individuals killed as a result of
other anthropogenic threats. Habitat disturbance and direct mortality from anthropogenic sources
are the primary concerns.
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Riverine habitat may be impacted by dredging and other in-water activities, disturbing spawning
habitat and also altering the benthic forage base. Many rivers in the Gulf of Maine DPS have
navigation channels that are maintained by dredging. Dredging outside of Federal channels and
in-water construction occurs throughout the Gulf of Maine DPS. While some dredging projects
operate with observers present to document fish mortalities, many do not. To date we have not
received any reports of Atlantic sturgeon killed during dredging projects in the Gulf of Maine
region; however, as noted above, not all projects are monitored for interactions with fish. At this
time, we do not have any information to quantify the number of Atlantic sturgeon killed or
disturbed during dredging or in-water construction projects. We are also not able to quantify any
effects to habitat.

Connectivity is disrupted by the presence of dams on several rivers in the Gulf of Maine region,
including the Penobscot and Merrimack Rivers. While there are also dams on the Kennebec,
Androscoggin and Saco Rivers, these dams are near the site of natural falls and likely represent
the maximum upstream extent of sturgeon occurrence even if the dams were not present.
Because no Atlantic sturgeon are known to occur upstream of any hydroelectric projects in the
Gulf of Maine region, passage over hydroelectric dams or through hydroelectric turbines is not a
source of injury or mortality in this area. While not expected to be killed or injured during
passage at a dam, the extent that Atlantic sturgeon are affected by the existence of dams and their
operations in the Gulf of Maine region is currently unknown. The tracking of spawning condition
Atlantic sturgeon downstream of the Brunswick Dam in the Androscoggin River suggests
however, that Atlantic sturgeon spawning may be occurring in the vicinity of at least that project
and therefore, may be affected by project operations. Until it was breached in July 2013, the
range of Atlantic sturgeon in the Penobscot River was limited by the presence of the Veazie
Dam. Since the removal of the Veazie Dam and the Great Works Dam, sturgeon can now travel
as far upstream as the Milford Dam. While Atlantic sturgeon are known to occur in the
Penobscot River, there is no evidence of spawning currently occurring. The Essex Dam on the
Merrimack River blocks access to approximately 58% of historically accessible habitat in this
river. Atlantic sturgeon occur in the Merrimack River but spawning has not been documented.
Like the Penobscot, it is unknown how the Essex Dam affects the likelihood of spawning
occurring in this river.

Gulf of Maine DPS Atlantic sturgeon may also be affected by degraded water quality. In general,
water quality has improved in the Gulf of Maine over the past decades (Lichter et al. 2006; EPA,
2008). Many rivers in Maine, including the Androscoggin River, were heavily polluted in the
past from industrial discharges from pulp and paper mills. While water quality has improved and
most discharges are limited through regulations, many pollutants persist in the benthic
environment. This can be particularly problematic if pollutants are present on spawning and
nursery grounds as developing eggs and larvae are particularly susceptible to exposure to
contaminants.

Other than the ASPI and NEAMAP based estimates presented above, there are no empirical
abundance estimates for the Gulf of Maine DPS. The Atlantic sturgeon SRT (2007) presumed
that the Gulf of Maine DPS was comprised of less than 300 spawning adults per year, based on
abundance estimates for the Hudson and Altamaha River riverine populations of Atlantic
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sturgeon. Surveys of the Kennebec River over two time periods, 1977-1981 and 1998-2000,
resulted in the capture of nine adult Atlantic sturgeon (Squiers, 2004). However, since the
surveys were primarily directed at capture of shortnose sturgeon, the capture gear used may not
have been selective for the larger-sized, adult Atlantic sturgeon; several hundred subadult
Atlantic sturgeon were caught in the Kennebec River during these studies.

Summary of the Gulf of Maine DPS

Spawning for the Gulf of Maine DPS is known to occur in two rivers (Kennebec and
Androscoggin). Spawning may be occurring in other rivers, such as the Penobscot, but has not
been confirmed. There are indications of increasing abundance of Atlantic sturgeon belonging to
the Gulf of Maine DPS. Atlantic sturgeon continue to be present in the Kennebec River; in
addition, they are captured in directed research projects in the Penobscot River, and are observed
in rivers where they were unknown to occur or had not been observed to occur for many years
(e.g., the Saco, Presumpscot, and Charles rivers). These observations suggest that abundance of
the Gulf of Maine DPS of Atlantic sturgeon is sufficient such that recolonization to rivers
historically suitable for spawning may be occurring. However, despite some positive signs, there
is not enough information to establish a trend for this DPS.

Some of the impacts from the threats that contributed to the decline of the Gulf of Maine DPS
have been removed (e.g., directed fishing), or reduced as a result of improvements in water
quality and removal of dams (e.g., the Edwards Dam on the Kennebec River in 1999). There are
strict regulations on the use of fishing gear in Maine state waters that incidentally catch sturgeon.
In addition, there have been reductions in fishing effort in state and federal waters, which most
likely would result in a reduction in bycatch mortality of Atlantic sturgeon. A significant amount
of fishing in the Gulf of Maine is conducted using trawl gear, which is known to have a much
lower mortality rate for Atlantic sturgeon caught in the gear compared to sink gillnet gear
(ASMFC, 2007). Atlantic sturgeon from the GOM DPS are not commonly taken as bycatch in
areas south of Chatham, MA, with only 8 percent (e.g., 7 of the 84 fish) of interactions observed
in the Mid Atlantic/Carolina region being assigned to the Gulf of Maine DPS (Wirgin and King,
2011). Tagging results also indicate that Gulf of Maine DPS fish tend to remain within the
waters of the Gulf of Maine and only occasionally venture to points south. However, data on
Atlantic sturgeon incidentally caught in trawls and intertidal fish weirs fished in the Minas Basin
area of the Bay of Fundy (Canada) indicate that approximately 35 percent originated from the
Gulf of Maine DPS (Wirgin et al., in draft).

As noted previously, studies have shown that in order to rebuild, Atlantic sturgeon can only
sustain low levels of bycatch and other anthropogenic mortality (Boreman, 1997; ASMFC, 2007;
Kahnle et al., 2007; Brown and Murphy, 2010). We have determined that the Gulf of Maine DPS
is at risk of becoming endangered in the foreseeable future throughout all of its range (i.e., is a
threatened species) based on the following: (1) significant declines in population sizes and the
protracted period during which sturgeon populations have been depressed; (2) the limited amount
of current spawning; and, (3) the impacts and threats that have and will continue to affect
recovery.
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4.6  Critical Habitat Designated for the GOM DPS of Atlantic Sturgeon

On August 17, 2017, we issued a final rule to designate critical habitat for the threatened Gulf of
Maine DPS of Atlantic sturgeon, the endangered New York Bight DPS of Atlantic sturgeon, the
endangered Chesapeake Bay DPS of Atlantic sturgeon, the endangered Carolina DPS of Atlantic
sturgeon, and the endangered South Atlantic DPS of Atlantic sturgeon (82 FR 39160).

The rule was effective on September 18, 2017. The action area overlaps with the Androscoggin
River critical habitat unit designated for the Gulf of Maine DPS.

The conservation objective identified in the final rule is to increase the abundance of each DPS
by facilitating increased successful reproduction and recruitment to the marine environment. We
designated five critical habitat units to achieve this objective for the Gulf of Maine DPS: (1)
Penobscot River main stem from the Milford Dam downstream for 53 river kilometers (rkms) to
where the main stem river discharges at its mouth into Penobscot Bay; (2) Kennebec River main
stem from the Ticonic Falls/Lockwood Dam downstream for 103 rkms to where the main stem
river discharges at its mouth into the Atlantic Ocean; (3) Androscoggin River main stem from
the Brunswick Dam downstream for 10 rkms to where the main stem river discharges at its
mouth into Merrymeeting Bay; (4) Piscataqua River from its confluence with the Salmon Falls
and Cocheco rivers downstream for 19 rkms to where the main stem river discharges at its mouth
into the Atlantic Ocean as well as the waters of the Cocheco River from its confluence with the
Piscataqua River and upstream 5 rkms to the Cocheco Falls Dam, and waters of the Salmon Falls
River from its confluence with the Piscataqua River and upstream 6 rkms to the Route 4 Dam;
and, (5) Merrimack River from the Essex Dam (also known as the Lawrence Dam) downstream
for 48 rkms to where the main stem river discharges at its mouth into the Atlantic Ocean. In total,
these designations encompass approximately 244 kilometers (152 miles) of aquatic habitat.

As identified in the final rule, the physical features that are essential to the conservation of the
species and that may require special management considerations or protection are:

1) Hard bottom substrate (e.g., rock, cobble, gravel, limestone, boulder, etc.) in low salinity
waters (i.e., 0.0 to 0.5 parts per thousand (ppt) range) for settlement of fertilized eggs,
refuge, growth, and development of early life stages;

2) Agquatic habitat with a gradual downstream salinity gradient of 0.5 up to as high as 30
ppt and soft substrate (e.g., sand, mud) between the river mouth and spawning sites for
juvenile foraging and physiological development;

3) Water of appropriate depth and absent physical barriers to passage (e.g., locks, dams,
thermal plumes, turbidity, sound, reservoirs, gear, etc.) between the river mouth and
spawning sites necessary to support:

(i)  Unimpeded movement of adults to and from spawning sites;

(i) Seasonal and physiologically dependent movement of juvenile Atlantic sturgeon
to appropriate salinity zones within the river estuary; and

(iif) Staging, resting, or holding of subadults or spawning condition adults.

Water depths in main river channels must also be deep enough (e.g., at least 1.2 m) to
ensure continuous flow in the main channel at all times when any sturgeon life stage
would be in the river.
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4) Water, between the river mouth and spawning sites, especially in the bottom meter of
the water column, with the temperature, salinity, and oxygen values that, combined,
support:

(i) Spawning;

(i) Annual and interannual adult, subadult, larval, and juvenile survival; and

(iii) Larval, juvenile, and subadult growth, development, and recruitment (e.g.,13 °C
to 26 °C for spawning habitat and no more than 30 °C for juvenile rearing habitat,
and 6 milligrams per liter (mg/L) dissolved oxygen (DO) or greater for juvenile
rearing habitat).

The paragraphs that follow are excerpted from the ESA Section 4(b)(2) Report for Atlantic
sturgeon critical habitat (NMFS 2017). That document provides background information on the
current status and function of the four critical habitat units designated for the Gulf of Maine
DPS, and summarizes their ability to support reproduction, survival, and juvenile development,
and recruitment. Additional information on the status of the Gulf of Maine DPS relevant to the
current status and function of critical habitat can be found in Section 4.5.

The Kennebec River was the only known spawning river for the Gulf of Maine DPS
when the DPS was listed as threatened (ASSRT, 2007; 77 FR 5880, February 6, 2012).
Spawning has since been confirmed in the Androscoggin River (Wippelhauser, 2012).
The Brunswick Dam is the upstream limit of Atlantic sturgeon distribution in the
Androscoggin River, and the likely historical upstream limit given the dam is built at the
head of tide at Pejepscot Falls, a natural barrier to sturgeon passage. The Brunswick Dam
is located approximately 10 RKMs upstream of the confluence of the Kennebec and
Androscoggin rivers (ASMFC, 1998; ASSRT, 2007; NMFS, 2013; Wippelhauser and
Squiers, 2015). The Lockwood Dam at RKM 103 is the current upstream limit for
Atlantic sturgeon in the Kennebec River and is also located at the site of a natural falls;
considered the historic upstream limit for Atlantic sturgeon on the River (ASSRT, 2007).
From 1837 to 1999, the Edwards Dam was the upstream limit of Atlantic sturgeon in the
Kennebec River. Located near the head of tide, approximately 29 RKMs downstream of
the Lockwood Dam, the Edwards Dam (formerly at RKM 74) prevented Atlantic
sturgeon from accessing historical habitat. Sturgeon were sighted above the former
Edwards Dam site after removal of the dam. In June 2005, an Atlantic sturgeon was
incidentally captured as far upriver as RKM 102 (ASSRT, 2007; Wippelhauser, 2012).

Substrate type in the Kennebec estuary is largely sand and bedrock (Fenster and
Fitzgerald 1996; Moore and Reblin, 2008). Mesohaline waters occur upstream of
Doubling Point (approximately RKM 16) during summer low flows, transitioning to
oligohaline waters and then essentially tidal freshwater from Chops Point (the outlet of
Merrymeeting Bay at approximately RKM 30) 10 upriver to the head of tide on the
Kennebec and Androscoggin rivers (ASMFC, 1998; Kistner and Pettigrew, 2001; Moore
and Reblin; 2008; Wippelhauser, 2012).

During the period 1977-2001, Atlantic sturgeon in spawning condition (i.e., ripe males
releasing milt) or of size presumed to be sexually mature adults (i.e., > 150 centimeter
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total length) were caught between RKM 52.8 and RKM 74 of the Kennebec River during
the months of June and July, the likely spawning season. From 2009 to 2011, 31 Atlantic
sturgeon, including 6 ripe males, were caught in the Kennebec River between RKM 70
and RKM 75 (Wippelhauser, 2012; Wippelhauser and Squiers, 2015). Sturgeon in the
Upper Kennebec Estuary (defined as RKM 45 to RKM 74 at head of tide in the cited
document) repeatedly moved between RKM 48 and RKM 75 (Wippelhauser, 2012). An
additional eight sturgeon, including one ripe male, were caught in the Androscoggin in
June and July of 2009-2011 (Wippelhauser, 2012). Three larvae were captured in the
Upper Kennebec Estuary, 1 to 1.6 RKMs upstream of the former Edwards Dam site
(RKM 74) (Wippelhauser, 2012).

Merrymeeting Bay and the Lower Kennebec Estuary were used by post-spawn adults,
juveniles, and other life stages at least as late as November 7. Tagging detections the
following spring suggest that some subadult Atlantic sturgeon may have overwintered in
Merrymeeting Bay (Wippelhauser, 2012). Sturgeon captured and tagged in the Saco and
Penobscot rivers were also detected in the Kennebec Estuary, typically Merrymeeting
Bay and downstream locations, although at least one male, captured in the Saco in 2010,
was the single ripe male also captured in the Androscoggin (Wippelhauser, 2012).
Genetic information to identify this Atlantic sturgeon to the river of origin is not
available.

The Penobscot River estuary is about 51 RKMs long from the head of tide to Searsport,
ME. During spring freshets tidal freshwater extends to Winterport (RKM 29), and during
low flow months the salt front extends upstream as far as Hamden (RKM 40) (ASMFC,
1998). The two lowermost dams on the Penobscot River, Great Works Dam and Veazie
Dam (at RKM 56), were removed in 2012 and 2013, respectively, opening up all known
historical Atlantic sturgeon habitat in the Penobscot River, and access to more of the tidal
freshwater habitat.

The upper part of the Penobscot River estuary (RKM 34 to RKM 43) is characterized as
freshwater, with depths of 2.5 — 9 meters depending on tide and position in the river, and
are predominantly cobble and gravel substrate. The middle part (RKM 26 to RKM 31)
has an average water depth of 7.5 meters with maximum salinity of 2.5 ppt (i.e.,
oligohaline waters) in June, and muddy substrate with high levels of organic matter
(mostly decaying wood chips and sawdust), whereas the lower part of the estuary (RKM
21 to RKM 24) has salinities of approximately 15 ppt during summer, and a
predominance of sand substrate (Dzaugis, 2013).

The Piscataqua River is formed by the confluence of the Salmon Falls and Cocheco
Rivers, and is part of the Great Bay Estuary. The Piscataqua River is tidal throughout it
length, approximately 21 RKMs, to its mouth at Portsmouth Harbor. Head of tide occurs
upriver of the confluence, at the location of the lowermost dams on the Salmon Falls and
Cocheco Rivers (Short, 1992; SBCC, 2009). Salinity of the Piscataqua River ranges from
polyhaline at the mouth of the river to oligohaline at the head of tide on the Salmon Falls
and Cocheco rivers. Overall, the estuary is heavily influenced by the tidal flow. Dissolved
oxygen is typically above 6.0 mg/L, and is very consistent throughout the water column
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in the Piscataqua River. The average depth at mid-tide is approximately 3.2 meters
although this varies with both tide and topography. Substrate varies from soft mud to
hard sand to gravel. (Short, 1992; ASMFC, 1998; Trowbridge, 2007). The 2007 Atlantic
sturgeon status review provided information on directed effort to catch Atlantic sturgeon
in the Piscataqua River, and incidental capture of a large, ripe female Atlantic sturgeon
near the head of tide in the Salmon Falls River in 1990. Between 2010 and 2016, three
Atlantic sturgeon were detected in the Piscataqua River using passive acoustic array (M.
Kieffer, USGS, pers. comm.). There are no current directed studies for Atlantic sturgeon
in the Piscataqua River or Great Bay Estuary other than the use of the passive acoustic
receivers for a part of the year in some areas of the river.

In the 1800s, construction of the Essex Dam on the Merrimack River (at RKM 48)
blocked Atlantic sturgeon access to about 58 percent of historical habitat (ASMFC, 1998;
Oakley, 2003; ASSRT, 2007). Tidal influence extends to RKM 35. The salt front extends
upriver to RKM 16 in summer at the lowest river discharges (Kieffer and Kynard 1993,
ASMFC, 1998). The non-tidal section is dominated by sand and gravel and depths less
than three meters. Thus, there is approximately 19 RKMs of tidal freshwater and 11
RKMs of freshwater habitat available for the early life stages of Atlantic sturgeon during
the summer months. Atlantic sturgeon are regularly present in the Merrimack River.
Although there are no recent reports of Atlantic sturgeon spawning in the Merrimack
River, the success of shortnose sturgeon spawning in the river suggests Atlantic sturgeon
spawning would be successful as well.

While there is no current evidence that Atlantic sturgeon are spawning in Gulf of Maine
rivers other than the Kennebec and Androscoggin, captures of sturgeon in the Merrimack,
Penobscot and Piscataqua/Salmon Falls/Cocheco rivers indicate that there is the potential
for spawning to occur in these rivers.

Gulf of Maine DPS Atlantic sturgeon travel great distances in the marine environment,
and their marine range includes waters under Canadian jurisdiction. Genetics information
is available for Atlantic sturgeon captured in six specific areas of their marine range: Bay
of Fundy, Connecticut River estuary and Long Island Sound, New York and New Jersey
coast, Delaware coast, Long Island coast off of Rockaway, New York, and waters off of
the Virginia/North Carolina border. The Gulf of Maine DPS comprised 0 to 14.5 percent
of Atlantic sturgeon sampled in these areas with the exception of the Bay of Fundy
collection where the Gulf of Maine DPS comprised 35 percent of the Atlantic sturgeon
sampled (Laney et al., 2007; Dunton et al., 2012; Wirgin et al., 2012; Waldman et al.,
2013; O’Leary et al., 2014; Wirgin et al., 2015a). The greater concentration of Gulf of
Maine DPS Atlantic sturgeon in some parts of its marine range suggests certain marine
habitats are more useful to and perhaps also essential to the Gulf of Maine DPS. As
previously noted, we cannot designate critical habitat in areas outside of U.S. jurisdiction.

The action area for the proposed work considered in this Opinion covers approximately 27.4
acres of the Androscoggin River critical habitat unit. The critical habitat designation is bank-to-
bank within the Androscoggin River. The action area is only a 1.2 rkm stretch in the freshwater
reaches of the Androscoggin. It contains all three of the four PBFs; it does not contain PBF 2,
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aquatic habitat with a gradual downstream salinity gradient of 0.5 up to as high as 30 ppt and soft
substrate (e.g., sand, mud) between the river mouth and spawning sites for juvenile foraging and
physiological development. Information on the PBFs within the action area is contained in the
Environmental Baseline section below (section 5.7).

50 ENVIRONMENTAL BASELINE

Environmental baselines for biological opinions include the past and present impacts of all state,
federal or private actions and other human activities in the action area, the anticipated impacts of
all proposed federal projects in the action area that have already undergone formal or early
Section 7 consultation, and the impact of state or private actions that are contemporaneous with
the consultation in process (50 CFR 402.02). The environmental baseline for this Opinion
includes the effects of several activities that may affect the survival and recovery of the listed
species in the action area. The activities that shape the environmental baseline in the action area
of this consultation generally include: dredging operations, actions that impact water quality,
scientific research, shipping and other vessel traffic, fisheries, and recovery activities associated
with reducing those impacts.

5.1 Brunswick Dam

On July 19, 2013, we issued an Opinion to FERC on the impacts to listed species from operations of
the Brunswick Hydroelectric Project pursuant to the terms of an Interim Species Protection Plan (
ISPP) and associated license amendment proposed for implementation by FERC and FPL Energy
Maine Hydro LLC for the Brunswick and Lewiston Falls Projects on the Androscoggin River. The
purpose of the ISPP is to collect information on passage efficiency and survival of Atlantic salmon
adults and smolts attempting to migrate past the Projects. Lewiston Falls does not have fishways, so
passage efficiency studies were not proposed at that project. The ITS of the Opinion authorized take
for the proposed studies, as well as for the effects of ongoing operations at the Project. The ISPP, and
the Opinion, have a seven-year term (2013-2019), after which the Opinion and ITS will no longer be
valid. At that point (2019), FPL Energy will put together a final SPP that contains additional
protection measures for listed fish, and FERC will reinitiate formal consultation in order to obtain
take authorization for the remainder of the projects’ license terms. We concluded that the proposed
action was not likely to jeopardize the continued existence of listed Atlantic salmon, Atlantic
sturgeon, or shortnose sturgeon. The ITS accompanying the Opinion exempted incidental take for
upstream and downstream fish passage studies, as well as for the operation of the Project over the
term of the ISPP. It is anticipated that 61% of the salmon that are motivated to pass the Brunswick
Project are expected to do so successfully but will be collected, captured, and trapped; 38.6% will be
harassed as they will not be able to access potentially suitable spawning habitat upstream of the
Project; and 0.4% will die. It is also expected that project operations will result in the injury or death
of up to 7% of the total number of smolts in the project area and 15% of all kelts in the project area.
At the Lewiston Falls Project, it is anticipated that one salmon could be stranded downstream of the
Project during the period of the ISPP. This authorization expires at the end of the proposed ISPP
(2019). The ITS also exempted incidental take of four trapped shortnose sturgeon and Atlantic
sturgeon (four in the fishway and four stranded) at the Lockwood Project (license expires in 2036),
and another four trapped of each species (four in the fishway and four stranded) at the Brunswick
Project (license expires in 2029). Neither mortality nor major injuries of any sturgeon is anticipated
or exempted.
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5.2  Scientific Studies

MDMR is authorized under the USFWS’ endangered species blanket permit (No. 697823) to
conduct monitoring, assessment, and habitat restoration activities for listed Atlantic salmon
populations in Maine. The extent of take from MDMR activities during any given year is not
expected to exceed 2% of any life stage being impacted; for adults, it would be less than 1%.
MDMR will continue to conduct Atlantic salmon research and management activities in the
GOM DPS while the proposed action is carried out. The information gained from these activities
will be used to further salmon conservation actions.

USFWS is also authorized under an ESA section 10 endangered species blanket permit to
conduct the conservation hatchery program at the Craig Brook and Green Lake National Fish
Hatcheries. The mission of the hatcheries is to raise Atlantic salmon parr and smolts for stocking
into selected Atlantic salmon rivers in Maine. Over 90% of adult returns to the GOM DPS are
currently provided through production at the hatcheries. Approximately 1,000 fry are stocked
annually in the Androscoggin River. The hatcheries provide a significant buffer from extinction
for the species.

The University of Maine holds a scientific research permit (No. 20347) to capture, tag, and
sample genetic material from shortnose sturgeon and Atlantic sturgeon from 2017-2027. The
University proposes to:

1. Combine acoustic telemetry, blood analysis, genetics and scute spine analysis to
determine spawning periodicity for each sex and species and river of origin;

2. Compare aging of fin spines/rays and scute spines to determine if scute spines are an
alternate means of ageing fish (fish (hereafter we refer to the first marginal pectoral-fin
ray as a "fin spine™ and the remainder as "fin rays"); and

3. Use mark-recapture and acoustic telemetry to identify critical habitat for juveniles,
estimate annual juvenile recruitment, and movement within and between river systems.

Across Gulf of Maine rivers and coastal marine habitat, their objectives for Atlantic sturgeon
include capturing a maximum of 845 adults/subadults, 138 juveniles, and 200 early life stages
(ELS; eggs and larvae). All adults, subadults, and juveniles will be weighed, measured,
examined for tags, examined with a borescope when appropriate, marked with PIT tags and T-
bar or Floy tags, photographed, and sampled for genetic material (i.e. a fin clip) and blood prior
to being released. Their objectives for shortnose sturgeon include capturing a maximum of 1,535
adults, 189 juveniles, and 210 ELS. All adults, sub-adults, and juveniles will be weighed,
measured, examined for tags, examined with a borescope when appropriate, marked with PIT
tags and T-bar or Floy tags, photographed, and sampled for genetic material (i.e. a fin clip) and
blood prior to being released (hereafter "basic processing™).

Specific to the Kennebec River System (including the Androscoggin River and the action area),
they propose to capture and handle as many as 200 Atlantic sturgeon (all DPSs) and 400
shortnose sturgeon. They also propose to capture 100 Atlantic sturgeon eggs/larvae from the
GOM DPS and 50 shortnose sturgeon eggs/larvae, resulting in mortality. Over the lifetime of the
permit, they also expect the unintentional mortality of one Atlantic sturgeon adult/subadult (all
DPSs), one Atlantic sturgeon juvenile (all DPSs), two shortnose sturgeon adults, and two
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shortnose sturgeon juveniles.
5.3 State or Private Activities in the Action Area

5.3.1 State of Maine stocking program

Competitive interactions between wild Atlantic salmon and other salmonid fishes, especially
introduced species, are not well understood and in Maine. State managed programs supporting
recreational fisheries often include stocking non-indigenous salmonid fish into rivers containing
anadromous Atlantic salmon. Interactions between wild Atlantic salmon and other salmonids
include; indigenous brook trout (Salvelinus fontinalis) and landlocked Atlantic salmon (Salmo
salar sebago) and hatchery reared non-indigenous brown trout (Salmo trutta) and rainbow trout
(Oncorhynchus mykiss). Competition plays an important role in habitat use by defining niches
that are desirable for optimal feeding, sheltering and spawning. Limited resources may also
increase competitive interactions which may act to limit the time and energy fish can spend
obtaining nutrients essential to survival. This is most noticeable shortly after fry emerge from
redds, when fry densities are at their highest (Hearn 1987) and food availability is limited. Prior
residence of wild salmonids may infer a competitive advantage during this time over
domesticated hatchery juveniles (Letcher 2002; Metcalfe 2003); even though the hatchery reared
individuals may be larger (Metcalfe 2003). This may limit the success of hatchery cohorts
stocked annually to support the recovery of Atlantic salmon. Annual population assessments and
smolt trapping estimates conducted on GOM DPS rivers indicates stocking of hatchery reared
Atlantic salmon fry and parr in areas where wild salmon exist could limit natural production and
may not increase the overall population level in freshwater habitats. The amount of quality
habitat available to wild Atlantic salmon may also increase inter and intra-specific interactions
between species due to significant overlap of habitat use during periods of poor environmental
conditions such as during drought or high water temperatures. These interactions may impact
survival and cause Atlantic salmon, brook and brown trout populations to fluctuate from year to
year. However, since brook trout and Atlantic salmon co-evolved, wild populations should be
able to co-exist with minimal long-term effects (Hearn 1987; Fausch 1988). Domesticated
Atlantic salmon produced by the commercial aquaculture industry that escape from hatcheries or
net pens also compete with wild Atlantic salmon for food, space and mates.

5.3.2 Private Recreational Boating and Fishing

The boat launch MaineDOT has proposed to use for launching project vessels is a public boat
launch for recreational boating at the end of Water Street in Brunswick. According to the
Brunswick Parks and Recreation Department (pers. comm. March 28, 2018), this boat launch is a
paved facility with a float system for motorized boats and an additional float for members of the
Merrymeeting Community Rowing Association. The parking area accommodates 13 vehicles
with rigs, and may be at capacity in the spring during heavy runs of striped bass; however, this
has not been the case in recent years, and during peak summer use, they typically see between 5
and 8 vehicles with rigs in the parking lot. Users are a combination of fishermen and pleasure
boaters accessing the river downstream of the existing bridge to Merrymeeting Bay.

Slightly upstream is another gravel access, hand carry launch below the intersection of Water

Street and Industry Road. This launch is primarily used by individuals with canoes and kayaks.
This launch area accommodates 5 vehicles at a time, but is rarely full during the peak summer
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season. In the winter, this location is an access point for as many as 20 smelt camps placed on
the ice by local fishermen.

Therefore, based on the best available information, we estimate that from the spring through the
fall, the action area may be support the use of 5-13 recreational motor boats, as well as 5 or more
non-motorized recreational vessels from the two launch sites. We do not expect recreational
vessels in the action area during the winter months.

5.4 Status of Atlantic Salmon and Critical Habitat in the Action Area

A summary of the status of the species rangewide and designated critical habitat in its entirety
was provided above. This section will focus on the status of Atlantic salmon and designated
critical habitat in the action area. The Androscoggin River watershed supports a run of Atlantic
salmon and a modest fry stocking program.

The Androscoggin River originates at Umbagog Lake near Errol, New Hampshire and flows
roughly 260 km past several towns including, Rumford, Dixfield, Jay, Livermore Falls, and
Brunswick as well as the city of Lewiston-Auburn (MDEP 1999). The upper portions of the
Androscoggin are high gradient. The Androscoggin River drops over 305 meters from its
headwaters to where it meets the sea, with an average gradient of 3.9 meters per kilometer. In the
Androscoggin watershed, Rumford Falls was the historic upper extent of Atlantic salmon
migration, while Lewiston Falls was believed to be the upper extent of alewife and shad
migrations (Foster and Atkins 1867). The Little Androscoggin River is the largest major sub-
basin of the Androscoggin with historically important salmon habitat that was accessible as far
up as Snow’s Falls located 3.2 km outside of West Paris (Foster and Atkins 1867). Prior to its
damming, the Androscoggin River provided access to a large and diverse aquatic habitat for
great numbers of diadromous and resident fish species (Foster and Atkins 1867).

5.4.1 Upstream Migrating Adults

Based on historic reports, Atlantic salmon were abundant in the Androscoggin River. Adult
returns have dwindled and native stocks of Atlantic salmon are considered extirpated south of the
Androscoggin River watershed. Dams, pollution, and over-fishing have contributed to the
decline of Atlantic salmon in the Androscoggin River. The returns of adult Atlantic salmon to the
Androscoggin River in recent years have been small, and mostly comprised of stray, hatchery
origin fish from active restoration programs on other rivers (USASAC 2017, Table 13).
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Table 13: Adult Atlantic salmon returns by origin to the Androscoggin River recorded from 1983
to 2016 at the Brunswick Project (USASAC 2017)

Hatchery Origin Wild Origin
Repea Repea

Androscoggi 1SW 2SW 3SW ¢ Pea 1 1sw 25w 35w : Pea " Total

n

19832006 37 532 6 2 6 84 0 1 668
2007 6 11 0 0 0 2 0 0 20
2008 8 5 0 0 1 1 0 0 16
2009 2 19 0 0 2 3 0 0 24
2010 2 5 0 0 0 2 0 0 9
2011 2 271 0 0 1 14 0 0 44
2012 0 0 0 0 0 0 0 0 0
2013 0 1 0 0 0 1 0 0 2
2014 0 2 0 0 0 1 0 0 3
2015 0 0 0 0 0 1 0 0 1
2016 0 0 0 0 0 6 0 0 6
Total 57 602 6 2 10 115 0 1 793

Prior to 2007, MDMR stated that there were no indications that the Androscoggin River had a
reproducing population of Atlantic salmon (letter from MDMR to FERC dated March 25, 2010).
Documented annual runs of returning adult salmon consisted primarily (98%) of fish originating
as hatchery smolts released into Maine rivers. In 2007 and 2008 several returning adults captured
at the Brunswick fishway were determined to be fry-stocked or naturally reared fish. Salmon
returning to the Merrymeeting Bay SHRU are generally considered naturally-reared, as
production occurs primarily in the form of egg planting and fry stocking activities, in addition to
a small proportion of natural reproduction. Because there is currently no reliable method to
distinguish adults of natural origin versus those that were produced via egg planting or fry
stocking, there is no estimate of the proportionality of those modes of production. As stocking
efforts in other DPS rivers increase so does the amount of strays captured at the Brunswick Dam.

Adult Atlantic salmon are released above the Brunswick Dam to continue upstream migration
after biological data (e.g., length) are collected. The mean fork length of returning adults was
603 mm in 2008 and 735 in 2009 (MDMR 2010). Several adult salmon have been captured at the
Brunswick fishway with fin-clips or tags, indicating that these fish are strays or stocked
landlocked salmon from other rivers (MDMR 2010). The Maine Atlantic Salmon Technical
Advisory Committee (MASTAC) collects fin-clips for genetic samples in an attempt to identify
the origin of returning salmon (MDMR 2010). The MASTAC plans to conduct future analyses to
determine the origin of these and all other adult Atlantic salmon captured at the Brunswick
fishway (MDMR 2010).

The next two dams encountered on the Androscoggin River upstream of the Brunswick Dam are
the Pejepscot and Worumbo Dams. Both projects have upstream passage facilities designed for
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anadromous species. With passage at the first three dams on the river, Atlantic salmon have
access up to Lewiston Falls (Fay et al. 2006, MDMR 2010). This available habitat represents
approximately 27 miles of accessible water in the lower Androscoggin River from the Brunswick
Project to Lewiston Falls. Atlantic salmon habitat is quantified in the GOM DPS by mapping
Hydrologic Unit Codes 10 scale (HUC10) to define suitable Atlantic salmon habitat units
(NMFS 2009). Each habitat unit equals 100 square meters. The Androscoggin River consists of
70,249 historic HUC10 habitat units. An estimated 24% (16,978 units) of these historic habitat
units within the Androscoggin River system are considered to be occupied and occur in the lower
Androscoggin River drainage (NMFS 2009). Atlantic salmon habitat quality is measured in
HUC10s based on the suitability of several parameters using a scale from zero to three, which
include temperature, biological communities, water quality, and substrate and cover. Low quality
habitat scores have been assigned to the lower Androscoggin River where the Brunswick Project
is located, while high scores were determined in the upper inaccessible reaches of the river
(NMFS 2009).

Fay et al. (2006) report that "...practically all suitable rearing habitat in the Androscoggin River
watershed is not currently accessible to Atlantic salmon.” The availability of suitable spawning
habitat is unknown; no documentation of successful spawning in the Androscoggin River exists
although naturally reared fish have been documented to occur in the river (MDMR 2012). In
2011, HDR evaluated the spawning habitat in the Little River, 800 meters downriver of the
Worumbo Project, and found numerous barriers and poor substrates. However, MDMR indicates
that there is a significant amount of habitat in the Little River and that it could hold “tens of
thousands of eggs” (MDMR 2012b). During the 2011 telemetry study, MDMR documented a
radio tagged female Atlantic salmon moving throughout the Little River, and it is thought that it
may have spawned in Gillespie Brook, one of its tributaries (MDMR 2012b). The mainstem
Androscoggin River is expected to provide minimal spawning habitat due to the existing
impoundments and/or unsuitable substrates. No suitable spawning habitat exists in the action
area.

There have been few studies of Atlantic salmon in the Androscoggin River. In 2011, MDMR
radio tagged 21 adult salmon (12 wild and 9 hatchery raised) when they were trapped at the
Brunswick Dam (MDMR 2012b). 29% (6 out of 21) of these fish dropped out of the
Androscoggin soon after they were released, and at least four of these continued their migration
in the Kennebec River. 43% (9 out of 21) of the tagged fish successfully migrated past the
Pejepscot Project, whereas fewer than 10% (2 out of 21) successfully passed all three dams in the
lower Androscoggin (MDMR 2012b). The remaining 29% (6 out of 21) passed the Brunswick
Project but did not migrate any further in the River. The study showed minimal use of tributaries
in the system, although many fish were detected in the mainstem, holding in the vicinity of cool
water tributaries during the summer months (Little River and Meadow Brook downstream of the
Worumbo project; Gerrish Brook upstream of the Worumbo Project; and Simpson Brook
downstream of the Pejepscot Project). One female Atlantic salmon was detected several times in
the Little River, and may have spawned with an untagged male in one of its tributaries. Likewise,
one tagged male was detected in the bypass reach of Lower Barker Dam and may have spawned
with an untagged female (MDMR 2012b).

The fact that only 10% (2 out of 21) of the tagged adult Atlantic salmon successfully migrated
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past all three of the lower dams in 2011 may indicate poor passage efficiencies at the Pejepscot
and Worumbo Projects, but likely also suggests that the salmon are poorly motivated to seek out
upstream habitat. This conclusion is further supported by the fact that nearly one third of the
salmon dropped out of the river soon after release in the Brunswick headpond and did not return.
Overall, this study appears to support the conclusion that the majority of Atlantic salmon that
enter the Androscoggin are strays that were stocked in other GOM DPS rivers.

The Androscoggin River is considered within the same Ecological Drainage Unit (EDU) as the
Penobscot and Kennebec Rivers (Fay et al. 2006), which was considered in the decision to
expand the GOM DPS in 2009 (USFWS and NMFS 2009). While salmon migration and habitat
use studies are limited in the Androscoggin River, a number of studies have been conducted in
the Penobscot River that may be relevant to the Androscoggin River. Specifically, adult Atlantic
salmon returns are most common in June on the Penobscot River (MDMR 2007, 2008), and have
been tracked with telemetry and observed to stop migration and seek thermal refuge when
temperatures exceed 22°C (Holbrook 2007). Adult salmon have also been observed falling back
and out of the river during periods of very high water temperatures (Shepard 1995, Holbrook
2007). After spawning, kelts have been observed in the lower Penobscot River in November
(USASAC 2007).

5.4.2 Juveniles

Atlantic salmon stocking practices are common in the region for the Gulf of Maine DPS stock
enhancement program, although the Androscoggin River has been stocked with fewer fish than
any other river with a stocking program for anadromous Atlantic salmon. A total of 18,500 fry
have been stocked in the Androscoggin River since stocking commenced in 2001 (USASAC
2016). The total number of juvenile salmon stocked in the Androscoggin River (fry only) was
1,500 individuals in 2013, 1,000 in 2014 and 2,000 in 2015 (USASAC 2016). These numbers are
most likely estimates of the amount of fry stocked into the Little River by school groups
participating in salmon outreach programs (MDMR 2010). In comparison, other major GOM
rivers were stocked at the following levels in 2015 (number of juveniles indicated in
parenthesis): the Penobscot (1.24 million), Machias (552,732), Dennys (110,000), and Kennebec
(276,587) rivers (USASAC 2016).

Based on NMFS Penobscot River smolt trapping studies in 2000 - 2005, smolts migrate from the
Penobscot between late April and early June with a peak in early May (Fay et al. 2006). These
data also demonstrate that the majority of the smolt migration appears to take place over a two-
week period after water temperatures rise to 10°C. Timing of smolt migrations may differ
amongst rivers within the GOM DPS (Figure 11). In 2015, smolt trapping studies on the
Sheepscot River in the Merrymeeting Bay SHRU indicated a median migration date of May 12
with a migration duration of 33 days (USASAC 2016).

78



100

L 2011 _
75 |-

L —— Narraguagus
50 —— Sheepscot

- —— Piscataquis
ST East Machias

o
T

Percent of Smolts Caught

-—

N O N O

o o u»m O
T

100 -
75 [
50 |
25 [

L 1 L L 1
A(?pr 10 Apr 23 May 6 May 19 Jun 1
Date
Figure 11: Cumulative percent smolt capture of all origins by date (run timing) on the
Narraguagus (blue line), Sheepscot (pink line), Piscataquis (black line), and East Machias
(yellow line) rivers, Maine (2011-2015) (USASAC 2016)

5.4.3 Threats faced by Atlantic salmon within the Merrymeeting Bay SHRU
Dams and Hydroelectric Facilities

Within the Merrymeeting Bay SHRU there are roughly 104 dams of which 15 are FERC licensed
mainstem dams used for power generation or storage, resulting in over 59 km of impounded river
(MDEP 1999). Therefore, both the Kennebec and Androscoggin watersheds are major power
producers. On the Androscoggin below Rumford (the upper extent of the range of Atlantic
salmon), major Hydro-power facilities include the upper and lower stations at the Rumford Falls
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project in Rumford; Riley/Jay/Livermore Projects in Jay, Riley and Livermore; Gulf Island/Deer
Rips project in Lewiston-Auburn; Lewiston Falls project in Lewiston/Auburn; the Worumbo
Project in Lisbon/Durham; Worumbo in Topsham/Brunswick; and the Brunswick project in
Brunswick/Topsham. Today, the upper extent of fish passage in the Androscoggin River is
Lewiston Falls, which is located 32 km upstream from Merrymeeting Bay.

Habitat Alteration

Dams have eliminated or degraded vast, but to date unquantified, reaches of suitable rearing
habitat in the Androscoggin River watershed. The Androscoggin River consists of 70,249
historic habitat units, with 16,978 units considered to be occupied (NMFS 2009). Because
Atlantic salmon cannot volitionally access habitat upstream of the Lewiston Falls Project on the
mainstem or above the Barker Mill Dam on the Little Androscoggin, habitat in the upper areas of
the Androscoggin River watershed are not accessible. Impoundments created by dams limit
access to habitat, alter habitat, and degrade water quality through increased temperatures and
lowered dissolved oxygen levels. Furthermore, because hydropower dams are typically
constructed in reaches with moderate to high underlying gradients, significant areas of free-
flowing habitat have been converted to impounded habitats in the Androscoggin River
watershed. Coincidently, these moderate to high gradient reaches, if free-flowing, would likely
constitute the highest value as Atlantic salmon spawning, nursery, and adult resting habitat
within the context of all potential salmon habitat within these reaches.

Compared to a natural hydrograph, the operation of dams in a store-and-release mode in the
upper reaches of the Androscoggin River watershed results in reduced spring runoff flows, less
severe flood events, and augmented summer and early fall flows. Such operations in turn reduce
sediment flushing and transport and physical scouring of substrates, and increase surface area
and volume of summer and early fall habitat in the main stem. The extent to which these
streamflow modifications in the upper Androscoggin River watershed impact salmon
populations, habitat (including migratory corridors during applicable seasons), and restoration
efforts is unknown. However, increased embeddedness of spawning and invertebrate
colonization substrates, diminished flows during smolt and kelt outmigration, and enhanced
habitat quantity and, potentially, “quality” for non-native predators such as smallmouth bass, are
likely among the adverse impacts to salmon. Conversely, higher summer and early fall stream
flows may provide some benefits to Atlantic salmon or their habitat within affected reaches, and
may also help mitigate certain potential water quality impacts (e.g., dilution of harmful industrial
and municipal discharges).

Habitat Connectivity

In 1982, Central Maine Power Company (CMP) reconstructed the hydroelectric facility in
Brunswick-Topsham, the first upstream dam on the Androscoggin River (Brown et al. 2006).
CMP installed a slot fishway with a trapping and sorting facility. At that time, the MDMR began
the Anadromous Fish Restoration Program in the lower Androscoggin River main stem and
tributaries below Lewiston Falls. In 1987, the Pejepscot Project, the second dam on the
Androscoggin River, had upstream fish passage installed. In 1988, upstream passage facilities
were installed at the Worumbo Project, the third upstream dam on the river. This provided an
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opportunity for anadromous species to migrate upstream as far as Lewiston Falls (Brown et al.
2006).

No upstream passage studies for Atlantic salmon have been conducted at the dams on the
Androscoggin River, although annual counts of pre-spawn migrating Atlantic salmon trapped at
the Brunswick and Worumbo Dams have been made since 1983. Few Atlantic salmon are known
to migrate upriver of all three passable dams in the lower Androscoggin River. Between 3 and 44
Atlantic salmon per year (average of 12 fish) passed the Brunswick Dam between 2003 and 2015
(Table 14). Of these, an average of 22% (range between 0% and 56%) successfully passed the
Worumbo Project. In a radio telemetry study conducted in 2011, while the spillway rehabilitation
was occurring, MDMR documented that 9 of the 21 fish that passed the Brunswick Project
passed the Pejepscot Project, and 2 of those 9 (22%) successfully migrated past the Worumbo
Project (MDMR 2012b). Individual Atlantic salmon may use existing habitat and tributaries
between dams and may not attempt to pass the next upstream dam. Tributaries exist between the
Brunswick Project and the Worumbo Project that may contain Atlantic salmon habitat (MDMR
2010). Individual Atlantic salmon may migrate to these tributaries to spawn or seek thermal
refuge, instead of migrating further upstream past the Worumbo Project.

Table 14: The number of Atlantic salmon passing the Brunswick and Worumbo Projects between
2003 and 2015

Proportion
Brunswick Worumbo that Pass

Year Project Project the

Worumbo

Project
2003 3 1 33%
2004 12 1 8%
2005 10 0 0%
2006 6 2 33%
2007 21 7 33%
2008 18 2 11%
2009 24 1 4%
2010 9 5 56%
2011 44 3 7%
2012 0 1 -
2013 2 1 50%
2014 3 1 33%
2015 2 0 0%
Average 12 2 22%

Smolts from the Androscoggin River have to navigate through multiple dams on their migrations
to the estuary every spring. The route that a salmon smolt takes when passing a project is a major
factor in its likelihood of survival. Fish that pass through a properly designed downstream bypass
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have a better chance of survival than a fish that goes over a spillway, which, in turn, has a better
chance of survival than a fish swimming through the turbines. It can be assumed that close to
100% of smolts will survive when passing through a properly designed downstream bypass.
Survival over a spillway has been estimated at 97.1% (Normandeau Associates 2011). Survival
through turbines varies significantly based on numerous factors, but can be significantly lower
than the other two routes.

Beginning in 2013, three years of study were conducted to assess the survival of smolts
migrating past dams in the Androscoggin River (Table 15). Although these data do not
definitively reveal sources of mortality, these losses are likely attributable to the direct and
indirect effects of the dams (e.g., physical injury, predation).

Table 15: Percent survival by study year of Atlantic salmon smolts at three dams on the
Androscoggin River (ISPP annual reports, 2013-2015)

Project Percent Survival of Smolts by Study Year

2013 2014 2015 Average
Worumbo 70.7% 95.8% 93.5% 86.7%
Pejepscot - 91.3% 86.3% 88.8%
Brunswick 82.8% 94.9% 83.8% 87.2%

Atlantic salmon kelts move downstream after spawning in November or, alternatively,
overwinter in freshwater and outmigrate early in the spring (mostly mid-April through late May).
Lévesque et al. (1985) and Baum (1997) suggest that 80% of kelts overwinter in freshwater
habitat prior to returning to the ocean. No kelt survival studies have been conducted on the
Androscoggin River, however, downstream passage success at dams on the Penobscot has been
studied. Kelt passage occurred during periods of spill at most dams, and a large portion of study
fish used the spillage. Kelt attraction to, and use of, downstream passage facilities was highly
variable depending on facility, year of study, and hydrological conditions (e.g., spill or not).
Shepard (1989) documented that kelts relied on spillage flows to migrate past the Milford and
Veazie Dams on the Penobscot River during a study conducted in 1988. In fact, some kelts spent
hours to days searching for spillway flows to complete their downstream migration during the
1988 study.

Alden Lab (2012) has modeled the current survival rates of kelts at the dams on the Penobscot
River, based on turbine entrainment, spill mortality estimates and bypass efficiency. Alden Lab’s
analysis accounted for both immediate and delayed mortality associated with dam passage.
Through the three months of outmigration, Alden Lab indicates that mean survival rates at 14 of
the dams (Medway is excluded) on the Penobscot range between 61% and 93%.

Predation

In addition to direct mortality during downstream passage, kelts and smolts are exposed to
indirect mortality caused by sub-lethal injuries, increased stress, and/or disorientation. A large
proportion of indirect mortality is a result of disorientation caused by downstream passage,
which can lead to elevated levels of predation immediately downstream of the project (Mesa
1994).
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Smallmouth bass and chain pickerel are each important predators of Atlantic salmon within the
range of the GOM DPS (Fay et al. 2006). Smallmouth bass are a warm-water species whose
range now extends through north-central Maine and well into New Brunswick (Jackson 2002).
Smallmouth bass are very abundant in the Androscoggin River—smallmouth bass inhabit much
of the main stem migratory corridor and areas containing juvenile Atlantic salmon. Smallmouth
bass likely feed on fry and parr though little quantitative information exists regarding the extent
of bass predation upon salmon fry and parr. Smallmouth bass are important predators of smolts
in main stem habitats, although bioenergetics modeling indicates that bass predation is
insignificant at 5°C and increases with increasing water temperature during the smolt migration
(Van den Ende 1993).

Chain pickerel are known to feed upon smolts within the range of the GOM DPS and certainly
feed upon fry and parr, as well as smolts, given their piscivorous feeding habits (Van den Ende
1993). Chain pickerel feed actively in temperatures below 10°C (Van den Ende 1993, MDIFW
2002). Smolts were, by far, the most common item in the diet of chain pickerel observed by Barr
(1962) and Van den Ende (1993). However, Van den Ende (1993) concluded that, “daily
consumption was consistently lower for chain pickerel than that of smallmouth bass®, apparently
due to the much lower abundance of chain pickerel.

Northern pike were illegally stocked in Maine, and their range now includes portions of the
lower Androscoggin River. Northern pike are ambush predators that rely on vision and thus,
predation upon smolts occurs primarily in daylight with the highest predation rates in low light
conditions at dawn and dusk (Bakshtansky et al. 1982). Hatchery smolts experience higher rates
of predation by fish than wild smolts, particularly from northern pike (Ruggles 1980,
Bakshtansky et al. 1982).

Many species of birds prey upon Atlantic salmon throughout their life cycle (Fay et al. 2006).
Blackwell et al. (1997) reported that salmon smolts were the most frequently occurring food
items in cormorant sampled at main stem dam foraging sites. Common mergansers, belted
kingfishers cormorants, and loons prey would likely prey upon Atlantic salmon in the
Androscoggin River. The abundance of alternative prey resources such as upstream migrating
alewife, likely minimizes the impacts of cormorant predation on the GOM DPS (Fay et al. 2006).

Contaminants and Water Quality

Pollutants discharged from point sources affect water quality within the action area of this
consultation. Common point sources of pollutants include publicly operated waste treatment
facilities, overboard discharges (OBD), a type of waste water treatment system), and industrial
sites and discharges. The Mai