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DISCLAIMER

Recovery plans delineate actions that are thought to be necessary to recover and/or
protect endangered species. Recovery plans are prepared by the NOAA’s National
Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (FWS) and
sometimes with the assistance of recovery teams, contractors, state agencies and others.
This Recovery Plan for the Gulf of Maine (GOM) Distinct Population Segment (DPS) of
Atlantic Salmon (Salmo salar) was prepared by the staff of the Northeast Regional
Offices of NMFS with the assistance of the FWS and the Maine Atlantic Salmon
Commission (ASC). While the State of Maine provided recommendations for this plan,
it was developed using federal guidelines and policies pertaining to recovery plans for
federally listed species. Recovery plans are not regulatory or decision documents. The
recommendations in a recovery plan are not considered final decisions unless and until
they are actually proposed for implementation. Objectives will only be attained and
funds expended contingent upon appropriations, priorities and other budgetary
constraints. Nothing in this plan should be construed as a commitment or requirement
that any federal agency obligate or pay funds in contravention of the Anti-Deficiency
Act, 31 U.S.C. 1341, or any other law or regulation. Recovery plans do not necessarily
represent the views nor the official positions or approval of any individuals or agencies,
other than those of NMFS and FWS. They will represent the official positions of NMFS
and FWS only after they have been signed as approved by the NOAA Assistant
Administrator for Fisheries and FWS Regional Director. Approved recovery plans are
subject to modification as dictated by new findings, changes in species status and the
completion of Recovery Actions.

LITERATURE CITATION SHOULD READ AS FOLLOWS:

National Marine Fisheries Service and U.S. Fish and Wildlife Service. 2004. Draft
Recovery Plan for the Gulf of Maine Distinct Population Segment of Atlantic Salmon
(Salmo salar). National Marine Fisheries Service, Silver Spring, MD.
ADDITIONAL COPIES MAY BE OBTAINED FROM:

National Marine Fisheries Service

One Blackburn Drive

Gloucester, Massachusetts 01930
978-281-9328

Recovery plans can be downloaded via the Internet at:

http://www.nmfs.noaa.gov/pr/
http://endangered.fws.gov.
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EXECUTIVE SUMMARY FOR THE GULF OF MAINE DPS OF ATLANTIC
SALMON

Current Species Status: The Gulf of Maine Distinct Population Segment (DPS) of
Atlantic salmon was listed as endangered on December 17, 2000. The DPS includes all
naturally reproducing remnant populations of Atlantic salmon from the Kennebec River
downstream of the former Edwards Dam site, northward to the mouth of the St. Croix
River. DPS salmon taken for hatchery rearing for broodstock purposes and any captive
progeny from these salmon are also included as part of the DPS. These hatchery-held
fish, however, do not count toward a delisting or reclassification goal as this goal refers
to the status of naturally-spawned salmon in the wild.

Historically, the Androscoggin River delineated the range of the DPS to the south. In the
listing determination, the Services deferred a decision whether the Gulf of Maine DPS
range included the mainstem of the Penobscot River and its tributaries above the former
site of the Bangor dam (65 FR 69459). Presently a status review is underway to
determine the relationship of large river systems (e.g., Penobscot, Kennebec) to the DPS
as currently delineated. This review will also determine the status of current salmon
populations within these large river systems, as well as any other additional salmon
populations present outside the geographic range of the DPS. Decisions regarding the
status of these populations may have significant implications for the recovery strategy
and recovery criteria. The Services will consider the implications of these decisions for
the overall recovery program and revise the recovery plan accordingly.

At the time of listing, there were at least eight rivers in the geographic range of the DPS
known to still support wild Atlantic salmon populations (Dennys, East Machias, Machias,
Pleasant, Narraguagus, Ducktrap and Sheepscot rivers and Cove Brook). In addition to
these eight rivers, there are at least fourteen small coastal rivers within the historic range
of the DPS from which wild salmon populations have been extirpated.

The Gulf of Maine DPS has declined to critically low levels. Adult returns, juvenile
abundance estimates and survival have continued to decline since the listing. In 2004,
total adult returns to the eight rivers still supporting wild Atlantic salmon populations
within the DPS were estimated to range from 60 to 113 individuals. No adults were
documented in three of the eight rivers. Declining smolt production has also been
documented in recent years, despite fry stocking. For example, from 1996 through 1999,
annual smolt production in the Narraguagus River was estimated to average about 3,000
fish. Smolt production declined significantly in 2000 and for the past three years has
averaged only about 1,500 fish per year. Overwinter survival in the Narraguagus River
since 1997 has only averaged about 12%, approximately half of the survival rate of
previous years and significantly less than the 30% previously accepted for the region.

Habitat Requirements and Limiting Factors: The Atlantic salmon is an anadromous
fish, typically spending 2-3 years in freshwater, migrating to the ocean where it also
spends 2-3 years, and returning to its natal river to spawn.



Suitable spawning habitat consists of coarse substrate (gravel or rubble) in areas of
moving water. Eggs incubate slowly due to cold winter water temperatures, hatch in
March or April and become fry. Fry remain buried in the gravel for about six weeks.
The fry emerge from the gravel about mid-May and start feeding on plankton and small
invertebrates. Emergent fry quickly disperse from the redd, develop parr marks along
their sides and enter the parr stage. Parr habitat (often called “nursery habitat™) is
typically riffle areas characterized by adequate cover (gravel and rubble up to 20 cm),
moderate water depth (10-60 cm) and moderate to fast water flow (30-90 cm/sec).

Salmon parr spend two to three years in the freshwater environment then undergo a
physiological transformation called smoltification that prepares them for life in a marine
habitat. Atlantic salmon leave Maine rivers in the spring and reach Newfoundland and
Labrador by mid-summer. They spend their first winter at sea in the area of the Labrador
Sea south of Greenland. After the first winter at sea, a small percentage return to Maine
while the majority spend a second year at sea, feeding off the southwest or (to a much
lesser extent) southeast coast of Greenland. Some Maine salmon are also found in waters
along the Labrador coast. After a second winter in the Labrador Sea, most Maine salmon
return to rivers in Maine, with a small number returning the following year as three sea
winter (3SW) fish.

The habitat within the range of the DPS is generally characterized as being free-flowing,
medium gradient, cool in-water temperature and suitable for spawning in gravel substrate
arcas. The watershed structure, available Atlantic salmon habitat, and abundance of
Atlantic salmon stocks at various life stages are best known for the seven largest salmon
rivers with remnant Atlantic salmon populations. There is less known about the habitat
of smaller rivers within the historic range of the DPS, with the exception of Cove Brook.

Reasons for Listing

Among the numerous factors that led to the endangered designation of Atlantic salmon
populations in the Gulf of Maine DPS were the following:

o Critically low adult returns make the DPS especially vulnerable and susceptible to
threats

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

e Excessive or unregulated water withdrawal

e Multiple factors that are likely affecting the quality of freshwater habitat in the
DPS

o Continuation of the commercial fishery in Greenland

e The threat of disease to the DPS from Infectious Salmon Anemia (ISA) and
Salmon Swimbladder Sarcoma (SSS)

e Increased likelihood of predation because of low numbers of returning adults and
increases in some predators

o Existing aquaculture practices, including the use of European Atlantic salmon,
pose ecological and genetic risks

vi



These threats, which were key factors in the listing determination, continue to imperil the
continued existence of Atlantic salmon.

Threat Assessment: As part of the Recovery Planning process, the Services assembled a
team of technical experts from Maine ASC, NMFS and USFWS to conduct a structured
threats analysis. This evaluation of the geographic extent and life stage affected by
threats, and the severity of these effects, resulted in the following threats being identified
as high priority for action to reverse the decline of Atlantic salmon populations in the
Gulf of Maine DPS:

e Acidified water and associated aluminum toxicity which decrease juvenile
survival

e Aquaculture practices, which pose ecological and genetic risks

e Avian predation

o Changing land use patterns (e.g., development, agriculture, forestry)

e (Climate change

o Depleted diadromous fish communities

o Incidental capture of adults and parr by recreational fishermen

o Introduced fish species that compete or prey on Atlantic salmon

e Low marine survival

e Poaching of adults in DPS rivers

e Recovery hatchery program (potential for artificial selection/domestication)

e Sedimentation

o Water extraction

Recovery Strategy: The initial focus of the recovery program will be on the eight
populations in the DPS that were extant at the time of the listing. Without immediate
action to conserve and protect these core populations and the remnant genetic variation
they represent, long-term success and attainment of self-sustaining populations will be
severely compromised.

Certain categories of actions will be high priority for the first phase of recovery plan
implementation. The cornerstone of the initial phase of recovery will be the immediate
implementation of priority 1 recovery actions that will reduce the severest threats. In
addition, actions that can be initiated quickly and have the potential to significantly
improve survival, thereby helping to reverse the decline of DPS populations, also will
receive high priority for expeditious implementation. Actions to address critical
information needs are a third category of actions that are high priority for immediate
implementation. Research is needed to increase understanding of certain threats and how
best to address them.

After the initial phase of recovery plan implementation is completed, efforts will focus on

addressing remaining threats and information needs. Throughout all phases of recovery
plan implementation, an adaptive management approach will be used.
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Recovery Goal, Objectives and Criteria: The goal of the recovery program is removal
of the Gulf of Maine DPS of Atlantic salmon from the Federal List of Endangered and
Threatened Wildlife and Plants. Recovery will be achieved when conditions have been
attained that allow self-sustaining populations to persist under minimal ongoing
management and investment of resources. In order to achieve the goal of recovery, a
stepwise approach will be adopted which addresses the critically low numbers of adult
Atlantic salmon returns then builds toward full recovery.

The Services have concluded that it is not practicable at this time to establish final
demographic criteria for reclassification and delisting of the DPS. The Recovery Plan
does, however, contain both preliminary demographic and threat reduction recovery
criteria. The first objective of the plan is to halt the decline of the DPS and demonstrate a
persistent increase in population abundance trends such that the overall probability of
long-term survival is increased. To meet Objective 1 of the plan, the following criteria
must be met:

Criterion 1.  Atlantic salmon are perpetuated in at least the eight rivers within the Gulf
of Maine DPS that had extant populations at the time of listing; and

Criterion 2.  The replacement rate (5-year geometric mean) of adult salmon within DPS
rivers is greater than 1.0.

Once Objective 1 has been achieved, the second step or objective necessary to achieve
the recovery goal is to establish self-sustaining populations, and the third is to ensure that
threats have been diminished such that the self-sustaining populations will remain viable
over the long-term. These last two objectives relate to conditions necessary for
reclassification and delisting.

Actions Needed: The major areas of action are designed to stop and reverse the
downward population trends of the remnant eight wild Atlantic salmon populations and
minimize the potential for human activities to result in the degradation or destruction of
Atlantic salmon habitat essential to survival and recovery. For full recovery the
following actions are needed:

Protect and restore freshwater and estuarine habitat

Minimize potential for take in freshwater, estuarine and marine fisheries
Reduce predation and competition on all life stages of Atlantic salmon
Reduce risks from commercial aquaculture operations

Supplement wild populations with hatchery-reared DPS salmon

Conserve the genetic integrity of the DPS

Assess stock status of key life stages

Promote salmon recovery through increased public and government awareness
Assess effectiveness of recovery actions and revise as appropriate

Wbk W=

Total Estimated Cost of Recovery: The total cost of recovery is undeterminable at this
time. It is impossible to estimate the cost of recovery for the DPS. The species continues
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to decline and its status is precarious. Even when we achieve a complete reversal of
downward trends and population growth, it is not possible to estimate the cost of
recovery of the DPS.

Despite ongoing efforts to arrest and reverse the decline of the DPS adult salmon returns
to DPS rivers remain at historic lows (an estimated 60 to 113 adult returns in 2004).

The initial focus of the recovery program will be on the 8 rivers within the DPS with
extant populations at the time of the listing. The initial goal of recovery efforts is to
immediately halt the decline of the DPS and demonstrate a persistent increase in
population abundance such that the overall probability of long-term survival is increased.

Research is ongoing to help identify the causes for the species continued decline and
identify appropriate measures to mitigate threats and recover the DPS. Pending the
results of the recommended research it is not yet possible to identify recovery actions and
strategies to mitigate the threats. Specific research needs, including estimated times and
costs, are identified in Part 4 of this plan and prioritized in the implementation schedule.
In the face of this continued uncertainty of the overall causes of the species decline it is
not possible to identify all recovery actions that may be necessary to recover the DPS and
therefore be able to estimate costs for full recovery of the DPS.

As noted, the Services have concluded that it is not practicable at this time to establish
final demographic criteria for reclassification and delisting of the DPS. The Recovery
Plan does, however, contain both preliminary demographic and threat reduction recovery
criteria. The first objective of the plan is to halt the decline of the DPS and demonstrate a
persistent increase in population abundance trends such that the overall probability of
long-term survival is increased. In the absence of final measurable and objective criteria
it is not possible at this time to provide a full estimate of the cost of achieving the
conditions that will constitute a secure and recovered DPS.

The Implementation Schedule, however, does contain cost estimates for individual tasks.
The total estimated minimum cost of recovery actions identified for year 1 to year 3 is
$36.6 million.

Estimated Date of Recovery: It is impossible to estimate the date of recovery for the
DPS. The species continues to decline and its status is precarious. Even when we
achieve a complete reversal of downward trends and population growth, it is not possible
to estimate the date of recovery of the DPS.
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LIST OF ABBREVIATIONS

ABF Aquatic base flow

ACOE Army Corps of Engineers (U.S.)

ASA Atlantic Salmon Authority (Maine)

ASC Atlantic Salmon Commission (Maine)

ASCP Atlantic Salmon Conservation Plan (Maine)
ASRSC Atlantic Sea Run Salmon Commission (Maine)
ATV All terrain vehicle

BKD Bacterial kidney disease

BMP Best management practice

BPC Board of Pesticides Control (Maine)

BRT Biological Review Team

CBNFH Craig Brook National Fish Hatchery

CCP Critical control points

CFR Code of Federal Regulations (U.S.)

CMLT Coastal Mountains Land Trust

CMS Containment management system

COSEWIC Committee on the Status of Endangered Wildlife
CPUE Catch per unit effort

CSE Conservation spawning escapement

CWD Coldwater disease

DEP Department of Environmental Protection (Maine)
DFO Department of Fisheries and Oceans (Canadian)
DMR Department of Marine Resources (Maine)

DO Dissolved oxygen

DOC Dissolved organic carbon

DPS Distinct Population Segment, Gulf of Maine
DRESS Dennys River Eastern Surplus Superfund



EEZ
EIS
ESA
EPA
ERM
FAMP
FMP
FON
FWS
GLNFH
GOM
HACCP
HCP
ICES
ICM
IFIM
IFW
IPN
HKS
HMSC
ISA
LCP
LFHC
LMF
LURC
LWRC
MBTA
MDOT
MEPDES

Exclusive Economic Zone

Environmental impact statement
Endangered Species Act

Environmental Protection Agency

Enteric redmouth disease

Finfish Aquaculture Monitoring Program
Fishery Management Plan

Forest operations notification

U.S. Fish and Wildlife Service

Green Lake National Fish Hatchery

Gulf of Maine

Hazard analysis critical control point
Habitat Conservation Plan

International Council for the Exploration of the Sea
Integrated crop management

Instream flow incremental methodology
Inland Fisheries and Wildlife, Department of (Maine)
Infectious pancreatic necrosis
Hemorrhagic kidney syndrome

Huntsman Marine Science Center
Infectious salmon anemia

Loss control plans

Lamar Fish Health Center (FWS)

Land for Maine’s Future (Program)

Land Use Regulation Commission (Maine)
Land and Water Resource Council (Maine)
Migratory Bird Treaty Act

Maine Department of Transportation

Maine pollutant discharge elimination system

xi



MFS
MGS
MNAP
MMPA
MOA
MSFCMA
NGO
NAC
NASSG
NASWG
NANFH
NASCO
NEST
NFWF
NEFMC
NMFS
NPDES
NWEFSC
NPS
OBD
PCR
PIT
PVA
SFI
SWCD
SSSV
SST

SFI
TAC

Maine Forest Service

Maine Geological Survey

Maine Natural Areas Program

Marine Mammal Protection Act

Memorandum of agreement

Magnuson-Stevens Fishery Conservation and Management Act
Non-Governmental Organization

North American Committee

North American Salmon Study Group (ICES)

North Atlantic Salmon Working Group (ICES)

North Attleboro National Fish Hatchery (Massachusetts)
North Atlantic Salmon Conservation Organization (international)
Northeast Salmon Team (NMFS)

National Fish and Wildlife Foundation

New England Fishery Management Council

National Marine Fisheries Service

National pollutant discharge elimination system
Northwest Fisheries Science Center (NMFS)

Non-point source

Overboard discharge

Polymerase chain reaction

Passive integrated transponder

Population viability analysis

Sustainable Forest Initiative

Soil and Water Conservation Districts (Maine)

Salmon Swimbladder Sarcoma vrius

Sea surface temperature

Sustainable Forestry Initiative

Technical Advisory Committee (Maine)
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USASAC United States Atlantic Salmon Assessment Committee

USDA/APHIS  U.S. Department of Agriculture/Animal and Plant Health Inspection Services
USFS U.S. Forest Service

USGS U.S. Geological Survey

WUMP Water Use Management Plan (Maine)
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PART ONE: BACKGROUND

The overall goal of the Endangered Species Act of 1973 (Act) is to recover species listed
as endangered or threatened to the point at which they are no longer in danger of
extinction and are unlikely to become so in the foreseeable future. To help achieve this
goal, the Act requires a recovery plan for each listed species unless such a plan will not
promote its conservation. The Act states that recovery plans shall, to the maximum
extent practicable, incorporate, objective, measurable criteria for assessing recovery
progress, management actions needed to recover and/or protect the listed species and the
ecosystem upon which it depends, and time and cost estimates for reaching recovery
objectives.

The subject of this recovery plan is the Gulf of Maine (GOM) distinct population
segment (DPS) of Atlantic salmon. The National Marine Fisheries Service (NMFS) and
the U.S. Fish and Wildlife Service (FWS) listed the Atlantic salmon GOM DPS as
endangered on December 17, 2000 (65 FR 69459). The listing was made in accordance
with both the Act, which defines distinct population segments of vertebrate fish or
wildlife as “species” eligible for protection, and the 1996 DPS policy issued by the U.S.
Fish and Wildlife Service and the National Oceanic and Atmospheric Administration (61
FR 47223).

The following Background sections describe the Gulf of Maine DPS of Atlantic salmon
and assess its current status, continuing threats to its survival and recovery, and
conservation efforts to date. The intent is to provide the context for the recovery strategy,
objectives and actions recommended in Parts Two, Three and Four of this plan.

l. GULF OF MAINE DISTINCT POPULATION SEGMENT

Historically, the geographic range of the DPS within the U.S. extended from the
Androscoggin River in the south, northward to the mouth of the St. Croix River on the
United States-Canada border (NMFS-USFWS 1999)(see figure 1 and 2). This
delineation was based on examination of life history, biogeographical, genetic, and
environmental information. Zoogeographic maps helped identify boundaries between
areas that likely exert different selective pressures on Atlantic salmon populations and
have substantial differences in riverine-marine ecosystem structure and function. Key
elements to the delineation included: (1) spatial arrangements of river systems to create
isolation, and (2) watershed location within ecological provinces and subregions that
affect the productivity and ecology of riverine-marine ecosystem complexes (NMFS and
FWS 1999).

The Gulf of Maine DPS includes all naturally reproducing remnant populations of
Atlantic salmon from the Kennebec River downstream of the former Edwards dam site,
northward to the mouth of the St. Croix River. The Penobscot and its tributaries
downstream from the site of the Bangor Dam are included in the range of the Gulf of
Maine DPS (65 FR 69459). At the time of the listing, there were at least eight rivers
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Figure 1. Geographic Range of the
Gulf of Maine DPS of Atlantic Salmon
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within the geographic range of the Gulf of Maine DPS that still contained functioning
wild salmon populations, although at substantially reduced abundance levels (65
69459)(hereinafter referred to as “DPS rivers”). The core of these remnant populations is
located in the Dennys, East Machias, Machias, Pleasant, Narraguagus, Ducktrap and
Sheepscot rivers and Cove Brook (65 FR 69459). DPS salmon taken for hatchery rearing
for broodstock purposes and any captive progeny of these salmon, are included as part of
the DPS. These hatchery-held fish do not count toward a delisting or reclassification goal
as this goal refers to the status of the salmon in the wild (see Part Three).

At the time of the listing, the Services deferred a decision whether the Gulf of Maine
DPS range included the mainstem of the Penobscot River and its tributaries above the
former site of the Bangor dam (65 FR 69459). Presently a status review is underway to
determine the relationship of large river systems (e.g., Penobscot, Kennebec) to the DPS
as currently delineated. This review will also determine the status of current salmon
populations within these large river systems, as well as any other additional salmon
populations present outside the geographic range of the DPS. Decisions regarding the
status of these populations may have significant implications for the recovery strategy
and recovery criteria. The Services will consider the implications of these decisions for
the overall recovery program and revise the recovery plan accordingly.

1. TAXONOMY AND DESCRIPTION

The Atlantic salmon, Salmo salar, is of the order Salmoniformes and family Salmonidae.
Atlantic salmon is one of only two members of the genus Salmo found in North America.
The Atlantic salmon is an anadromous fish, spending its first two to three years in
freshwater, migrating to the ocean where it spends typically two years, and returning to
its natal river to spawn. A non-anadromous variety (recognized in the past by some
taxonomists as the subspecies S. salar sebago) is found in some lakes and rivers, but for
purposes of this Recovery Plan the term “Atlantic salmon” refers to the anadromous form
while “landlocked salmon” refers to members of the non-anadromous populations. The
other member of the genus Salmo is Salmo trutta, brown trout, which was introduced
from Europe.

Atlantic salmon have a fusiform body shape, i.¢., like a spindle, rounded, broadest in the
middle and tapering at each end. The shape is somewhat flattened towards the sides
which is typical of salmonids in general. The head is relatively small, comprising
approximately one-fifth of body length. Ventral paired fins are prominent, especially on
juveniles.

Parr (juvenile salmon before they enter salt water) have eight to eleven vertical dark bars
(known as “parr marks”) on silvery sides. After smoltification, the physiological process
that enables juvenile salmon to transition from freshwater to salt-water and enter the sea,
the typical silver coloration with small, dark dorsal spots of the sea-run pre-adult
predominates. Spawning adults darken to a bronze color after entering freshwater and
darken further after spawning. They are often referred to as “black salmon™ at this stage.
The silver coloring returns after re-entering the sea.



Outmigrating Atlantic salmon smolts in Maine average 14-18 cm in length. The size of
returning adults depends on the time spent at sea. Grilse, young salmon returning to
freshwater after one winter at sea (1SW), average 50-60 cm and weigh 1-2 kg while 2SW
salmon (adult salmon returning after two years at sea) range from 70-80 cm and 3.5-4.5
kg. Salmon that are 3SW (adult salmon returning after three years at sea) are 80-90 cm
long and often weigh more than 7 kg (Baum 1997).

I11.  DISTRIBUTION AND ABUNDANCE

Atlantic salmon reproduce in coastal rivers of northeastern North America, Iceland,
Europe and northwestern Russia and migrate through various portions of the North
Atlantic Ocean. There are three generally recognized groups of Atlantic salmon: North
American, European and Baltic.

The North American group historically ranged from the Ungava area of northern Quebec,
southeast to Newfoundland and southwest to Long Island Sound. It includes Canadian
populations (e.g., St. Lawrence River Basin, outer Maritimes, Bay of Fundy and
Newfoundland-Labrador) and U.S. populations, including the Gulf of Maine DPS of
Atlantic salmon as described above.

In Canada, significant reproducing populations remain throughout the historic range,
though many populations are severely depleted. In May 2001, Atlantic salmon
populations in several rivers in the upper Bay of Fundy were designated as endangered by
the Canadian Committee on the Status of Endangered Wildlife* (COSEWIC).
Subsequently, the Species at Risk Act (SARA) was passed in October 2002. The Atlantic
Salmon Inner Bay of Fundy populations are protected under SARA.

In the U.S., nearly every major coastal river north of the Hudson River historically
supported an Atlantic salmon population (figure 3). These populations have been divided
into three Distinct Population Segments: Long Island Sound, Central New England and
Gulf of Maine (NMFS-FWS 1999). At one time, at least eight rivers in the Long Island
Sound DPS had Atlantic salmon runs. The Central New England DPS ranged from the
Merrimack River in the south to the Royal River (Yarmouth, Maine) in the north. All
wild populations in the Long Island Sound and Central New England DPS’s have been
extirpated. Efforts to restore these salmon runs (e.g., Saco, Merrimack, Pawcatuck and
Connecticut rivers) have been underway for the past thirty years.

COSEWIC is an independent committee of experts that assesses the status of species suspected of
being at risk of extinction. While Canadian federal, provincial and territorial governments
recognize COSEWIC as the source of independent advice on the status of species at risk and to
work cooperatively to protect these species, COSEWIC designations have no legal standing.
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Persistent reproducing wild populations of Atlantic salmon occur within the Gulf of
Maine DPS but have declined to critically low levels (see page 1-7). Since the listing,
adult returns, as well as juvenile abundance estimates and survival have continued to
decline. In 2004, the total number of adult returns to the eight rivers still supporting wild
Atlantic salmon populations within the DPS was estimated to range from 60 to 113
(USASAC 2005). The best long-term data for adult DPS returns is for the Narraguagus
River, which indicates greatly reduced numbers since 1967 (Figure 4). The estimated
number of adult returns to other DPS rivers over the past 11 years indicates a similar
decline (Figure 5). Replacement rates of adult salmon in the Narraguagus River for the
years 1996 to 2002 all averaged less than 1.0, with the lowest value of 0.2 occurring in
2002 (Figure 6). Population assessments on the DPS by USASAC show a current 5-year
geometric mean replacement rate of 0.54 (USASAC 2004).

IV. LIFE HISTORY AND HABITAT REQUIREMENTS

Differences in life history among United States and Canadian stocks of Atlantic salmon
were identified as early as 1874 (Atkins 1874). Both environmental and genetic factors
make the DPS markedly different from other populations of Atlantic salmon in their life
history and ecology (NMFS and FWS 1999). Differences in life history characteristics
have contributed to making the Gulf of Maine DPS distinct (NMFS and FWS 1999).
Remnant DPS populations have maintained the most characteristic of these factors:
smoltification at a mean age of two and predominant adult returns at age four after two
winters at sea (2SW fish).

Wild salmon in Maine DPS rivers are genetically different from European and Canadian
Atlantic salmon (NRC 2002, and references therein). U.S. Atlantic salmon stocks are
composed of predominately 2SW salmon (> 80%) (Atkins 1874; Kendall 1935;
USASAC 1999), while many Canadian and several European stocks have a much higher
grilse component and a lower 2SW component (frequently <50%) (Hutchings and Jones
1998). The proportion of 2SW fish in an Atlantic salmon stock has a documented genetic
basis (Glebe and Saunders 1986; Ritter et al. 1986; Hutchings and Jones 1998; Palm and
Ryman 1999). In 1999, a Biological Review Team (BRT)® completed a status review and
concluded that the Gulf of Maine DPS has unique life history characteristics that have a
heritable basis (NMFS and FWS 1999). The pattern of homing to their natal streams
leads to a variety of local adaptations in life history features such as timing of spawning
runs and growth rates (NRC 2002 and references cited therein). The NRC Committee on
Atlantic salmon in Maine concluded that the large genetic differences among populations
suggest biologically important genetic isolation and that the genetic differences among
tributaries within large watersheds are suggestive of local adaptations (NRC 2002).

3 Section 4(b)(1)(a) of the ESA provides that the Secretaries of the Interior and of Commerce shall
make listing determinations based solely on the basis of the best scientific and commercial data
available, after conducting a review of the status of the species and after taking into account those
efforts being made by any state or foreign nation to protect such species. Under the ESA,

biological review teams can be convened to review the status of species in accordance with section
4(b)(1)(a) of the Act.
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Figure 4: Documented Adult returns to the Narraguagus River
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Figure 6: Replacement Rate for Narraguagus River
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The occurrence of at least some straying among locally adapted populations allows the
development of a metapopulation® structure. Genetic data on Atlantic salmon in Maine
indicate that they may constitute one or more metapopulations, which are distinct from
other populations in North America (Spidle et al. 2003).

The relatively complex life cycle of anadromous Atlantic salmon is described in the
Status Review (NMFS and FWS 1999) and is extensively treated by Baum (1997) and
Gibson (1993)(figure 7). The typical cycle for Maine salmon is summarized below by
life stage.’

A. Adult Spawning

Historically (through the early 1980s), salmon runs in Maine were comprised of
approximately 5% 1SW fish and 3SW fish, or repeat spawners, were more prevalent than
today (Ed Baum, Atlantic Salmon Unlimited, personal communication). Presently, the
majority of returning adult salmon are 2SW fish (80%) while approximately 15 to 20% of
the run are 1SW fish. A small proportion of the run is comprised of 3SW fish and repeat
spawners. While most 1SW fish are males, the older returning salmon are predominantly
females at approximately a 2:1 ratio.

Spawning adults return from the sea to Maine rivers from May through October. The
majority of a spawning run (60-70%) enters freshwater before August. The
predominance of 2SW fish influences spawning-run timing because they typically enter
rivers earlier than grilse (1 SW). Historically, the majority of salmon in the Penobscot,
Dennys, East Machias, Machias, Narraguagus, Kennebec, Androscoggin and Saco rivers
entered freshwater between May and mid-July and were therefore called “early run,”
whereas the majority of those returning to the Ducktrap River entered freshwater after
mid-July and were called “late run” (Baum 1997). Some rivers, such as the Sheepscot
and Pleasant, had both an early run and late run of Atlantic salmon (Baum 1997). The
current trend in spawning-run timing is difficult to discern due to low abundance and the
lack of collection facilities on all rivers. Analysis of historic recreational catch data in
some Maine rivers indicates that the timing has changed little in the past fifty years
(Baum 1997).

The upstream migration of adult Atlantic salmon is a complex response to different
environmental stimuli at different times in the migration. Increasing water flows and
temperatures stimulate upstream migration. Solomon et al. (1999) describe two Atlantic
salmon migration phases: the first includes river entry and a period of holding, the second
includes instream movement to spawning areas. Olfaction is important in the first phase
of migration, when salmon locate and enter their natal river. Once in the river, olfaction
is overshadowed by the influence of flow and temperature. The low flows that are typical
of Maine rivers in late summer constrain movement. As a result of these constraints,

4 A metapopulation is a set of populations (sometimes referred to as subpopulations) connected by

straying at low to moderate rates.

See appendix 2 for glossary of terms relating to the life history of Atlantic salmon.
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Figure 7. Life Cycle of the Atlantic Salmon
(Salmo salar)
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Maine salmon typically hold for long periods before the second migration phase. In the
second migration phase, flow becomes increasingly important as the salmon move to
smaller tributaries farther upstream in the watershed (Solomon et al. 1999). Salmon may
await the fall rains that typically occur in Maine before making their final move to
spawning reaches. Water temperatures above 22.8°C or dissolved oxygen levels below 5
ppm will inhibit migration (DeCola 1970). In Maine rivers, high summer temperatures
constrain adult salmon movements and result in mortality (Shepard 1995).

Spawning occurs predominantly from mid-October to mid-November when water
temperatures are between 7-10°C. The female seeks gravel substrate within riffle areas
and digs out a redd (nest or depression) with her tail. She deposits 7,000-8,000 eggs in
several redds 12-20 centimeters (cm) under the gravel with 22-76 cm of water flowing
over them at 27-83 centimeters per second (cm/sec). The eggs are fertilized by milt
released from nearby males, which may include several different age groups (possibly
five to six), including precocious parr that have never gone to sea. While the homing
fidelity of salmon tends to limit the exchange of genetic material between populations of
different rivers (particularly distant rivers), the participation of several age groups in a
single spawning season promotes genetic exchange among generations within a river.

The downstream movement of post-spawned adults (kelts) 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). The majority, however,
overwinter in the river and migrate to sea in the spring as “black salmon.” 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. Few rivers have a spawning run with
a significant proportion of repeat spawners.

B. Early Freshwater Development

Atlantic salmon deposit their eggs 12-20 cm under the gravel in redds. As noted, water
depths of 22-76 cm and flow rates of 27-83 cm/sec are needed to provide adequate
protection and water movement for the developing embryos. Eggs incubate slowly due to
cold winter water temperatures and hatch in March or April. The newly hatched pre-
emergent fry (alevins) rely on their yolk sac for nourishment while remaining deeply
buried in the gravel. The fry emerge from the gravel about mid-May and start feeding on
plankton and small invertebrates. Studies in Maine indicate less than 10% of the eggs
spawned in the autumn will survive to emerge as feeding fry the following spring (Baum
1997). Sources of egg mortality include de-watering, freezing, mechanical destruction
(i.e., sedimentation) and predation. From the egg through the juvenile stages, salmon
need clean gravel and cobble substrate through which water can easily flow (Stanley and
Trial 1995).

The timing of hatching and emergence, relative to spring runoff, affects egg to fry
mortality and survival. Low flows in the thirty days prior to spring runoff may cause
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high mortality among pre-emergent alevins (Frenette et al. 1984). Unusually high spring
runoff may scour redds, causing pre-emergent alevins to drift downstream prematurely.
High flows within one week after emergence can cause fry mortality or displace fry to
sub-optimal habitats (Jensen and Johnson 1999).

C. Parr Stage

Emergent fry quickly disperse from the redd, develop parr marks along their sides and
enter the parr stage. The parr stage may last for one to three years in Maine rivers, with
two years being typical. Parr habitat (often called “nursery habitat™) is typically riffle
areas characterized by adequate cover (gravel and rubble up to 20 cm), moderate water
depth (10-60 cm) and moderate to fast water flow (30-90 cm/sec) (Symons and Heland
1978). Parr are very territorial and spend much time on the bottom, holding their position
in the current aided by large pectoral fins. They feed on invertebrates and some small
fish.

The growth rate of juvenile salmon is determined by the productivity of the water
(nutrient supply) and temperature. Temperatures during the growing season range from
around 7-25°C (Elson 1975; Symons 1979). Temperatures above 28°C can be harmful to
juvenile salmon (Fry 1947). If water temperatures exceed 24°C for extended time,
growth may be affected and may be affected and fish may not reach adequate size to
over-winter successfully. While environmental factors have a strong influence on
juvenile growth and maturation, genetic differences between stocks also influence growth
and performance (Kincaid et al. 1994; Hutchings and Jones 1998).

The low flows that typically occur in late summer in Maine salmon rivers can limit parr
populations (Havey 1974; Power 1981; Gibson and Myers 1988; Frenette et al. 1984).
Parr growth and survival during the summer are positively correlated with various flow
rates, demonstrating that the low flows limit parr populations. Population reductions
during low flows probably occur because of reduction in habitat quantity and quality and
possibly reduced foraging opportunities (Frenette et al. 1984). This reduction in habitat
quantity and quality can cause salmon parr to shift to sub-optimal habitat, reducing
foraging opportunities and thereby impairing growth and survival. Frenette et al. (1984)
found that the abundance of large parr (generally 2+ parr® in their study) was significantly
correlated with mean July flow the preceding year and mean August flow two years
earlier. Power (1981) found correlation’s between low summer flows and the abundance
of adult salmon returning to Canadian rivers.

Similarly, low flows in winter are associated with reduced parr and pre-smolt abundance
(Hvidsten 1993). Low winter flows can reduce habitat quantity and exacerbate ice
conditions that cause parr mortality (Whalen and Parrish 1999).

The period from July 1 to December 31 two years after hatching.
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D. Smolt Stage

Parr larger than 12 cm undergo a physiological transformation called smoltification that
prepares them for life in a marine habitat. In Maine, this usually occurs the second spring
after hatching. The outward signs include a color transformation with the loss of the parr
marks and silvering of the body (except along the back), a more streamlined body form
(less weight per unit of length), a decline in territorial behavior and a change in
swimming orientation from facing upstream to facing downstream. Fundamental
physiological changes also occur, especially with osmoregulatory processes, that enable
the transition from the freshwater environment to the marine environment.

Migration to sea is triggered by a number of environmental cues including water flow,
temperature and photoperiod changes. Smolt migrations in Maine rivers occur primarily
at night after peak spring flows and at temperatures above about 10°C (Ruggles 1980;
Shepard 1991). In Maine rivers, downstream migration occurs primarily from mid-April
through mid-June (Baum 1997). Migrating smolts swim actively in the river and the
estuary, but the migration also includes periods of holding and may include periods of
passive drift with the current (LaBar et al. 1978; Shepard 1991; Peake and McKinley
1998). Higher flows accelerate the timing of the migration and shorten the duration.
Differences in the timing of smolt migration occur between rivers.

E. Marine Stage

The marine stage of Atlantic salmon life history is the least understood. Post-smolts
leaving Maine rivers in spring migrate northeasterly, reaching Newfoundland and
Labrador by mid-summer (figure 8). They spend their first winter at sea in the area of the
Labrador Sea south of Greenland. After the first winter at sea, a small percentage will
return to Maine while the majority will spend a second year at sea, feeding off the
southwest or, to a much lesser extent, southeast coast of Greenland. Some Maine salmon
are also found in waters along the Labrador coast. After a second winter in the Labrador
Sea most Maine salmon return to rivers in Maine, with a small number returning the
following year as 3SW fish. The homing instinct is high for Maine Atlantic salmon;
generally less than 2% have been observed to stray to non-natal rivers (Baum 1997).

V. ECOLOGICAL RELATIONSHIP OF OTHER NATIVE DIADROMOUS
SPECIES

Maine Atlantic salmon rivers historically supported abundant populations of other native
diadromous fish species including alewives, blueback herring, American shad, sea
lamprey, anadromous rainbow smelt, Atlantic sturgeon, shortnose sturgeon and American
eel. Salmon co-evolved over time with these and other aquatic organisms native to
Maine rivers. Large populations of clupeids, such as shad, alewife, and blueback herring,
used rivers within the DPS as migratory corridors, spawning grounds and juvenile
nursery habitat. As these fish completed their life cycles, they likely performed
important ecological functions that may have been important to Atlantic salmon in
completing their life cycle. Primarily, these functions may be categorized under three
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broad categories: prey buffering, marine derived nutrient cycling and habitat modification
and enhancement.

Predation Buffer

Clupeids likely provided an alternative forage base (or prey buffer) for predators of
salmon in freshwater and estuarine habitats. Specifically, pre-spawn adult alewives
migrate upstream at the same time as salmon smolts would be moving downstream to the
estuary through the same river reaches. Conversely, post-spawn adult alewives migrate
downstream at the end of the smolt migration period later in the spring. Alewives,
similar in size to Atlantic salmon smolts, likely exceeded outmigrating salmon smolts in
abundance by several orders of magnitude. Alewives were likely a substantial prey
buffer against predation on Atlantic salmon smolts within common migratory corridors
by native predators such as cormorants, otters, ospreys and bald eagles, (Schulze 1996,
USASAC 2004). Similarly, adult shad migrations that coincided with adult salmon
migrations likely served as a prey buffer against seal predation. In addition, the presence
of abundant juvenile clupeids (e.g., alewives and shad) would buffer juvenile Atlantic
salmon against bird (e.g., cormorant, merganser), and mammal (e.g., mink) predation as
these species share similar instream rearing habitat.

Marine Derived Nutrients

In addition to providing a buffer against predation, a diverse and abundant diadromous
fish community likely shaped nutrient cycling regimes in the rivers within the DPS. The
annual addition of marine derived nutrients (MDNs) was potentially very important for
wild Atlantic salmon because rivers in Maine are relatively nutrient poor (Richardson
1993). The upstream migrations of large populations of adult clupeids and sea lampreys,
along with adult salmon themselves, may have provided a conduit for the annual import
and deposition of marine derived nutrients and biomass into the freshwater environment
of these rivers. Mechanisms of direct deposition included discharge of urea, discharge of
gametes on the spawning grounds and deposition of post-spawn adult carcasses (Garman
and Macko 1998, MacAvoy et al. 2000).

In addition to clupeids sea lampreys were probably much more abundant historically than
they are today (Kircheis 2004). Sea lampreys are more habitat selective than clupeids,
prefering spawning habitat very similar in location and physical characteristics to that
used by Atlantic salmon (e.g., headwater reaches of moderate to large tributaries)
(Kircheis 2004). Unlike clupeids, lampreys’ experience 100% post-spawning mortality,
all of which occurs right on the spawning grounds (Kircheis 2004). This mortality occurs
at time that salmon fry are emerging from redds and beginning to occupy adjacent
juvenile production habitats. The decomposition of sea lamprey carcasses likely resulted
in substantial depositions of MDNs directly into juvenile salmon rearing habitats. These
nutrients probably enhance the primary production capability of these habitats for weeks
or even months. Moreover these MDNs would gradually be transferred throughout the
trophic structure of the ecosystem, including those components most important to
juvenile salmon (e.g., macroinvertebrate production). Clupeids also serve as an
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important vector of MDN, experiencing 20% to 50% post-spawning mortality (Collette
and Klein-MacPhee 2002). While clupeid spawning generally occurs in middle to lower
river reaches (i.e., below salmon spawning), the resulting MDN influx may still be
substantial to a river system as a whole; if not to Atlantic salmon populations specifically.
Additional MDNs may not always translate to higher primary productivity levels
(Ambrose et al. 2004) but many studies from west coast ecosystems describe the
ecological significance of this nutrient cycling function among co-evolved Pacific salmon
species (Bilby et al. 1996, Cederholm et al. 1999, Gresh et al. 2000). The scientific basis
and biological significance to Atlantic salmon of any parallel nutrient cycling role that
co-evolved clupeids, sea lamprey, or Atlantic salmon themselves might represent in east
coast salmon rivers is not well studied and therefore not thoroughly understood at this
time.

Habitat Modification/Enhancement

Sea lamprey spawning activity can enhance instream substrate structure and thereby
benefit other species including Atlantic salmon (Kircheis 2004). Sea lamprey spawning
activity loosens and cleans substrate making the site more suited for spawning sites for
other salmonids including Atlantic salmon (Kircheis 2004). The disturbance of substrate
results in increased permeability and water quality that may enhance salmon egg and fry
survival as well as benefiting other important aquatic species such as insects and
invertebrates (Kircheis 2004).

VI. HISTORICAL STOCKING OF SALMON WITHIN THE DISTINCT
POPULATION SEGMENT RANGE

A. Stocks Used for Artificial Propagation

The first stocking of Atlantic salmon within the range of the Gulf of Maine DPS (see
page 1-1) occurred in 1871 with the release of 1,500 parr of Canadian origin into the
Sheepscot River. At the same time, a hatchery was established in the lower Penobscot
River drainage and the practice of purchasing wild adult salmon harvested by commercial
trap-netters for use as broodstock was initiated. The Penobscot River was the primary
source of Atlantic salmon eggs for artificial propagation within the region for the next
fifty years. Between 1871 and 1886 about 24 million eggs were taken from wild
Penobscot sea-run salmon. Most of these eggs were used to stock waters outside of the
DPS area, including inland lakes to create or enhance landlocked salmon populations
(Baum 1997).

In the early 20th century, declining salmon runs and price disputes with commercial trap-
netters resulted in a decline of Penobscot eggs available for artificial salmon propagation.
As a result, Canadian salmon stocks, primarily from the Miramichi and Gaspé rivers,
were used throughout the 1920s and 1930s as a source of eggs for the Craig Brook
National Fish Hatchery (CBNFH) in East Orland, Maine. The use of Canadian eggs
declined in the 1940s when the Machias River and, for a brief time the Penobscot River,
became sources of broodstock. During the 1950s and 1960s, a lack of Penobscot River
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fish once again resulted in Canadian salmon being used as the primary source of eggs.
These were supplemented with Atlantic salmon eggs from adults collected from the
Machias and Narraguagus rivers.

In the late 1960s, efforts to rehabilitate the Penobscot salmon run were initiated through a
combination of construction of new and/or improved fish passage facilities, improved
water quality’ and restocking utilizing smolts of mostly Machias and Narraguagus River
origin (Baum 1997). By the 1970s, the adult returns made the Penobscot River
propagation program self-sufficient for eggs and enabled it to support the egg needs of
other hatcheries in Maine. Since 1992, rivers within the range of DPS still supporting
wild salmon populations have been stocked only with juvenile salmon that are the
offspring of parr taken from that specific river and raised to broodstock or mature fish
(i.e., river-specific stocking).

B. Life Stages and Numbers Stocked

The stocking strategy in the U.S. from the start of the artificial propagation program in
the 1870s through the 1930s depended heavily on releasing fry. Most records indicate
that early fry stocking methods were dominated by cluster stocking in limited areas of a
river. After a sixty-year period of predominantly fry releases, with unsatisfactory
success, the strategy shifted to parr stocking which continued through the 1950s. By the
mid-1960s, due to poor results from the parr stocking program, a smolt stocking program
was implemented (Baum 1997).

The numbers of fish produced and stocked varied greatly depending on the stocking
strategy (i.e., fry vs. parr vs. smolt). The greatest numbers of fish were stocked between
1896 and 1936. Fry were the focus of the stocking program during this period, with
millions of fry stocked each year. In the 1930s, hatcheries began retaining fry for rearing
to the parr stage. As a result of this change in stocking strategy, the number of fish
stocked annually fell from one to three million fry to 100,000-300,000 parr. This
reduction was due to hatchery capacity limitations. During the 1940s and 1950s, adult
returns were poor despite the stocking of hundreds of thousands of hatchery-reared fry
and parr (Baum 1997).

Beginning in the early 1960s, the stocking program shifted to smolt production. The
construction of Green Lake National Fish Hatchery (GLNFH) in 1974 and a change in
rearing regime from 2-year-old smolts to 1-year-old smolts increased production capacity
to 600,000 annually. Nearly all these smolts are stocked into the Penobscot River.

In 1991, based on the recommendation of the Maine Atlantic Salmon Technical Advisory
Committee (TAC)®, the current river-specific stocking program was initiated. The river-

7 These improvements were made under the auspices of the Anadromous Fish Conservation Act of

1965, and Clean Water Act of 1972.

The Maine TAC provides scientific and technical advice concerning Maine Atlantic salmon to the
Regional Administrator of the National Marine Fisheries Service, Regional Director of the U.S.
Fish and Wildlife Service and the Chair of the Maine Atlantic Salmon Commission. The TAC is
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specific stocking program stocks fish at the fry life-stage as the primary management
strategy to recover Atlantic salmon populations in the DPS (see Recovery Action 5).
This program stocks the progeny of salmon collected from DPS rivers into the river of
origin (i.e., river-specific stocking). This strategy was intended to help protect the
genetic integrity and metapopulation structure of the DPS and restore declining numbers
of wild salmon.

C. Impacts of Past Stocking

Despite previous stocking efforts, the natural populations remaining in Maine rivers are
distinguishable from each other with a level of genetic distinctiveness typical of that
found in natural salmon populations in other parts of the world (NRC 2002). Historic
stocking practices may have had an adverse effect upon the genetic integrity of the wild
stocks persisting in rivers within the DPS (i.e., the geographic range, see page 1-1)
(NMFS-USFWS 1999). These early programs, however, were limited in technology,
distribution capabilities and knowledge of stocking strategies. Evidence suggests that
these early efforts probably resulted in only negligible adult returns. For example, a
recent study found no evidence of genetic influence on the Penobscot River salmon
population from Miramichi stocks introduced in the late 1960s (Spidle et al. 2001). Poor
hatchery return rates coupled with remnant natural stocks suggest that while some
negative effects upon the genetic integrity of these stocks are possible, there is no
evidence that stocks of hatchery origin have supplanted or homogenized the wild
populations existing in these rivers. Genetic studies and review of these data (King et al.
2000, 2001; NRC 2002) have demonstrated that genetic structure continues to exist
among the wild populations in the DPS rivers.

In June 2001, a multi-disciplinary committee was formed by the National Research
Council (NRC), the principal operating agency of the National Academies of Science, to
review the available scientific information on the status of wild Atlantic salmon
populations in Maine. Part of the committee’s charge was to assess how Maine salmon
populations differ from other Atlantic salmon populations. The NRC committee was
tasked with assessing whether North American Atlantic salmon are genetically different
from European salmon, whether Maine salmon are genetically different from Canadian
salmon and the level of genetic distinctiveness, if any, between Atlantic salmon
populations in the Gulf of Maine DPS. The committee concluded that North American
populations of Atlantic salmon are clearly genetically distinct from European Atlantic
salmon populations; Atlantic salmon in Maine are genetically distinct from Atlantic
salmon in Canada; and, there is considerable genetic divergence among the remnant
populations of Atlantic salmon in the Gulf of Maine DPS (NRC 2002). In addition, the
committee concluded that the pattern of genetic divergence among Maine streams is
similar to patterns seen elsewhere and is the degree of genetic divergence expected in
natural salmon populations in the Northern hemisphere (NRC 2002).

comprised of representatives of the Maine ASC, Maine DMR, Maine IFW, NMFS, FWS and the
Penobscot Indian Nation.
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The NRC committee on Atlantic salmon in Maine reviewed the available scientific
information on this subject and concluded that, despite many years of non-river specific
stocking, substantial genetic divergence remains among populations (NRC 2002). The
committee also concluded that the remnant stocks in the Gulf of Maine DPS are not
simply hatchery products; rather they display typical metapopulation structure. Wild
salmon populations in Maine display the degree of genetic divergence characteristic of
wild salmon populations where stocking has not occurred or has been minimal.

VI.

REASONS FOR LISTING

Documented adult returns of Maine salmon declined significantly in the 1980s and
remain at critically low levels of abundance. Among the numerous factors that led to the
endangered designation of Atlantic salmon populations in the Gulf of Maine DPS were
the following:

Critically low adult returns make the DPS especially vulnerable and susceptible to
threats

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

Excessive or unregulated water withdrawal

Multiple factors that are likely affecting the quality of freshwater habitat in the
DPS

Continuation of the commercial fishery in Greenland’

The threat of disease to the DPS from Infectious Salmon Anemia (ISA) and
Salmon Swimbladder Sarcoma (SSS)

Increased likelihood of predation because of low numbers of returning adults and
increases in some predators

Existing aquaculture practices, including the use of European Atlantic salmon'’,
pose ecological and genetic risks

These threats, which were key factors in the listing determination, continue to imperil the
continued existence of Atlantic salmon.

As part of the Recovery Planning process, the Services assembled a team of technical
experts from Maine ASC, NMFS and USFWS to conduct a structured threats analysis.
This evaluation of the geographic extent and life stage affected by threats, and the

10

The Services determined that at the time of listing the continuation of the internal use fishery in Greenland
posed a reduced but continuing concern to the DPS. However, the Services concluded that the best available
data did not show that overutilization was creating a danger of extinction. In August 2002, commercial
fishing for Atlantic salmon within Greenland territorial waters was provisionally suspended for five years
(see page 1-56). The internal use fishery is not included in the agreement.

In May 2003, U.S. District Judge Gene Carter issued a ruling prohibiting the use of European salmon by
Atlantic Salmon of Maine and Stolt Sea Farm Inc. The ruling was part of a lawsuit brought against the
aquaculture industry under the Clean Water Act for operating without a NPDES permit as required under the
Act. Heritage Salmon, the other major salmon producer in Maine, had already agreed to not stock any non-
North American salmon as part of an earlier consent degree. In 2003, the Maine DEP issued a MEPDES
general permit for Atlantic salmon aquaculture. The permit contains conditions for finfish aquaculture
operations including the prohibition of the use of non-North American strains of Atlantic salmon.
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severity of these effects, resulted in the following threats being identified as high priority
for action to reverse the decline of Atlantic salmon populations in the Gulf of Maine
DPS:

e Acidified water and associated aluminum toxicity which decrease juvenile
survival

e Aquaculture practices, which pose ecological and genetic risks

e Avian Predation

o Changing land use patterns (development, agriculture, forestry etc.)

e Climate Change

o Depleted Diadromous Fish Communities

o Incidental capture of adults and parr by recreational fishermen

o Introduced fish species that compete or prey on Atlantic salmon

e Low Marine Survival

e Poaching of adults in DPS rivers

e Recovery Hatchery Program (potential for artificial selection/domestication)

e Sedimentation

o Water extraction

No single factor can be pinpointed as the cause of the continuing decline of the DPS,
rather, all the threats that were key factors in the listing determination in addition to other
recently identified threats, have the potential to adversely affect Atlantic salmon and/or
their habitat. Continuing research and assessment is needed to understand the impacts
and interactions of all of the threats faced by the DPS. Not all threats are pervasive
throughout DPS rivers (e.g., excess nutrients may only be a threat in the Sheepscot River,
Maine TAC 2002) and not all threats would be expected to adversely affect the DPS if
populations were stable (i.e., predation and competition would not be expected to be a
threat if Atlantic salmon populations were not at critically low levels). The discussion of
threats below includes identification of threats, the impact the threat has on the species
and/or its habitat, and the source of the threat.

A PRESENT OR THREATENED DESTRUCTION, MODIFICATION OR
CURTAILMENT OF HABITAT OR RANGE

The following section examines the multiple threats and types of impacts (stressors) that
may affect Atlantic salmon habitat. As discussed (see below), many historical land-use
activities have likely had a significant impact on the quantity and quality of Atlantic
salmon habitat throughout Maine. In addition, numerous current activities (sources) have
the potential to affect salmon habitat. The following section examines various threats to
habitat and, where appropriate identifies activities that may affect habitat thereby
impeding the recovery and conservation of the DPS. In many cases there are multiple
potential sources that may contribute to impacts that may affect Atlantic salmon habitat.
For example, numerous activities if not conducted properly in accordance with best
management practices (BMPs) or in violation of existing regulatory measures may result
in sedimentation that has the potential to affect salmon habitat, both quantity and quality.
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Historic Impacts

Many historical land and water use activities have altered, and in some cases destroyed,
habitat needed by Atlantic salmon for spawning, growth and migration. The effects are
evident from the headwater lakes, streams and springs that feed the rivers all the way to
the estuaries and into the Gulf of Maine. Atlantic salmon habitat in Maine has changed
dramatically over the last two hundred years due to a number of factors including dams,
log drives, stream channelization, accelerated sedimentation and road crossings. These
factors have altered important habitat features including channel widths and depths, pool-
to-pool spacing, modification of floodplain flowage patterns and functionality and
substrate composition.

Historically, timber harvests likely had a significant impact on Atlantic salmon
populations and habitat. Salmon and their habitat were likely impacted through direct
and indirect effects of timber removal and transport. Historical practices such as log
driving, channel clearing and large-scale clear cutting have largely been eliminated.
Forest management activity, including timber and pulpwood harvesting is still common
in the DPS river watersheds. The Maine Forest Service (MFS; a bureau within the Maine
Department of Conservation) estimates that 1-2% of the area of these watersheds are
harvested annually, slightly below the statewide average of approximately 3.3%. Natural
regeneration of harvested areas is typically profuse on most sites in Maine and planting is
relatively uncommon. The Services believe that current forest management activities,
including timber harvesting, do not represent a significant threat under current
management measures and harvest practices. Similarly, the NRC (2004) concluded that
current forestry practices do not appear to be an important problem for Atlantic salmon in
Maine. However, some forest practices (e.g., inappropriate road construction and
maintenance, removal of riparian vegetation) have the potential to adversely affect
salmon habitat quality and availability and therefore needs to be monitored (NRC 2004).

While many historic land-use practices have largely been eliminated, changes to the
physical, chemical and biological structure of rivers and streams may remain for many
decades after the activity has been terminated. Current smolt population and survival
studies strongly suggest that habitat-related factors in freshwater may significantly impact
smolt production and survival (NMFS and FWS 1999). Incongruity between the
increases in early juvenile abundance due to fry stocking and the corresponding parr and
smolt survival rates suggest that the quality of the freshwater habitat may be negatively
impacted by multiple factors within the rivers.

Current Habitat Quality

Despite the impacts of past human activities, much of the habitat within the DPS can be
generally characterized as being free-flowing, medium gradient, cool in-water
temperature and suitable for spawning in gravel substrate areas. While habitat quantity is
generally known for rivers within the DPS, the quality of existing salmon habitat has not
been fully assessed. The extent to which historic habitat disturbances/alterations continue
to impact salmon habitat has not been adequately assessed. Information documenting
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pre-disturbance conditions is generally lacking making restoration of degraded habitat
and ecological processes more difficult. Many physical alterations/factors may be
affecting the quality of habitat in rivers and streams within the DPS including; substrate
embeddedness, stream channel alteration, diminished habitat complexity and multiple
water quality issues.

Substrate Embeddedness and Permeability

The degree by which fine sediments surround coarse substrates on the surface is often
referred to as embeddedness (Sylte 2002). Increased embeddedness may block juvenile
salmon from seeking shelter beneath substrates during cold temperatures. Recent studies
on the Downeast'" rivers found indications that juvenile densities were inversely related
to embeddedness levels (Atkinson et al. 2005). The full extent of embeddedness in rivers
within the DPS is not well documented. Additional research into this issue is warranted
(see page 4-29).

Many studies have documented the relationship between substrate permeability and
salmonid survival during egg incubation and through fry emergence (Wicket 1958,
Peterson 1978, McKenzie 1985 and Gustafson-Marjaene 1982). Substrate permeability is
reduced when fine sediments are deposited in stream beds. Reduced permeability can
lead to lower dissolved oxygen rates and greater concentrations of metabolic wastes
around incubating eggs. In Maine, several studies have found similar trends for both
natural and artificially created redds. McKenzie (1985) and Gustafson-Marjanen, (1982)
found permeability was related to emergence from wild redds in several Downeast rivers.
These studies, while somewhat limited in sample size, indicate permeability has a
significant affect on survival to emergence of salmon. The Maine Atlantic Salmon
Commission has begun studies to estimate permeability in spawning areas on Downeast
Rivers in order to try to relate salmon survival to permeability (Sheller 2005).

Stream Channel Alteration

Many reaches of rivers within the DPS display very large channel width to depth ratios.
This suggests that in some areas stream channels are overly wide. These shallow
channels may be a result of disturbance or a function of bedrock geology. Channels with
large width to depth ratios tend to experience more rapid water temperature fluctuations,
cooling and heating more quickly than narrow deep channels (Cunjak et al. 1998).
Changes in channel geometry could also increase embeddedness as wider channels could
decrease bed mobility (e.g., reduce sediment transport).

Alterations of the physical instream habitat have been documented on a number of DPS
rivers. For example, an inventory of historic impacts to habitat, prepared for Project
SHARE, details a wide variety of instream channel changes on the Machias River
(Abbott 2004). Documented stream channel alterations on the Machias River include

11 Generally, Downeast Maine encompasses coastal Maine, east of the Penobscot River including Washington
and Hancock Counties.
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widening at the outlet of First Machias Lake, diversions below Holmes Falls and areas of
the river bottom covered with slabs of wood.

Diminished Habitat Complexity

Large instream structures such as boulders, large woody debris (LWD) and organic
debris can influence sediment sorting and storage, spacing of pool-riffle sequences and
overall channel geometry. All of these structures are important for the formation and
maintenance of channel morphology including gradient, pool depths and sequencing of
features. Structural elements affect channel processes at all scales from distribution of
bed materials to valley formation. At a local level, structural controls can create scour
conditions that form and maintain pools. At a reach level, LWD can influence pool-riffle
sequencing, bank erosion and bar formation. At a valley level, LWD can influence
interaction between rivers and their floodplains.

Large instream structure such as boulders, LWD and root wads provide habitat required
by Atlantic salmon for survival. In winter, salmon require habitat that provides adequate
shelter from adverse physical conditions, particularly high flows as well as protection
from predaceous mammals and birds (Cunjak et al. 1998). Availability of winter habitat
may influence salmon survival and has been identified as a potential limiting factor for
Maine salmon populations (NMFS 2003, unpublished report).

Large Woody Debris (LWD)

Habitat surveys conducted through the 1990’s evaluated the presence of large woody
debris (LWD) in streams and rivers in Maine including DPS rivers (USFWS 2004). The
data indicate that, in channels less than 10 meters wide, 65% of pool, run and riffle
habitat features on the Downeast rivers lack LWD.

A 10 meter channel width is used as a threshold as larger channels would be less likely to
retain LWD due to higher flows and the absence of trees with channel spanning heights.
The significance of the lack of LWD is not known and historic LWD volumes are
unavailable for the Downeast rivers. A comprehensive study of LWD, funded by the
National Fish and Wildlife Foundation, is currently underway.

Large woody debris (LWD) may be important for Atlantic salmon during several life-
history stages. Nislow et al. (1999) found that survival of salmon fry in small streams in
Vermont was strongly correlated with the availability of lateral, low-velocity
microhabitats'?. The addition of LWD increased the availability of these habitats
(Nislow et al. 1999). LWD may be even more important for older juvenile life-stages.
Salmon parr appear to use instream cover extensively, including LWD, particularly
during winter (Cunjak et al. 1998). This issue may be particularly relevant to Atlantic
salmon in Maine. Data collected from index stream sites indicate that there is a high
mortality rate for large (pre-smolt) salmon parr during the winter prior to their

12 Microhabitats habitats away from the main channel (e.g., near banks, lateral channels) that
maintain velocities < 0.18 m/sec during the early fry stage.

1-24



outmigration as smolts (John Kocik, NMFS, unpublished data). The low over-winter
survival rate for large (pre-smolt) salmon parr is having a significant affect on overall
smolt production from these systems. This may constitute a bottleneck to population
recruitment. If pre-smolt winter survival is linked to the availability of appropriate
habitat, increasing the amount of LWD cover may increase overwinter survival and smolt
production.

Boulders

While it is clear that juvenile Atlantic salmon use boulders and loose cobble as shelter
during winter, few studies have examined habitat preferences for other types of cover.
Whalen et al. (1999) found that at night, rock and root wad complexes had higher
concentrations of Atlantic salmon parr relative to other locations in the stream, especially
during the ice and post-ice periods. These researchers also found parr sheltering in quiet
water formed by boulders, woody debris and stream edges (Whalen et al. 1999).

As noted, most of the rivers within the DPS were historically used for log drives.

Streams were reportedly channelized and, meanders removed in order to transport logs to
sawmills. Similarly large instream structures such as boulders were apparently removed
where they might obstruct or hinder the downstream transport of timber. For example, in
the Machias River, known habitat alterations include the removal of boulders on the
mainstem below Third Machias Lake and above the confluence with the West Branch. In
the Narraguagus and Machias rivers, historic alterations also included removal of mid-
channel boulders and diking along lower reaches of the Machias River.

As noted above, large instream structure such as LWD and boulders are important for the
formation and maintenance of stream channel morphology including gradient, pool
depths and sequencing of features. These features provide the habitat complexity that is
required by Atlantic salmon. It is known that juvenile Atlantic salmon require a diversity
of habitats including unembedded substrate and instream structures such as boulders, root
wads and woody debris. For stream restoration efforts to be successful it is necessary to
consider the habitat requirements for all lifestages as well as seasonal and temporal
needs.

1. Water Use

Water withdrawals for agricultural irrigation was identified as a key threat to Atlantic
salmon (65 FR 69459; NMFS and FWS 1999; MASCP 1997). The Services have
concluded that water extraction remains a high level threat to the conservation of the
DPS. Water extraction has the potential to expose or reduce salmon habitat. It is the
most immediate habitat threat posed in some DPS rivers (65 FR 69475). Adequate water
quantity and quality are critical to all life stages of Atlantic salmon, including spawning,
egg survival, fry emergence, juvenile survival and smolt emigration. Water quantity and
quality can be affected by the withdrawal of water for irrigation and other purposes.
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In the Pleasant, Narraguagus and Machias river watersheds, commercial wild blueberry
growers irrigate with water withdrawn from streams supporting wild Atlantic salmon.
These water withdrawals pose a threat to Atlantic salmon and their habitat (65 FR
69477). This threat, if not adequately addressed, is likely to grow based on industry
projections of expansion of berry production and processing. Approximately 6,000 acres
of blueberries are irrigated annually. Water is needed for irrigation, frost protection and
berry processing (NMFS and FWS 1999).

The potential impacts of water withdrawals from DPS rivers and streams include limiting
summer habitat for parr, low winter flow effects on redds and egg incubation as well as
adult immigration (requires fall increases in flows) and smolt emigration. Timing of
emigration is cued by day length, temperature and discharge. Speed of out movement
may be related to discharge. If reservoirs are to be used, the effects of capturing spring
flows on the emigration of smolts needs to be evaluated. Changes in streamflow due to
withdrawal can change basic sediment transport functions and result in stream channel
changes.

The State of Maine and its partners have completed a water use management plan
(WUMP) for the Narraguagus and Pleasant rivers and for Mopang Stream (MSPO
2001)"*. The WUMP concludes that withdrawal of surface water during low flows poses
the greatest risk to Atlantic salmon habitat. The WUMP also concludes that “...irrigation
of existing acreage with a well replacing the major direct withdrawal seems to affect
habitat only at the lowest flows.”

As aresult of the WUMP, there has been a net reduction in the number of large growers
withdrawing water directly from streams covered under the WUMP (Nate Pennell,
Washington County Soil and Water Conservation Service, personal communication). In
recent years, wild blueberry growers have begun to move away from withdrawing water
directly from rivers in these watersheds, relying instead on groundwater withdrawals to
meet their needs. Little information is available to assess the potential impacts of these
withdrawals on water quality in DPS rivers. Water withdrawal from groundwater
aquifers may affect cold groundwater discharge rates from springs. During periods of
elevated water temperatures typical of summer conditions, salmon rely on cold water
refugia to survive. Numerous smaller wild blueberry growers continue to rely on direct
water withdrawals from rivers to meet their irrigation needs.

The Maine Land Use Regulation Commission (LURC; a bureau of the Maine Department
of Conservation) regulates water withdrawals from surface waters and groundwater
within unorganized territories in the State of Maine. The LURC must approve requests
for withdrawals for irrigation and can curtail withdrawals if water levels fall below what
is considered necessary for the well being of fish and wildlife or other natural resources.
In 1999, LURC limited the amount of water that could be drawn from the Pleasant,
Narraguagus and Machias rivers based on instream flow incremental methodology

13 The WUMP identifies a hierarchical approach for using water intended to ensure adequate stream

flows that are protective of Atlantic salmon while addressing the irrigation needs of the blueberry
industry within the watersheds for which the plan was developed.
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(IFIM) studies of Mopang Stream (a major tributary of the Machias River), Narraguagus
and Pleasant rivers. The LURC has worked with the Services during review of water
withdrawal permit applications to ensure that permits are sufficiently protective of
salmon.

In addition, the DEP is in the process of developing in-stream flow standards that will
apply to all state waters. These standards are specified in 38 MRSA Section 470E.
These standards will recognize existing standards developed for Downeast rivers under
the WUMP process. The DEP recognizes that there may be differences between [FIM
and low flow analyses to document suitable flow limits and intends to carefully evaluate
available information to determine the appropriate stream flow statistic that will protect
salmon habitat.

The Maine DEP has the authority to regulate water withdrawals from organized
municipalities within the State. Water withdrawals in organized municipalities are not
currently regulated. This multi-jurisdictional arrangement results in situations where
water withdrawals from a water body whose shores are located in both organized and
unorganized towns can be regulated on one bank and not on the opposite bank.

In addition to the agricultural demand for water, population growth and development in
Maine has accelerated in recent years, especially in the mid-coast region. This trend is
projected to continue (Gulf of Maine, Council on the Maine Environmental 2001) and
will undoubtedly result in increased municipal water use demands. This change in land
use patterns and resource demands, including water use, will need to be managed in order
to protect salmon and their habitat.

In addition to direct withdrawal for irrigation and other purposes, impoundments used to
regulate instream flow affect the hydrologic conditions of DPS rivers. Several DPS
rivers have small dams on lakes and ponds within the drainage used to manipulate river
flows. For example, the ASC manages low flows in the Dennys River using
Meddybemps Dam and there are dams on Cathance Stream that may influence flows.
The IFW manages Bog Brook Flowage for waterfowl production, influencing the flow of
a tributary to the Narraguagus River. Gardner Lake Dam has partial control of flow in
Chase Mill Stream, a tributary to the East Machias River. Pleasant River Lake, source of
the Pleasant River, has a dammed outlet. The potential for regulating low flows by
impoundments on ponds in the Sheepscot River drainage has not been evaluated. The
potential to use stream flow augmentation to meet Atlantic salmon flow needs and
increase juvenile production should be investigated (see page 4-38).

The effect that these impoundments have on the hydrologic conditions of individual
watersheds and Atlantic salmon habitat has not been assessed. One recent event does
underscore the potential for negative impacts on Atlantic salmon. In spring 2002 vandals
blocked the fishway at the Meddybemps Lake Dam on the Dennys River, thereby
reducing flow in the river, eliminating fish passage into the lake (probably not a major
problem for salmon directly, but an ecosystem issue), and increasing the risk of
catastrophic dam failure. The water in the lake was high, and blocking the fishway
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reduced the amount of water flowing out of the lake. If a major storm had occurred, it is
conceivable that the dam could have been overflowed. The result of this occurrence was
that some salmon habitat in the Meddybemps area had much lower flows than intended.

2. Water Quality

There are a number of water quality issues that have the potential to adversely affect the
recovery of the DPS. Non-point source (NPS) pollution problems occur on all DPS
rivers. Sources of NPS pollution include agriculture, airborne pollutants (e.g., acid rain),
livestock grazing, septic systems, forestry timber harvest activities not conducted in
accordance with BMPs, public and private roads, overboard discharges (OBD, a type of
waste water treatment system), stream channel alteration and urban runoff. The most
common NPS pollutants are sediment and nutrients. Other NPS pollutants include
agricultural pesticides, heavy metals, pathogens (bacteria and viruses) and toxic
chemicals. The prevailing land use patterns and disturbances within DPS river
watersheds result in varying amounts of NPS pollution within DPS rivers. While NPS
pollution issues are noticeable in all rivers within the DPS, the cumulative effect on water
quality is most evident in the Sheepscot River watershed (Maine TAC 2002). The
Sheepscot River has elevated levels of nutrients, bacteria, organic loading, temperature
and also has depressed dissolved oxygen (Maine TAC 2002). Local watershed councils,
with assistance from state and federal agencies, have identified and remediated numerous
non-point source pollution sites in DPS river watersheds.

There are few point sources of pollution on the eight salmon rivers. Maine DEP issues
permits for licensed discharges. These permits are conditioned to maintain the existing
water quality classification. The Maine DEP has issued discharge permits to blueberry
processors on the Narraguagus River, a municipal waste treatment facility in Machias, the
Maine Department of Inland Fisheries and Wildlife (IFW) Palermo Rearing Station
(Sheepscot River) and commercial salmon aquaculture hatcheries operated by Heritage
Salmon (Connors Brothers) located on the Pleasant River in Deblois (CLOSED) and on
Chase Mills Stream (tributary to East Machias River).

In 2001, the Signatories to the Maine Atlantic Salmon Cooperative Agreement (ASC,
NMES, FWS) asked the Maine TAC to assess whether water quality issues threaten the
recovery of the DPS. The Maine TAC (2002) concluded that sufficient evidence exists
that several water quality issues are affecting DPS Atlantic salmon populations in Maine.

I. Acidified water and aluminum
The Maine TAC Water Quality Committee concluded that acidification and endocrine
disruption are the most significant water quality threats to the DPS. The Services and the

NRC (2004) have concluded that water quality problems related to acidification pose a
high level threat to the survival and recovery of the DPS.
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Acidified Water and Acid Rain

The physiological effects of chronically low pH on freshwater life stages of Atlantic salmon
are well documented. Exposure to pH less than 4.5 causes rapid plasma ion loss and death,
apparently from circulatory collapse. Eggs are susceptible to delayed hatching when
exposed to low pH water since spring is a normal time for Maine salmon rivers to
experience episodes of low pH. Delayed hatch could put alevin behind with regard to
timing of emergence, food availability, and seasonal river temperatures and flow. Alevins
(sac-fry) are the most susceptible life stage. This transitional life stage experiences high
mortality even in healthy populations with high quality habitat. Chronic exposure to
depressed pH results in reduced feeding and growth of juvenile Atlantic salmon (Haya et al.
1985). Chronically low pH also results in altered behavior and gill damage (Jagoe and
Haines 1990). Perhaps the most severe effect of low pH is the disruption of osmoregulatory
ability, particularly after smolts enter seawater (Staurnes et al. 1993). Like alevins, the
smolt stage is a life cycle bottleneck for stocks of Atlantic salmon, even healthy stocks
experience high mortality during the transition to a marine environment. Low pH further
stresses smolting salmon during a critical physiological transition period.

Atlantic salmon populations cannot persist in chronically low pH environments. The
effects are most severe in river systems that have a low buffering capacity, such as the
granitic bedrock watersheds of Nova Scotia. By 1980, the mean annual pH in nine Nova
Scotia rivers that historically contained salmon populations had dropped below 4.7 and as a
result, the salmon were extirpated (Watt 1981). Large portions of the DPS river watersheds
share this poor buffering capacity and chronically low pH has been documented in streams
such as the West Branch Narraguagus River (Beland et al. 1994).

In addition to chronic low pH levels, recent research has shown that pulses of low pH can
impact some life stages of Atlantic salmon. Acidity in DPS rivers varies in predictable
geographic and seasonal patterns. Seasonally, the most significant pH depression occurs
during spring runoff when acidity stored in the snow pack is released into rivers and the
greater volume of water dilutes the river’s acid neutralizing capacity. This low pH pulse
occurs as smolts are beginning to migrate and are altering their physiology in preparation
for life in marine habitats and when alevins are preparing to emerge from the gravel as fry.
Pulses of low pH can also occur in response to stormwater runoff (Staurnes et al. 1993),
such as during fall rains that typically increase the flows in the DPS rivers.

Geographically, the DPS rivers that are located east of the Penobscot River have a lower pH
than those located west of the Penobscot (Haines 1981; Haines et al. 1990). This is due to
the granitic bedrock underlying much of eastern Maine and the low acid neutralizing
capacity of the overlying soils. Within a given river system, pH is typically lower in
headwater streams and at higher elevations (Schofield 1981). This is evident in the
Narraguagus River, where pH measurements from 1990 through 1993 in tributaries such as
Sinclair Brook were often below 5.0, while the main stem Narraguagus consistently
remained above 5.0 (Beland et al. 1994). West Kerwin Brook, a tributary of the Machias
River, also has lower pH relative to the main stem (Haines 1981).
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Regional trends indicate a move toward Northeast waters becoming more dilute (i.e.,
fewer dissolved solids) with very little bicarbonate acid neutralizing capacity. However,
there is currently no supporting data for the DPS rivers at this time (Steve Kahl, George
Mitchell Center, personal communication). Bicarbonate buffering will typically maintain
pH 6-7 in receiving waters, while the depletion of bicarbonates can lead to pH levels
below 5.0 in aquatic systems (Schofield 1981; Haines et al. 1990; Stoddard et al. 1999;
Norton et al. 1999). Previously, it was believed that over time acid rain depleted the
bicarbonate-based acid-neutralizing capacity of forest soils, shifting the buffering system
to other chemical reactions (Schofield 1981; Haines et al. 1990). More recent evidence
suggests that soil capacity to absorb sulfate and nitrate is the most important factor
controlling acidity of surface waters, along with cation exchange and mineral weathering
(Driscoll et al. 2001; Galloway 2001; Terry Haines, USGS, personal communication).

Exposure to acid rain has been responsible for the decline and extirpation of Atlantic
salmon populations from certain Norwegian and Canadian rivers (Watt 1981; Watt et al.
1983; Watt et al. 2000; Sandey and Langdker 2001). In Nova Scotia, chronically
depressed pH linked to anthropogenic sources, specifically airborne sulfates and nitrates
that originate largely from fossil fuel combustion, is the likely cause of salmon
mortalities (Terry Haines, USGS, personal communication). In Norway, however, the
mortalities are primarily caused by aluminum and occur at much higher pH levels, as
high as pH 5.8 to 6.2 as compared to the pH levels in Nova Scotia ranging from pH 4.2 to
4.7 (Terry Haines, USGS, personal communication).

Peat bogs are a common natural landscape feature in much of Maine, especially in the
Downeast region. Waters draining peat bogs typically have lower pH due to naturally
occurring organic acids produced in low oxygen environments associated with peat bogs.
Runoff from peat deposits (bogs) also depresses pH in DPS rivers. For example, in the
Pleasant River pH is lower downstream of the Great Heath relative to upstream
monitoring locations (Beland et al. 1994). This also occurs in the West Branch
Narraguagus River where pH was found to be lower downstream of Denbo Heath than
upstream of this peat bog (Beland et al. 1994).

Historically, runoff from peat mining operations may have exacerbated depressed pH in
rivers within the DPS (NMFS and FWS 1999). The only peat mining operation in the
DPS river watersheds is the Downeast Peat plant in Deblois, which is in the West Branch
of the Narraguagus River. Recent improvements in state and federal licensing programs
have greatly improved the water quality from drainage ditches in peat mining operations.
Ownership of the peat mining facility changed control in the early 1990s. With the
assistance of the DEP, the facility was brought into compliance with stormwater and
other water discharge standards. Analysis of upstream and downstream sites on the West
Branch and on McCoy Brook (a tributary to the main stem) have shown no difference in
water quality since monitoring began in 1994 (Mark Whiting, Maine DEP, personal
communication).

Current integrated crop management (ICM) programs for blueberries recommend that
soil pH be maintained at 4.5 for weed control (the desired range is pH 4.3 to 4.8). If the
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soil pH is not already low, Maine Cooperative Extension recommends the addition of
sulfur. If the soil is too acidic, growers are advised to use lime. Either of these practices
can affect surface water pH. Some tributaries (e.g., Big Springy Brook in the Machias
River drainage) have a springtime pH that is more acidic than rainfall (the mean pH of
rainfall over the last two years in Maine is 4.8). This suggests that soil acidity might also
have a role in governing pH in streams (Mark Whiting, Maine DEP, personal
communication). While the addition of sulfur to blueberry fields to lower soil pH is a
standard Cooperative Extension recommendation, reportedly neither Cherryfield Foods
or Jasper Wyman and Sons, Inc., the two largest wild blueberry growers in Downeast
Maine, engage in this practice (Fred Olday, Jasper Wyman & Son, personal
communication). It is not known whether, or to what extent, small growers apply this
practice.

Acidified Water and Aluminum

Laboratory and field studies demonstrate that low pH leaches aluminum and potentially
increases its toxicity to fish. Aluminum’s solubility increases exponentially as pH
declines below 7.0 (Haines 2001). The aqueous chemistry of aluminum is complex, the
most toxic species are collectively termed labile forms'®. Dissolved organic carbon
(DOC) readily binds with labile aluminum (as well as other metals) and these organic
carbon/aluminum complexes are not toxic.

Osmoregulatory failure seems to be the most significant impact of acidified water and
aluminum. This toxic effect is significant for developing alevins and migrating smolts,
life stages that are undergoing significant physiological transitions and already
experience high mortality. Conditions during this critical period of Atlantic salmon’s life
cycle directly affects adult return rates to the DPS rivers.

The toxic effects of aluminum have been well studied in Norwegian salmon rivers.
Salmon populations in twenty-four rivers were not affected by labile aluminum less than
8 ug/l, pH greater than 6.0 and at least 50 ueq/l of acid neutralizing capacity (Staurnes et
al. 1995). Varying degrees of impact were observed in twenty-six Norwegian streams
with intermediate pH (5.2 to 6.2), greater amounts of labile aluminum (10 to 60 ug/l), and
acid neutralizing capacity between 20 and 40 ueq/I (Staurnes et al. 1995). Salmon were
extirpated from twenty-two Norwegian rivers with pH less than 5.7, labile aluminum
levels in excess of 20 ug/l and acid neutralizing capacity less than 10 ueq/l (Staurnes et
al. 1995). Laboratory experiments using Norwegian salmon stocks showed that smolts
experienced osmoregulatory failure and 60 to 75% mortality when exposed to freshwater
conditions at pH 5 with 50ug labile aluminum and then subjected to a 24-hour seawater
challenge (Staurnes et al. 1993; Rosseland et al. 2001; Kroglund et al. 2001).

In contrast to the Norwegian salmon studies, North American studies have shown smolts
to be more tolerant of low pH and elevated aluminum. Pauwels (1990) recorded a
significant reduction of plasma chloride concentration but no mortality of smolts exposed

14 These include AIOH™, AIOH*", AIF™, AIF*" and AI""" (hereafter referred to as labile aluminum).
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for eleven days to pH 4.6-5.5 with 20-84ug labile aluminum. About 4% mortality
occurred on the thirteenth day with no additional mortality occurring until the twenty-first
day. However, these fish were never challenged with seawater. Magee et al. (2001)
documented altered behavior of migrating salmon smolts after exposure to constant low
pH and elevated aluminum. This may affect smolt survival. Magee et al. (2001) also
documented, during the same study that the migratory behavior of salmon smolts in the
Narraguagus River was similar to that of hatchery smolts exposed to acidified water in
the study. Magee et al. (2001) found no mortality occurred after a fourteen-day exposure
to stream water with pH declining from 6.0 to 5.1 and a short (<24 hr) acidic pulse to pH
4.5. In a separate study, there was substantial mortality when smolts, exposed to both a
constant low pH and pulsed exposure, were then placed in seawater (Magee 1999; Magee
etal. 2003). Saunders et al. (1983) reported ionoregulatory disruption within four weeks
but only 24% mortality after ten weeks at pH 4.2-4.7. Farmer et al. (1989) reported that
pH 5.0 elicited no significant reduction in plasma osmolality, hematocrit, chloride
concentration, branchial Na+/K+ ATPase activity, or mortality during a 112-day period
in spring. In contrast, fry growth was reduced and mortality increased when pH was
decreased to 5.5 with aluminum causing little increase in mortality above acid addition
alone (Haines et al. 1990).

The mean pH of precipitation falling in Maine is about 4.8 and large amounts of
aluminum are mobilized from Maine soils to the aquatic environments of DPS rivers.
The synergistic effect of aluminum toxicity exacerbates the stress from acidity (Kroglund
et al. 2001). DPS river watersheds located east of Penobscot Bay are dilute with very
little acid-neutralizing capacity and low pH, which mobilizes toxic aluminum. The pH
depression that accompanies spring runoff may exacerbate this toxic effect.

Increased gill sodium/potassium ATPase activity is associated with smoltification and
recent research has demonstrated that smolts in DPS rivers have unusually low levels of
sodium/potassium ATPase activity relative to Maine hatchery smolts and smolts from
several New Brunswick and Newfoundland rivers (McCormick et al. 2002). This is an
area that requires additional study (see page 4-25), but it may indicate that conditions in
the DPS rivers produce smolts that are poorly equipped for the marine environment.
These impacts are associated with the extirpation of salmon from many Norwegian
rivers. The relatively high levels of DOC in some of the DPS rivers may mitigate the
toxic effects of labile aluminum and acidity. More study is needed on the synergistic
effect of these water chemistry parameters, particularly the seasonal variation and
influence of precipitation.

ii. Pesticides, other contaminants and endocrine disruption
Pesticides
Pesticides include insecticides, fungicides and herbicides. Of these, insecticides are
generally the most toxic to Atlantic salmon, followed by fungicides and herbicides

(Maine TAC 2002). Improper applications of pesticides may introduce pesticides into
DPS rivers and tributary streams. Potential sources of pesticide to Maine rivers and
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surface waters include low bush blueberry applications, forestry, roadside and powerline
applications, municipal sewage, industrial and waste discharges, and possibly
atmospheric deposition (Maine TAC 2002).

The effects of pesticide exposure to Atlantic salmon have not been fully investigated.
Pesticide effects on salmonids may range from acute (i.e., lethal), to chronic (i.e.,
sublethal). Effects on aquatic life depend primarily on the concentration and duration of
exposure. Specific effects of pesticides on Atlantic salmon are influenced by factors such
as concentration, toxicity, water quality (e.g., pH, temperature, conductivity, alkalinity),
and stream flow velocity. Salmonid LC50's (lethal concentration to 50% of the
individuals in a given time) are known for most of the pesticides used in Maine
agriculture (Maine TAC 2002). The effects of mixtures of pesticides upon fish have not
been adequately studied (see page 4-25). All available data show that pesticides occur in
the DPS rivers at concentrations that are several orders of magnitude less than published
thresholds for acute toxicity (Maine TAC 2002).

The effects of chronic or sublethal pesticide exposure to sensitive life stages of Atlantic
salmon such as fry emergence and smoltification are not well understood. Sublethal
concentrations of pesticides may impair behavior or physiological functions in fish (Trial
1986, Scholz et al. 2000, Waring and Moore 2004). Moore and Waring (1996, 2001)
documented the effect of several pesticides on Atlantic salmon olfactory capabilities.

The Maine Board of Pesticides Control (Maine BPC) has conducted most of the recent
environmental monitoring of pesticides used on blueberry fields. In 1987, the Maine
BPC conducted a drift study during an azinphos-methyl (brand or trade name: Guthion)
aerial application. During the sprays, approximately 3% of the spray was estimated to
have been deposited off-target (Jennings 1987). Most of the residues were close to the
spray area and concentrations decreased with distance from the blueberry fields. Very
small amounts of drift were found as far as 400 feet from the spray site (the farthest point
were monitoring cards were located).

From 1991 to 1994, the Maine ASC and Maine BPC sampled and analyzed surface water
from the Narraguagus, Pleasant, and Machias river drainages for pesticide residues.
Samples were screened for all pesticides used in blueberry fields. Only hexazinone
(Velpar) was routinely identified in the Narraguagus and Pleasant rivers, where it was
found throughout the year (Magee 2001). No other pesticides in the analytical suite were
detected. DDT and DDE were found in some samples in the Narraguagus River ranging
from 12-314 ppb and 12-39 ppb, respectively (Magee 2001). In recent years, other
pesticides have been detected in surface water from Washington County rivers including
terbacil (Sinbar; Chizmas 2000), phosmet (Imidan; Chizmas 2001), triforine (Beland et
al. 1995), azinphos-methyl (Guthion; Magee 2001), and benomyl (Benlate; Magee 2001).

In 1997, the Maine BPC began a survey of seven of the then official salmon rivers. Of 33
different pesticides tested in surface water samples, only hexazinone was detected in the
rivers. Hexazinone was found in 19 of the 64 samples taken, and was only found in the
Narraguagus, Pleasant, and Machias Rivers. Concentrations in these three rivers ranged
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from 0.1-1.7 ppb (Chizmas 1999). In 1999, another study of drift during aerial pesticide
applications was conducted by the Maine BPC. Hexazinone (max. concentration 3.8
ppb) was found in 11 of 13 samples taken from the Narraguagus and Pleasant Rivers.
Terbacil (Sinbar) was also detected at 0.148 ppb.

In the 2000 field season, the Maine BPC continued their investigation of pesticide drift.
Both hexazinone and phosmet were found in off-target areas on drift cards. Water
samples were also analyzed in the study. Hexazinone was found in most water samples
taken near blueberry barrens. Phosmet was found in three agricultural ponds that are
tributaries to the Narraguagus and Pleasant River. The ponds are located immediately
adjacent to blueberry fields and are used seasonally as sources of irrigation water. The
ponds overflow in the spring, but not in the summer. Phosmet concentrations in pond
surface water ranged from 0.08-0.52 ppb (Chizmas 2001).

In 2001, pesticide drift during spray operations was examined by the Maine BPC at three
locations on the Narraguagus River and four locations on the Pleasant River (Chizmas
2002). In addition to drift cards, an automated water sampler (Iscos ®) was used to
collect a time-series of surface water samples during spray events. Drift during
propiconazole and phosmet applications was detected on filter cards, but not in water
samples on the Narraguagus River. In the Pleasant River, chlorothalonil (0.103 - 0.79
ppb) and phosmet (0.155 - 3.76 ppb) were detected in water samples and drift cards.
Hexazinone was detected in water samples at two Narraguagus River locations (0.084 -
1.22 ppb) and at three Pleasant River locations (0.41 - 2.45 ppb).

The Maine BPC continued its drift studies associated with spray applications in 2003 and
placed an automated water sampler and drift cards at eight locations on the Narrraguagus
(n=2) and Pleasant Rivers (n=6). Phosmet was found on drift cards at one location on the
Narraguagus River, and in water (0.28 - 1.95 ppb) and on drift cards from Montegail
Pond, a waterbody that discharges to the Pleasant River. Pesticide drift was detected
1,500 feet from one of the spray sites (Jackson 2003).

As noted, hexazinone has been detected at numerous sites in trace amounts in the
Narraguagus, Pleasant and Machias rivers (Beland et al. 1995; Chizmas 1999; Chizmas
2000, Chizmas 2002, Maine TAC 2002). The pervasive presence of hexazinone in
surface water sampled at low flow periods suggests that the material is entering the river
through groundwater flow rather than storm runoff (Beland et al. 1993). Although
hexazinone has been detected in surface water samples in the range of 4-9 ppb,
concentrations are typically less than 1 ppb. Some groundwater (e.g., wells) samples
have hexazinone levels approaching 30 ppb. Groundwater does not appear to be an
important pathway for other pesticides that have been reported in DPS rivers (Maine
TAC 2002).

Monitoring the presence of pesticides in aquatic habitats is complicated by the fact that
several compounds (e.g., organophosphate pesticides), are very short-lived in the
environment or are not very water-soluble (hexazinone is an exception) and are thus
difficult to detect in water or fish tissue. Pesticides can adsorb to soils and be transported
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to watercourses during storm events. Sediment analyses are one possible means to detect
pesticide residues. However, recent analyses of sediments collected above and below
areas of blueberry cultivation in the Narraguagus River did not detect any pesticide
residues (Spaulding 2005). Pesticide concentrations in sediments of the other DPS rivers
have not been determined.

Wild Blueberry Production and Pesticide Use

Wild blueberry production is the primary agricultural land use in the Downeast DPS
watersheds. Approximately 60,000 acres of blueberry land is currently in production
(only half of which is actually harvested any given year). Approximately 60-70% of this
acreage is located in Washington County (Maine TAC 2002). As noted above, there are
a number of pesticides used by wild blueberry growers in Maine (brand or trade names in
parentheses). Insecticides include azinophos-methyl (Guthion, Sniper 2E), carbaryl
(Sevin), diazinon, malathion (Cythion), methoxychlor (Marlate) phosmet (Imidan), and
Bacillus thuringiensis (BT)(Javeline, Biobit - BT is a bacterium). Herbicides include
fluazifo-p butyl (Fusilade), glyphosate (Roundup), hexazinone (Velpar), sethoxydim
(Poast), terbacil (Sinbar) and 2,4-D ester. Fungicides include propiconazole (Orbit),
chlorothalonil (Bravo), benomyl (Benlate), captan and captec (Captan) and triflorine
(Funginex) (MASCP 1997).

Most of these chemicals have not been routinely detected in historical water samples
from the DPS rivers with the exception of hexazinone. DDT (banned since 1972 but its
metabolites persist in the environment), phosmet, guthion, propiconazole and
chlorothalonil have been detected intermittently at low concentrations. Increased joint
monitoring by Maine DEP, Maine BPC, and other agencies is needed to accurately detect
levels of pesticides in DPS river watersheds and to determine transport mechanisms, fate
and toxicity (see page 4-26).

As noted, hexazinone has been detected at numerous sites in trace amounts in the
Narraguagus, Pleasant and Machias rivers (Beland et al. 1995; Chizmas 1999; Chizmas
2000, Chizmas 2002, Maine TAC 2002). Pesticide applications occur from May through
June, but hexazinone has been detected in water samples year-round.

Forestry and Pesticide Use

Forest is the dominant cover type and commercial forestry is a major land use bordering
most of the Downeast salmon rivers. Along the Pleasant River and Narraguagus River,
forested areas are interspersed with tracts of blueberry barrens. Historically, pesticides
have been used in commercial forestry to control insect outbreaks such as the spruce
budworm. Currently, biological agents (e.g., Bacillus thuringiensis also referred to as Bt)
are used to control outbreaks of defoliating insects. These agents are specific to target
organisms (e.g., moth larvae). Herbicides are occasionally used to control post-harvest
hardwood growth, promote softwood regeneration, and to prepare sites for planting'.

1 Triclopyr (Garlon) and glyphosate (Accord) may be sprayed. Generally, sprays are used on one

site for no more than a year or two, no more than one spray a year. Since the harvest frequency is
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During herbicide applications, there is the potential for these chemical compounds to
enter streams through runoff and drift. Best management practices (BMPs) are
recommended to minimize herbicide use (MFS 2004). Statewide, use of forestry
herbicides has been declining in recent years as land ownership patterns change and
different methods of forest management are applied. While no broad-scale insect control
efforts are currently occurring in the managed forests within the DPS watersheds, insect
and disease outbreaks in the future could trigger a response with a pesticide component.

Road Maintenance and Pesticide Use

The maintenance of road rights-of-way in Maine includes herbicide spraying for brush
control. In the past few years, sprays have not been used in Washington and Hancock
Counties (Maine Department of Transportation, Division 2) due to concerns about the
health of Atlantic salmon (Maine TAC 2002).

Outside of Maine DOT Division 2, a 50/50 mix of triclopyr (Garlon) and tricamba
(Vanquish) are used in most roadside spray applications. No-spray buffers of 100 feet
are maintained along the Sheepscot and Ducktrap Rivers and Cove Brook, and within 50
feet of other surface waters. Herbicide sprays are not applied during spring, on standing
water or bedrock. All road maintenance crews receive training in Maine DOT’s spray
protocols. Due to the relatively low toxicity of herbicides and the low application rate,
roadside maintenance is not thought to represent a threat to the health of Atlantic salmon
(Maine TAC 2002).

Existing Regulatory Measures and Best Management Practices

The application, storage and disposal of pesticides in the state are regulated by the Maine
BPC. The Maine BPC has the authority to designate areas where pesticide use is
restricted to protect health, welfare and environment. Through the Maine BPC, farmers
are encouraged to adopt integrated crop management practices including integrated pest
management to minimize pesticide usage. These integrated management practices have
reduced the rates and frequency of agricultural chemical applications. The use of
hexazinone, for example, in recent years is about one third of historic application rates
(Maine TAC 2002). In addition, Maine has developed a State Management Plan for
Pesticides and Groundwater, a strategy for Managing Nonpoint Source Pollution from
Agricultural Sources, Best Management System Guidelines and a Coast Nonpoint Source
Control Program. These water quality programs address potential pollution associated
with pesticides, sediments, nutrients, manure, grazing management and wastewater from
confined animal facilities.

The Maine Cooperative Extension Service (2002, 2004) has developed fact sheets
outlining best management practices for wild blueberry production and to minimize off-
target deposition of pesticide applications. Fact Sheet 251 describes best management
practices including proper monitoring, identification of pests, and choice of the least toxic

about 35-40 years for pulpwood and 80 years for saw logs, the spray frequency is no more than
twice in that period.
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effective material to control when warranted. Fact Sheet 303 describes methods for
reducing pesticide drift during ground and aerial applications and avoidance of sensitive
areas including fish-bearing waters. Integrated pest management (IPM) and integrated
crop management (ICM) principles are taught to growers and scouts by the Cooperative
Extension Service at three ICM field sessions and at spring grower meetings. In addition,
planted or natural vegetation buffers, especially buffers comprised of evergreen species,
are highly recommended whenever there are sensitive nearby surface waters.

Other Contaminants

Besides the pesticides listed above, Atlantic salmon may be affected by suites of other
environmental contaminants including organochlorine compounds (e.g., DDT and its
metabolites, polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins, and
polychlorinated dibenzofurans), trace elements (e.g., mercury), and other chlorines (e.g.,
calcium hypochlorite).

Organchlorine compounds

The class of chemical compounds known as organochlorines (or chlorinated organics) is
composed of hundreds of chemicals, many of which are structurally complex, and all of
which have at least one chlorine atom and one “benzene ring” (C6H6). Many
organochlorines of industrial origin have yet to be fully identified or chemically
speciated. The most widely recognized and studied contaminant groups within this class
are dioxins, furans, and polychlorinated biphenyls (Maine TAC 2002).

A variety of natural processes, such as forest fires, can generate small amounts of a few
of these compounds (e.g., dioxins) that can end up in surface waters. Surface waters may
also receive dioxins and dioxin-like compounds through atmospheric deposition and trace
discharges from municipal sewage treatment plants (Maine TAC 2002). Within Maine
DPS rivers, the source of these compounds include landfill and hazardous waste disposal
sites (e.g., the Eastern Surplus Superfund site on the Dennys River).

Dioxins, furans, and PCBs can impart sublethal and lethal physiological effects to
exposed fish in at least three ways: (1) through direct/acute toxicity to the exposed
organism; (2) through chronic bioaccumulation in fatty tissue; (3) through maternal
transfer to eggs of exposed gravid females (Maine TAC 2002). Documented effects of
exposure by one or more of these routes, in studies using several species of salmonids,
include visual/motor function (Carvalho and Tillitt 2004), reduced adult and fry survival
(Giesy et al. 2002), total length and cranial length (Carvalho et al. 2004), general
physiological and endocrine dysfunction, decreased egg viability, and fry survival
(Walker and Peterson 1994; Zabel et al. 1995), abnormal gene expression, genetic
fragmentation (genotoxicity), and, in extreme cases, direct mortality (Sijm and
Opperhuizen 1996). Notably, few studies have involved anadromous Atlantic salmon.

Results in one relevant study involving Atlantic salmon from two Massachusetts rivers
(Rees et al. 2003) indicate that parr with PCB burdens exhibited amplified expression in a
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widely used biomarker (cytochrome P4501A or CYP1A). This amplified expression
was expressed by two orders of magnitude (i.e., 100 fold) or more in gill tissue using a
more sensitive technique to detect induction (i.e., quantitative reverse transcription
polymerase chain reaction - RT-PCR; Rees et al. 2003). Although this work was not
intended to determine the ultimate effects of amplified expression on the affected
organism, such investigation would represent the next logical step. NOAA Fisheries
initiated a similar study in 2003 using the same biomarker in gill tissue with parr from the
Dennys River (a PCB affected river) and Cathance Stream (an unimpacted tributary).

The results were less conclusive than the Massachusetts study, in part because of small
sample sizes at the two Maine sites.

Individual organochlorine compounds, and even isomers of the same compound, appear
to have substantially different toxicities to aquatic life and humans. Generally, the total
contaminant burden present in an exposed organism’s tissue is calculated and expressed
as a weighted sum, termed the “Toxicity Equivalent Quotient” (TEQ). The TEQ value is
derived by adding the concentrations of congeners of the compounds adjusted by a toxic
equivalency factor relative to the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (Van
den Berg et al. 1998). This method is only used for dioxin-like compounds (e.g., dioxins,
furans, and several PCB congeners).

Organochlorines have a tendency toward high environmental persistence, warranting an
examination of historical legacies (e.g. sediment repositories) as well as direct discharges,
when assessing potential impacts to aquatic life migrating through contaminated water or
inhabiting contaminated habitats or substrates (Maine TAC 2002).

Trace Elements

Trace elements, such as mercury and cadmium, have been detected in sediments and
resident fish tissue (e.g., white suckers) in the DPS rivers. These contaminants are taken
up by fish through diet or water. Chronic dietary exposure to elevated levels of mercury
causes pathological injuries to Atlantic salmon parr including oxidative stress and brain
lesions (Berntssen et al. 2003). In other fish species, mercury exposure affected predator
avoidance (Webber and Haines 2003).

Chlorines

The effects of chlorine compounds on salmon olfactory senses and homing behavior is
currently unknown and should be studied (Maine TAC 2002). While the potential effects
of chlorine compounds on Atlantic salmon are unknown, the density of overboard
discharges (OBD)'® in Cherryfield on the Narraguagus River, is a matter of concern to
salmon recovery efforts in this watershed (Maine TAC 2002). OBDs use chlorine tablets
(calcium hypochlorite) in the chlorinator unit. There are thirty-seven OBD units in

16 An overboard discharge (OBD) is an alternative wastewater treatment system for sites where

municipal sewer connection is not possible and where a traditional septic system is not feasible.
The simplest kind of overboard discharge (OBD) is a holding tank with a chlorinator for the
overflow pipe (Maine TAC 2002).
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Cherryfield. OBDs in rivers other than the Narraguagus should also be assessed to
determine the extent and level of threat to the DPS rivers.

Since 1987, the construction of new OBDs has been prohibited in Maine. In 1990, the
Maine OBD program was initiated by the State legislature (38 MRSA Section 411-A) to
help fund replacement systems that would eliminate OBDs in certain areas. Currently,
the focus of the replacement program is in shellfish areas that would be open to
shellfishing if the OBDs were removed. Maine DEP is responsible for annually
inspecting all OBD systems and generating a priority list for replacement. In addition to
the Maine DEP, the Farmers Home Administration and the Maine State Housing
Authority can provide grants or low interest loans to towns or community groups for
replacement of OBDs. This program to replace OBDs with less environmentally harmful
wastewater treatment systems should be continued (see page 4-24).

Endocrine Disruption

Endocrine disrupting chemicals are substances that disrupt sex hormone systems in
animals. The effects can occur in many life stages, and are often delayed in expression.
A large number of chemical compounds have been found to have endocrine disrupting
activity, including herbicides (2,4-D, atrazine), fungicides (benomyl, zineb), insecticides
(DDT, methoxychlor, synthetic pyrethoids), industrial chemicals (dioxin, PCB,
nonylphenols, phthalates), and trace metals (cadmium, lead, mercury).

The Maine TAC (2002) concluded that there are not sufficient water quality data to
determine the extent of exposure of Atlantic salmon to endocrine disrupting chemicals in
the DPS rivers. Moreover, existing data are not sufficient research to ascertain the
potential effects of endocrine disruptors on salmon restoration (Maine TAC 2002). The
available weight-of-evidence, however, indicates that endocrine disrupting environmental
contaminants may be an important factor in Atlantic salmon restoration (Maine TAC
2002).

Endocrine disruptors are believed to affect smoltification in Atlantic salmon by
disrupting hormone systems that facilitate the physiological processes necessary for
seawater adaptation (Fairchild et al. 1999). In New Brunswick, Fairchild et al. (1999)
documented a decline in returning adult Atlantic salmon in areas where the insecticide
Matacil 1.8D had been sprayed to control an outbreak of spruce budworm'’ during the
time of smolt out-migration. The particular pesticide used was not an endocrine
disrupting compound, but the formulation included a known endocrine disruptor (4-
nonylphenol) as an emulsifying agent. Exposure to 4-nonylphenol induced vitellogenin
(an egg yolk protein) in Atlantic salmon smolts in the same manner as exposure to 17 -
estradiol (Sherry et al. 2001). Moore and Lower (2001) showed that exposure to atrazine
(a triazine herbicide) and pentabromodiphenyl ether (a brominated fire retardant) reduced
gill Na+/K+ ATPase activity, caused osmoregulatory disruption and elevated cortisol

17 Spruce budworm outbreaks are cyclical over 40-80 year periods and are not expected in the next
10-20 years
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levels, reduced survival in sea water, and reduced migratory activity. These are the same
effects reported by Magee et al. (2001) for Narraguagus River smolts.

The E-SCREEN bioassay (Soto et al. 1995) has been used to demonstrate that several
pesticide active ingredients used in blueberry operations exhibited estrogenic activity of
50 to 75% of 17 estradiol, and several commercial formulations had activities of 25% or
greater (Van Beneden and Morrill 2002, Haines and Van Beneden 2003). Among these
pesticides, 2,4-D, propiconazole, methoyclor, phosmet, and hexazinone exhibited the
activity of a xenoestrogen (a foreign substance that may act like estrogen).

In a recent study at the University of Maine, endocrine disruption was not exhibited in
Atlantic salmon pre-smolts exposed to several pesticides (Spaulding 2005). Pre-smolts
were exposed to mixtures of hexazinone, propiconazole, 2,4-D, terbacil, and phosmet in
five weekly, 24-hour tests. The exposures did not affect smoltification, mortality
following saltwater challenge tests, body length or weight, hematocrit levels, or plasma
steroid concentrations.

Both nonylphenol and diethylhexyl phthalate, demonstrated endocrine disruptors, are on
the U.S. Environmental Protection Agency List 1 inert ingredients and are incorporated
into a large number of agricultural and industrial chemicals. These substances are
commonly found in municipal sewage. Studies to determine the possible presence of
these compounds have not been conducted in the DPS rivers.

Endocrine disrupting organochlorine compounds have been detected in Maine Atlantic
salmon rivers including dioxin, PCBs, and DDT metabolites (all fish tissue values
following expressed in wet weight). In the Pleasant River, DDT metabolites (8.1 - 11.2
ppb) and PCBs (5.3 - 8.6 ppb) have been found in brook trout and white suckers (Maine
Department of Environmental Protection 1999). DDE (3 - 5 ppb) has been detected in
white suckers from the Narraguagus River, Pleasant River, and Cove Brook (USFWS
2005 unpublished data). PCBs have been found in smallmouth bass (91 - 168 ppb), white
suckers (52 - 54 ppb), and sediments from the Dennys River, downstream from the
Eastern Surplus Superfund Site (Mierzykowski and Carr 1998, EPA 2005 unpublished
data) and in smallmouth bass (23 ppb) and white suckers (12 ppb) from the East Machias
River (Mierzykowski and Carr 1998).

ii. Sedimentation

The Services have concluded that sedimentation poses a high level threat to the recovery
of the DPS. Sedimentation from a variety of sources may be altering habitat and
rendering it incapable of supporting Atlantic salmon (65 FR 69459). Sedimentation may
be affecting the quality of habitat in rivers and streams within the DPS including
substrate embeddedness, diminished habitat complexity and stream channel alteration.

Sources of sedimentation within DPS rivers include natural stream bank erosion, poorly

maintained roads, improperly constructed culverts, unstable bridge abutments, improper
road ditching, road construction and maintenance, poor agricultural practices, stream
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crossings, recreational all terrain vehicles (ATVs), timber harvest activities not conducted
in accordance with BMPs, dredging, and salt and sand from winter road maintenance.
Excessive removal of riparian vegetation can accelerate erosion and sedimentation and
contribute to thermal loading. Upland and wetland vegetation help prevent NPS
pollutants from entering streams.

Sediment can impact salmon habitat in a number of ways. Excessive sedimentation can
result in direct mortality to early life stages of Atlantic salmon (i.e., eggs and fry) due to
smothering (Shaw and Maga 1943; Shelton 1955; Hall and Lantz 1969; Platts et al. 1979;
Bjornn and Reiser 1991). McCrimmon (1954) compared several factors (sediment
temperature and food) affecting stocked Atlantic salmon fry. He concluded that
sedimentation had the most significant deleterious effect on the survival of fry.

Sediment changes the physical structure of a river’s substrate, a critical factor in salmon
survival. Excess sedimentation can fill pools, resulting in decreased depths and total
area, thus reducing the amount of habitat available for juveniles and adults during the
summer and winter months (Cordone and Kelley 1961). Excess sedimentation in pools
has been cited as a reason for numerous salmonid populations declines (Saunders and
Smith 1965; Peters 1967; Elwood and Waters 1969; Barton 1977).

Sedimentation can adversely affect benthic macroinvertebrate populations (Bjornn et al.
1974, 1977 and McClelland and Brusven 1980). The affected organisms consist mainly
of insect orders that are generally the forms most readily available to foraging fish
(Waters 1995). Substrate embeddedness and decreased interstitial space can decrease
macroinvertebrate production resulting in reduced food supply (Atkinson and Mackey
2005). Reduced food supply may further cause fish to defend larger territories,
decreasing the density of fish. Increased substrate embeddedness can result in decreased
habitat complexity, reducing visual isolation among individual fish, creating larger
territories and lower densities of fish (Atkinson and Mackey 2005).

Sedimentation can result in increased substrate embeddedness (the measure of the extent
a rock particle is buried, or embedded in the substrate). Substrate embeddedness can
result in a number of changes to habitat that may adversely affect Atlantic salmon.
Substrate embeddedness may reduce over-winter sheltering habitat. Bjornn et al. (1974,
1977) found that embedding cobble substrates in sediment reduced the amount of habitat
available for juvenile salmonids (salmon and trout) affecting their density and
distribution. Increased embeddedness may block juvenile salmon from seeking shelter
beneath substrates during cold temperatures and lower overwinter survival rates
(Atkinson and Mackey 2005). The loss of shelter in interstitial gravel and cobble spaces
can result in increased predation (Cordone and Kelley 1961; Bjornn et al. 1974).

Estimates of embeddedness can be used to assess habitat degradation or identify stream
reaches that may benefit from habitat restoration (Atkinson and Mackey 2005). A less
embedded streambed has a lower proportion of fine sediments than a more embedded
one. Embeddedness can be used to assess the impact of non-point source pollution
sources such as erosion at road crossings (Atkinson and Mackey 2005). Estimates of
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embeddedness are useful in evaluating habitat quality, i.e. available living spaces, for
juvenile salmonids, and may provide a measure of habitat quality for salmon rearing and
spawning, and for benthic macroinvertebrates.

While there have been a number of NPS surveys conducted on DPS rivers (see below),
the full extent of sedimentation and embeddedness is not well documented. In 2004, the
ASC surveyed at a number of sites on the Narraguagus River to determine cobble
embeddedness levels. The goal of the survey was to assess changes in substrate
embeddedness since a previous survey of embeddedness conducted on the Narraguagus
in 1993. Preliminary analysis indicates that embeddedness levels may have decreased
over the eleven year period (Atkinson and Mackey 2005). The ASC also assessed the
interstitial space index (ISI)'® of substrate at the sites sampled. While the preliminary
results suggest an improvement in overall embeddedness levels, ISI seems to be reduced
from 1993 to 2004. The reason for this decline is not apparent. Additional analyses will
be required to better understand these findings (Atkinson and Mackey 2005).

The ASC also conducted substrate embeddedness surveys on a number of sites on the
Dennys River. The surveys were conducted to estimate substrate embeddedness levels in
the drainage and examine the relationship between embeddedness and juvenile Atlantic
salmon densities (parr) (Atkinson and Mackey 2005). An additional goal was to
determine, if possible, a threshold at which high levels of embeddedness significantly
affect parr densities (Atkinson and Mackey 2005). Atkinson and Mackey (2005) found
indications that young of the year (YOY) salmon densities were inversely related to
embeddedness levels (Atkinson and Mackey 2005).

The ASC has begun studies to estimate permeability in spawning areas on Downeast
Rivers in order to try to relate salmon survival to permeability (Sheller 2005). As noted
above (see also, page 1-23), substrate permeability is reduced when fine sediments are
deposited in streambeds. Available studies suggest that substrate permeability has a
significant affect on survival to emergence of salmon (McKenzie 1985; Gustafson-
Marjanen 1982).

Field evidence suggests that elevated levels of sediment have compromised spawning
habitat along certain reaches in several DPS rivers (65 FR 69459). Local organizations
have conducted NPS surveys on DPS rivers identifying numerous NPS sites. The
majority of the sites are related to erosion resulting in sedimentation problems. These
efforts have identified 800 NPS sites on the five Downeast Rivers and over 400 NPS sites
on the Sheepscot River (Steve Koenig, Project SHARE, personal communication, see
also DRWC NPS inventory, NRWC NPS inventory).

On the Dennys River, NPS surveys, conducted between 1999 and 2003, have
documented 69 NPS sites, 84% of which are associated with unpaved roads (logging,

18 ISI is an index of the three dimensional interstitial space available for salmonids and other

organisms. Atlantic salmon juveniles use the interstitial spaces for shelter from fast moving
currents and to find thermal refuge, particularly during winter months.

1-42



blueberry-access, town, county, or residential/private)'. The problems on these roads
include faulty culverts, poor ditching, road runoff and unstable shoulders (DRWC 2005).
On the Narraguagus River, a total of seven NPS surveys have been conducted since 1999,
approximately 75% of the watershed has been surveyed to date. These surveys
documented over 175 NPS sites (NRWC 2003). Approximately 50% of these sites have
either been fully repaired or are in the process of completion (NRWC 2003). The NWRC
(2003) identifies several potential sources of sedimentation in the Narraguagus River
watershed. These include: ATV use, poorly maintained roads (e.g., logging roads, state
and municipal roads, private roads, blueberry roads)* and timber harvesting practices
(NRWC 2003).

On the Sheepscot River, large sections of the river turn cloudy in the spring and fall;
turbidity can last for four to six weeks during the spring freshet. This watershed has the
highest density of year-round roads in DPS river watersheds (Maine TAC 2002).

There are no documented NPS sites associated with timber harvesting in either the
Dennys or Narraguagus river watersheds (NRWC 2003; DRWC 2005). One recent
incident, however, highlights the potential for activities related to timber harvesting to
result in NPS pollution when not conducted in accordance with BMPs. In June 2004, an
evaluation of a logging operation in Dennysville found a sediment plume covering 50%
of the width of the Dennys River (DRWC 2005). The sediment discharge was the result
of a skidder®' crossing an intermittent stream in a very wet area with silt/loam/clay soils.
The event appears to have been caused by failure to employ recommended BMPs during
the harvest activity (DRWC 2005).

Cooperative efforts among landowners and watershed councils have identified and
remedied chronic NPS sites where sedimentation of streams was a concern. Regulatory
authority over water quality issues related to forestry currently resides with the Maine
Department of Environmental Protection (DEP). In 2006, MFS will assume this
authority upon implementation of statewide water quality standards, anticipated in 2006.
In the interim, MFS continues to make statewide routine harvest inspections. MFS also
continues to work collaboratively with DEP and LURC through existing MOUSs that
provides MFS authority for early intervention and correction of water quality problems.
Significant water quality issues are resolved through DEP and LURC regulatory process
with assistance from MFS. In addition, landowners filing a Forest Operations
Notification (FONs) within municipal boundaries that contain a DPS salmon watershed
receive a notification letter alerting them to potential critical salmon habitat and an offer
of assistance from MFS. Recent revisions to this letter now include distribution to
stakeholders such as the Atlantic Salmon Commission.

19 The Narraguagus River Watershed Council (NRWC) and the Dennys River Watershed Council

(DRWC), in cooperation with Project SHARE, have developed NPS management plans for the
Narraguagus and Dennys rivers.

20 The problems on these roads include faulty culverts, poor ditching, road runoff, sand/salt buildup,

and unstable shoulders.

2 Skidders are used to move logs from the woods to the landing
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iv. Excess Nutrients

Excessive nutrient enrichment of a river can increase growth of aquatic vegetation and
may reduce the carrying capacity for Atlantic salmon. Increased respiration and
decomposition of plants may cause dissolved oxygen to fall below levels optimal for
Atlantic salmon. Increased algae in the water column can decrease visibility for sight
feeding salmon.

Excess nutrients can enter a river either in surface runoff or groundwater. Sources of
excess nutrients include agricultural facilities, sewage treatment plants, failing septic
systems, manufacturing or processing plants and hatcheries. Increased nutrients from
improper manure storage and manure spreading can significantly impact water quality
making habitats less suitable for the spawning, rearing and migration of Atlantic salmon.
As long as manure spreading is done in accordance with existing state regulations and
with proper oversight, there is minimal potential for deleterious water quality effects
(Maine TAC 2002). Passage of the Nutrient Management Act with the requirement for
nutrient management plans and funding for the construction of manure storages has
helped reduce the potential for deleterious water quality effects (MDAFRR personal
observations).

The available water quality data for DPS rivers indicate that excess nutrients are not a
problem, except for in the Sheepscot River. The relative contribution of agricultural uses
versus suburban development and runoff is not known (Mark Whiting, Maine
Department of Environmental Protection (DEP), personal communication 2001).

V. Elevated Water Temperature

The Services have concluded that elevated water temperature poses a medium level threat
to the recovery of the DPS. Maine rivers lie near the southern extent of the Atlantic
salmon’s range in North America, and are vulnerable to elevated water temperature
regimes (Maine TAC 2002). Factors that may contribute to elevated water temperatures
include improper or unregulated land use practices, impoundment of free-flowing
reaches, discharge of industrial processing or cooling water, low flows that increase net
insolation (exposure to sun) and broad climatic changes (Maine TAC 2002). Water
temperature may be an important factor limiting Atlantic salmon rearing habitat in Maine
rivers (Maine TAC 2002). Water temperature may be important alone or in combination
with other factors (Maine TAC 2002). The Maine TAC (2002) concluded that there was
insufficient information to determine the effect that increased water temperature, from
land-use factors, impoundments, industrial cooling water and global climate change may
have on Atlantic salmon recovery efforts.

The temperature requirements of the various salmon life stages are well understood.
Table 1. summarizes published optimal temperature ranges along with maximum and
minimum thermal tolerance criteria. Relatively minor increases in water temperature
may cause lethal or sub-lethal physiological effects for adult and juvenile salmon (Maine
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TAC 2002). Juvenile salmon can survive for several days at temperatures of 26-27°C
(Garside 1973; Elliott 1991). However, adult salmon mortalities have often been
observed at temperatures of 26-27°C.

Table 1 - Atlantic salmon temperature (°C) requirements for freshwater life stages. Data are from published
studies on Atlantic salmon, including experimental data and in situ measurements over the range of the species
(North America and Europe).

Optimum

Life Stage Range Min." [Max. References

Spawning 5-8 44 |10 DeCola ‘70; Danie et al. ‘84; McLaughlin and Knight ‘87

Incubation 472 05 12 DeCola“70; Gunnes ‘79; Danie et al. ‘84; McLaughlin and
Knight ‘87

Early Fry 8-19 0.5 235 Danie et al. ‘84; Jensen et al. ‘91

Juveniles

Feeding 15-19 38 22